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Objective: To investigate the significance and relationship of glucose and lipid metabolism, placental resistin, and human lipid carrier
protein (LCN—2) expression in pregnant women with gestational diabetes mellitus (GDM) complicated by severe preeclampsia
(SPE).

Methods: A total of 89 patients with GDM and SPE (G+S group) and 89 patients with GDM alone (GDM group) were included. Blood
samples were collected to measure glucose and lipid metabolism indicators [fasting blood glucose (FBG), fasting insulin (FINS), glycosylated
hemoglobin (HbA1c¢), total cholesterol (TC), triglycerides (TG), HDL-C, and LDL-C], and immunohistochemistry was used to assess placental
resistin and LCN—2 levels. Delivery conditions and adverse maternal and neonatal outcomes were compared. Pearson correlation analysis was
conducted to explore the relationship between placental resistin, LCN—2, and glucose and lipid metabolism indicators.

Results: FBG, FINS, HbAlc, TC, and TG levels were higher, and HDL-C was lower in the G+S group compared to the GDM group
(P<0.05). The positive expression rates of resistin and LCN—2 in placental tissue were also higher in the G+S group (P<0.05). The G
+S group had lower gestational weeks, neonatal birth weight, and higher postpartum hemorrhage than the GDM group (P<0.05). The
G+S group showed higher rates of adverse maternal outcomes (postpartum hemorrhage, intrauterine infection) and neonatal outcomes
(preterm birth, fetal distress) (P<0.05). Pearson analysis showed that placental resistin and LCN—2 expression were positively
correlated with FBG, FINS, TC, and TG, and negatively correlated with HDL-C (P<0.05).

Conclusion: Pregnant women with GDM and SPE have higher risks of glucose and lipid metabolism disorders, placental resistin and
LCN—2 expression, and adverse maternal and neonatal outcomes compared to GDM patients. Resistin and LCN—2 may influence
glucose and lipid metabolism, affecting pregnancy outcomes.
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Introduction

According to the International Diabetes Federation (IDF), the global prevalence of gestational diabetes mellitus (GDM)
was approximately 14.0% in 2017, with North America at 12.6%, Africa at 9.0%, and Asia at 21.0%." With the
development of China’s economy and the reform of its fertility policies, the prevalence of GDM has been increasing.
Meta-analysis and systematic review results show that, based on the standards of the International Association of
Diabetes and Pregnancy Study Groups (IADPSG), the overall prevalence of GDM in China is 14.8%.> Preeclampsia
(PE) is a pregnancy-related hypertensive disorder that severely impacts maternal and fetal health and is a leading cause of
increased maternal and perinatal mortality. Reports indicate that the prevalence of GDM complicated by PE (GDM-PE)
ranges from 6.0% to 15%.> The pathophysiology of GDM-PE is complex and can lead to multi-organ dysfunction,
causing severe harm to both the mother and the fetus. The earlier the onset of the disease, the greater the impact on
maternal and fetal outcomes. Currently, the pathophysiology of GDM and PE is distinct, but there are some overlaps,
especially in terms of the interactions between metabolism and the immune system. GDM is primarily caused by insulin
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resistance, insufficient insulin secretion, and changes in placental hormones.* Severe Preeclampsia (SPE) is mainly
caused by placental development abnormalities, poor blood flow perfusion, endothelial dysfunction, and immune
response abnormalities. The connection between the two: metabolic disorders, inflammation, and oxidative stress are
potential common points, with pregnant women with GDM being more likely to develop SPE.’ Studies® have shown that
GDM and SPE often coexist in late pregnancy, and their combined presence further aggravates maternal glucose and lipid
metabolism disorders. The pathogenesis of GDM complicated by SPE is complex and involves significant multi-factorial
interactions, with metabolic abnormalities and placental dysfunction at its core.” Glucose and lipid metabolism imbalance
not only exacerbates insulin resistance in pregnant women but also affects placental angiogenesis and structural function,
thus adversely impacting fetal development.® Therefore, an in-depth exploration of the glucose and lipid metabolism
mechanisms and the role of placental factors in GDM combined with SPE not only helps to reveal the key pathological
processes of its development but also provides new ideas for clinical prevention and intervention.

The placenta, as a key organ for maternal-fetal substance exchange, is considered to be a core factor in the occurrence
of adverse maternal and neonatal outcomes due to its dysfunction.” Recent studies'®!' have found that a significant
increase in the expression of certain specific factors in the placenta is closely related to maternal metabolic imbalance,
which may affect fetal development and maternal health by regulating the glucose and lipid metabolism function of the
placenta. Resistin, an inflammatory factor secreted by adipose tissue, plays an important role in the occurrence and
development of insulin resistance and metabolic syndrome.'? Previous studies' have shown that elevated resistin levels
are closely related to the pathological processes of GDM and SPE, suggesting that it may be one of the key regulatory
factors of metabolic abnormalities in GDM complicated by SPE. Human Lipocalin-2 (LCN-2) is a secretory glycopro-
tein, and recent studies have found that LCN-2 is associated with the onset of pregnancy-related metabolic disorders,'*
and studies'> have pointed out that its abnormal expression in pregnant women may affect lipid metabolism in the
placenta, thereby interfering with lipid transfer between the mother and fetus. However, there are few domestic studies on
the relationship between LCN-2, GDM, and PE. Therefore, in-depth research on the expression of resistin and LCN-2 in
the placenta of patients with GDM and SPE, and their relationship with glucose and lipid metabolism disorders, not only
aids in better understanding the mechanisms behind adverse pregnancy outcomes in these patients but also may provide
new targets for clinical intervention. Based on the above reasons, this study detects the expression levels of resistin and
LCN-2 in the placental tissues of patients with GDM and SPE in our hospital and analyzes their relationship with glucose
and lipid metabolism indicators, aiming to provide a scientific basis for the prevention and treatment of glucose and lipid
metabolism disorders in patients with GDM and SPE and to offer new research directions for reducing the risk of adverse
pregnancy outcomes in these patients.

Data and Methods

Clinical Data

A total of 89 patients with gestational diabetes mellitus (GDM) complicated by severe preeclampsia (SPE) treated at our
hospital between April 2022 and January 2024 were selected as the study subjects (G+S Group). Additionally, 89 patients
with GDM alone during the same period were selected as controls (GDM Group). Inclusion criteria: (1) Both GDM and
SPE meet the relevant clinical diagnostic criteria: GDM is diagnosed according to the World Health Organization (WHO)
and International Association of Diabetes and Pregnancy Study Groups (IADPSG) criteria, and SPE is diagnosed
according to ACOG and FIGO criteria;'®'” (2) Natural conception with singleton, cephalic pregnancy confirmed by
ultrasound; (3) Normal structure and function of the birth canal; 4) Good cognitive and communication abilities, clear
consciousness upon admission, high adherence to the study process, able to cooperate with the study requirements, and
signed informed consent. Exclusion criteria: (1) Severe organ dysfunction; (2) Presence of immune, metabolic, or
hematologic diseases; 3 Endocrine or infectious diseases; (4) Severe cardiovascular or cerebrovascular diseases; (5
History of adverse pregnancies or childbirth; (6) Other pregnancy complications; (7) Use of assisted reproductive
technology; (8 Recent (within 1 month) use of medications affecting glucose and lipid metabolism; (9) Poor compliance,
dropout, or loss to follow-up. This study was approved by the Medical Ethics Committee of Shengli Oilfield Central
Hospital (Approval No.: YXLL202405801), and ethical standards were strictly followed throughout the research.
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Informed consent was obtained from all study participants. All the methods were carried out in accordance with the
Declaration of Helsinki.

Main Reagents and Instruments

The main reagents used in this experiment include rabbit anti-human resistin polyclonal antibody and rabbit anti-human
lipocalin (LCN-2) polyclonal antibody (Catalog No.: YK-RHO001 and YK-LCO001, Xiamen Yanke Biotechnology Co.,
Ltd)., ready-to-use high-efficiency immunohistochemistry kit (Catalog No.: AB-HIK001, Shanghai Absin Biotechnology
Co., Ltd)., enzyme-linked immunosorbent assay (ELISA) kits (Catalog No.: ELISA-EL1001, Wuhan Elabscience
Biotechnology Co., Ltd). Major equipment includes: ES-500 fully automatic tissue embedding machine (Catalog No.:
XY-ES500, Shanghai Xinyu Biotechnology Co., Ltd)., RM2135 microtome (Catalog No.: Leica-RM2135, Leica,
Germany), BS280 fully automated biochemical analyzer (Catalog No.: Mindray-BS280, Mindray Bio-Medical
Electronics Co., Ltd., Shenzhen), and BX-41 optical microscope (Catalog No.: Olympus-BX41, Olympus, Japan).

Methods

Specimen Collection Method

Within 24 hours of admission, 5 mL of peripheral elbow venous blood was collected from each patient by healthcare
personnel, and serum was separated after centrifugation at 1500 r/min for 5 minutes, then preserved aseptically for future
use. Within 2 minutes after delivery, a 2.0 cm x 1.0 cm % 1.0 cm block of placental tissue near the root of the umbilical
cord on the maternal surface was collected, rinsed with physiological saline, placed in a pathology bag containing
fixative, and labeled accordingly.

Detection Methods

Measurement of Glucose and Lipid Metabolism

The levels of glucose and lipid metabolism-related indicators were measured using a fully automated biochemical
analyzer. The levels of total cholesterol (TC) and triglycerides (TG) were measured by enzyme-based colorimetric
methods; high-density lipoprotein cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C) were measured
by precipitation techniques; fasting blood glucose (FBG) was measured by the glucose oxidase method; fasting insulin
(FINS) was measured by chemiluminescence; glycated hemoglobin (HbA1c) was measured by high-performance liquid
chromatography. All measurements were conducted according to equipment manuals and operational procedures to
ensure data accuracy.

Determination of Resistin and LCN-2 in Placental Tissue

Immunohistochemistry was used to measure the expression levels of resistin and LCN-2 proteins in placental tissue. The
specific steps are as follows: (1) Specimen Fixation and Pretreatment: Placental tissue specimens were fixed in 4%
paraformaldehyde solution, then rinsed with phosphate-buffered saline (PBS) to remove paraformaldehyde residues. The
specimens underwent gradient alcohol dehydration to maintain tissue structure integrity and clear cell morphology. (2)
Sectioning and Staining: After dehydration, tissue blocks were continuously sectioned at a thickness of 5 um using
a microtome. After deparaffinization, hematoxylin-eosin (HE) staining was performed to observe the overall tissue
structure, with eosin staining added after hematoxylin staining for 120 seconds. Samples were dehydrated in gradient
alcohol, cleared with xylene, and finally mounted with neutral gum for microscopic observation. (3)
Immunohistochemical Staining Steps: After deparaffinization, slides were incubated with 3% hydrogen peroxide
deionized water to inhibit endogenous peroxidase activity, followed by heat antigen retrieval. Normal goat serum was
added as a blocking solution to block nonspecific binding sites, incubated at room temperature for 10-15 minutes. (%)
Primary Antibody Incubation: Rabbit anti-human resistin polyclonal antibody or rabbit anti-human LCN-2 polyclonal
antibody was added, incubated at room temperature for 60 minutes, and the slides were stored overnight at 4°C. The
next day, PBS was used to wash the slides 3 times for 3 minutes each to ensure the removal of nonspecific binding
antibodies. (5) Secondary Antibody Incubation and Development: Biotin-labeled goat anti-rabbit IgG was added,
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incubated at room temperature for 60 minutes, washed again with PBS 3 times for 3 minutes each, and horseradish
peroxidase-labeled solution was added, incubated at room temperature for 1 hour. After washing, a chromogenic agent
was added for development, and if necessary, hematoxylin was added to enhance contrast. (6) Negative and Positive
Controls: PBS buffer without primary antibody was used as a negative control to ensure experiment specificity, while
known positive slides were used as positive controls to verify the staining accuracy. Staining results were observed and
analyzed under a microscope.

Evaluation of Staining Results

For each slide, five high-power field areas were randomly selected to observe the positive expression of resistin and
LCN-2 in placental tissue. Positive staining for resistin and LCN-2 was mainly localized in the cell membrane or
cytoplasm of placental trophoblasts, and positive staining was indicated by the presence of brownish-yellow granules.
The evaluation criteria for staining results were based on the number of positive cells and staining intensity, with the
following scoring system: (1) Scoring of Positive Cell Number: Based on the proportion of positive cells in the section:
less than 5% positive cells scored 0 points; 6%—25% scored 1 point; 26%—-50% scored 2 points; 51%—75% scored 3
points; more than 75% scored 4 points. (2) Scoring of Staining Intensity: Based on the staining intensity: no significant
staining scored 0 points; light yellow staining slightly above background scored 1 point; moderate brownish-yellow
granules scored 2 points; abundant, uniformly distributed brown or dark brown granules scored 3 points. The scores of
positive cell number and staining intensity were added to obtain a final composite score: a score <3 points was considered
negative expression, and a score >3 points was considered positive expression. The scoring system used for evaluating
the staining results is based on the general principles of immunohistochemical assessment of protein expression, as
outlined in Nielsen et al (2015) for external quality assessment of immunohistochemistry in NordiQC.'® The criteria for
scoring positive cell number and staining intensity were adapted from standard practices in immunohistochemistry, which
have been validated in various tissue types, including placental tissues.

Observation of Pregnancy Outcomes

Pregnancy outcome data for both groups were recorded, including gestational age at delivery, newborn weight,
postpartum blood loss, and delivery mode. Maternal and neonatal adverse pregnancy outcomes were also recorded in
detail. Maternal outcomes included complications such as postpartum hemorrhage, intrauterine infection, placental
abruption, and premature rupture of membranes. Neonatal outcomes included preterm birth, neonatal asphyxia, neonatal
hypoglycemia, fetal distress, fetal growth restriction, and macrosomia.

Statistical Analysis

Data were analyzed and visualized using GraphPad Prism 8, with analysis conducted using SPSS 22.0. Measurement
data, assuming normal distribution and homogeneity of variance, are expressed as (¥ + s and were compared between
groups using independent sample t-tests. Count data are expressed as n (%) and analyzed using chi-square (x?) tests.
Pearson linear correlation analysis was used to analyze the correlation between resistin, LCN-2 expression, and glucose
and lipid metabolism indicators. All tests were two-tailed, and a P-value <0.05 was considered statistically significant.

Results

Comparison of Basic Information

There were no statistically significant differences in age, gestational weeks, pre-pregnancy BMI, delivery status, or
educational level between the two groups of pregnant women (P > 0.05), indicating comparability. See Table 1.

Comeparison of Lipid Metabolism Indicators

The G+S group had higher levels of FBG, FINS, HbAlc, TC, and TG compared to the GDM group, while HDL-C levels
were lower than those in the GDM group (P < 0.05). There was no significant difference in LDL-C levels between the
two groups (P > 0.05). See Table 2.
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Table | Comparison of Basic Information (X £ s, n [%])

Clinical Data G+S (n=89) | GDM (n=89) | t/x* P
Age (years) 30.07+4.23 29.62+4.15 0.716 | 0.474
Gestational Weeks 36.84+2.97 37.35+2.82 1.174 | 0.271
Pre-pregnancy BMI (kg/m?) | 23.09+3.12 22.97+3.18 0.254 | 0.799
Delivery Status - - 0.202 | 0.652
Primipara 42 (47.19) 45 (50.56) - -
Multipara 47 (52.81) 44 (49.44) - -
Educational Level - - 0.598 | 0.439
High School or Below 36 (40.45) 31 (34.83) - -
College or Above 53 (59.55) 58 (65.17) - -
Table 2 Comparison of Lipid Metabolism Indicators (¥ =+ s)
Glycolipid Metabolism Indicators | G+S (n=89) | GDM (n=89) t P
FBG (mmol/L) 5.36+0.63 4.460.67 9.232 | <0.001
FINS (mlU/L) 15.17+3.48 11.96x1.62 7.889 | <0.001
HbAlc (%) 5.91+0.56 5.27+0.45 8.404 | <0.001
TC (mmol/l) 6.74£1.63 6.04+1.58 2.909 | 0.004
TG (mmol/L) 6.63+0.85 4.680.61 17.583 | <0.001
HDL-C (mmol/L) 1.19+0.35 1.57+0.42 6.557 | <0.001
LDL-C (mmol/L) 2.91+0.88 2.89+0.87 0.152 | 0.879

Comparison of Positive Expression Rates of Resistin and LCN-2 Proteins in Placental

Tissue

Among the 89 patients in the G+S group, 76 showed positive expression of resistin in placental tissue, and 72 showed

positive expression of LCN-2 protein. In the GDM group, out of 89 patients, 53 had positive resistin expression and

50 had positive LCN—2 protein expression. The positive rates of resistin and LCN—2 in the G+S group were
significantly higher than in the GDM group (P < 0.05). See Figure 1.

Comparison of Delivery Conditions
Among the 89 patients in the G+S group, 34 had natural deliveries. The gestational age at delivery in this group was
(37.134£2.08) weeks, neonatal birth weight was (2907.48+356.82) g, and postpartum blood loss was (415.39+£126.74) mL.
In the GDM group, 60 patients had natural deliveries, with a gestational age at delivery of (38.244+1.76) weeks, neonatal
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Figure I Comparison of Positive Expression Rates of Resistin and LCN—2 Proteins in Placental Tissue [n (%)]. (A) Positive Expression Rates of Resistin; (B) Positive

Expression Rates of LCN—2 Protein.
Note: * indicates P < 0.05.
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birth weight of (3323.57+£367.15) g, and postpartum blood loss of (338.46+101.97) mL. The G+S group had lower
gestational age at delivery, neonatal birth weight, and proportion of natural delivery, but higher postpartum blood loss
compared to the GDM group (P < 0.05). See Figures 2 and 3.

Comparison of Adverse Maternal and Infant Outcomes

For maternal outcomes, the G+S group had higher rates of postpartum hemorrhage, intrauterine infection, and premature
rupture of membranes compared to the GDM group (P < 0.05); there was no significant difference in the incidence of
placental abruption between the two groups (P > 0.05). For neonatal outcomes, the G+S group had higher incidences of
preterm birth, fetal distress, and fetal growth restriction compared to the GDM group (P < 0.05). There were no
significant differences between the two groups in the incidences of neonatal asphyxia, neonatal hypoglycemia, and
macrosomia (P > 0.05). See Tables 3 and 4.

)

G+S group

Figure 2 Comparison of Delivery Methods [n (%)].
Note: * indicates P < 0.05.
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Figure 3 Comparison of Gestational Age at Delivery, Neonatal Birth Weight, and Postpartum Blood Loss. (A) Gestational week of delivery; (B) Newborn birth weight (g);

(C) Postpartum hemorrhage (mL).
Note: * indicates P < 0.05.
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Table 3 Comparison of Adverse Maternal Outcomes [n (%)]

Adverse Maternal Outcomes G+S (n=89) | GDM (n=89) x? P

Postpartum Hemorrhage 16 (17.98) 7 (7.87) 4.044 | 0.044
Intrauterine Infection 11 (12.36) 3 (3.37) 4961 | 0.025
Placental Abruption 4 (4.49) 2 (2.25) 0.172 | 0.677
Premature Rupture of Membranes 18 (20.22) 7 (7.87) 5.630 | 0.017

Table 4 Comparison of Adverse Neonatal Outcomes [n (%)]

Adverse Neonatal Outcomes | G+S (n=89) | GDM (n=89) x? P

Preterm Birth 18 (20.22) 7 (7.87) 5.630 | 0.017
Neonatal Asphyxia 13 (14.61) 6 (6.74) 2.887 | 0.089
Neonatal Hypoglycemia 8 (8.99) 4 (4.49) 8.882 | 0.002
Fetal Distress 15 (16.85) 7 (7.87) 1.429 | 0.231
Fetal Growth Restriction 14 (15.73) 5 (5.62) 4.772 | 0.028
Macrosomia 4 (4.49) 5 (5.62) 0.000 | 1.000

Correlation Analysis Between Positive Expression Rates of Resistin, LCN-2 Protein in
Placental Tissue of Pregnant Women with GDM Complicated by SPE and Glycolipid

Metabolism Indicators

Pearson correlation analysis showed that the positive expression of resistin and LCN-2 protein in the placental tissue of
pregnant women with GDM complicated by SPE was positively correlated with FBG, FINS, TC, and TG, and negatively
correlated with HDL-C (P < 0.05). See Table 5 and Figures 4 and 5.

Discussion

Currently, the pathological mechanisms of GDM complicated by SPE are not fully understood, but increasing research'”
suggests that adipokines secreted in placental tissue may play an important role in this process. Adipokines can
exacerbate insulin resistance by influencing endothelial cell metabolism and activation, thereby creating conditions for
the development of SPE.?® Resistin, a cysteine-rich protein secreted by adipose tissue, has the function of regulating
insulin sensitivity.! Specifically, resistin can reduce glucose uptake and utilization in peripheral tissues, resulting in
disorders of glycolipid metabolism. Therefore, resistin is believed to play a crucial role in the pathogenesis of GDM
complicated by SPE. Recent studies®® have shown that resistin can promote endothelial cell activation and smooth

Table 5 Correlation Between Positive
Expression Rates of Resistin, LCN—2 Protein
in Placental Tissue of Pregnant Women with
GDM Complicated by SPE and Glycolipid
Metabolism Indicators

Indicator Resistin LCN—2
r P r P

FBG 0.524 | <0.001 0.467 | <0.001
FINS 0.563 | <0.001 0.526 | <0.001
HbAlc 0.169 0.078 0.157 0.082
TC 0.495 | <0.001 0.513 | <0.001
TG 0.559 | <0.001 0.574 | <0.001
HDL-C -0.327 | 0.035 | —0.365 | <0.001
LDL-C 0.154 0.103 0.162 0.087
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Figure 4 Correlation Between Positive Expression Rates of Resistin in Placental Tissue of Pregnant Women with GDM Complicated by SPE and Glycolipid Metabolism
Indicators.

muscle cell proliferation, leading to endothelial dysfunction, which in turn contributes to the pathological processes of
GDM and SPE. However, other studies® have noted that, compared to normal pregnancy, serum resistin levels are lower
in SPE patients, possibly reflecting individual differences or dynamic changes in the pathological process. Our study
found that the positive expression rate of resistin in the placental tissue of patients with GDM complicated by SPE was
significantly higher than in the GDM-only group, supporting the hypothesis that resistin may have a significant impact on
vascular and metabolic regulation in patients with GDM complicated by SPE. In addition, our study further revealed that
the degree of glycolipid metabolism disorder in GDM complicated by SPE is more severe than in GDM alone, as
indicated by elevated levels of FBG, FINS, TC, TG, and decreased HDL-C. This finding is consistent with previous
research,”* suggesting that patients with GDM complicated by SPE have higher insulin resistance and more pronounced
glycolipid metabolism disorders. It can be inferred that high levels of resistin in placental tissue may exacerbate insulin
resistance through a series of mechanisms in the pathological process of GDM complicated by SPE. Physiologically,
resistin may directly act on insulin target organs, such as skeletal muscle and liver, inhibiting glucose uptake and thereby
reducing glucose tolerance. Additionally, elevated resistin can activate multiple inflammatory signaling pathways,
exacerbating endothelial dysfunction and causing excessive production of vasoconstrictors. With the proliferation of
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Figure 5 Correlation Between Positive Expression Rates of LCN—2 Protein in Placental Tissue of Pregnant Women with GDM Complicated by SPE and Glycolipid
Metabolism Indicators.

vascular smooth muscle cells and increased endothelial cell permeability, the vascular lumen gradually narrows and
undergoes spasms, leading to elevated blood pressure and ultimately triggering SPE.

Recent studies® indicate that as an important molecular regulatory factor, adipokine LCN-2 may play a key role in the
pathogenesis of GDM complicated by SPE. LCN-2 can not only promote placental trophoblast invasion and placental formation
by synergizing with matrix metalloproteinase-9 (MMP-9),% but also participates in regulating inflammatory responses, insulin
metabolism, and ischemia-reperfusion injury.?” Research by Schroder et al*® observed significant overexpression of LCN-2 in the
serum and placental tissue of SPE patients. Our study similarly found that compared with the GDM-only group, the positive
expression rate of LCN-2 in the placental tissue of the GDM complicated by SPE (G+S) group was significantly higher (P <0.05),
further supporting the prevalence and physiological relevance of this phenomenon. This suggests that LCN-2 may play an
important role in the pathological process of GDM complicated by SPE, and its high expression may be closely related to disease
progression. It is speculated that the high expression of LCN-2 may exacerbate insulin resistance and endothelial damage through
various mechanisms, thus playing a key role in the pathological process of GDM complicated by SPE. First, high LCN-2
expression may induce insulin resistance in hepatocytes, which in turn increases adipocyte activity by activating peroxisome
proliferator-activated receptor y (PPARY) in adipocytes.”~° PPARy activation accelerates fat metabolism, leading to excessive
production of lipid breakdown products and inducing lipid peroxidation reactions, thereby causing endothelial damage. This
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damage not only increases vascular permeability but also raises blood pressure. Meanwhile, high LCN-2 levels may inhibit nitric
oxide synthesis, which plays an essential role in vasodilation. Its reduction can exacerbate glycolipid metabolism disorders and
increased vascular resistance, further intensifying the extent of elevated blood pressure and insulin resistance. Additionally, our
study revealed that GDM complicated by SPE may have a significant impact on maternal and fetal outcomes. Data showed that
neonatal weight in the G+S group was significantly lower than in the GDM-only group, and the rate of preterm birth was higher,
along with increased postpartum hemorrhage and elevated incidences of fetal distress, premature rupture of membranes, and fetal
growth restriction. These findings suggest that GDM complicated by SPE may significantly increase the risk of adverse maternal
and fetal outcomes. The potential reasons may be related to the exacerbation of glycolipid metabolic disorders and increased
insulin resistance. These metabolic abnormalities may cause spasms in small arteries throughout the body, reducing blood supply
to the placenta, resulting in placental ischemia and hypoxia, hindering nutrient and oxygen exchange between mother and fetus,
and ultimately leading to adverse outcomes such as fetal growth restriction and low neonatal birth weight. Further analysis
indicates that endothelial dysfunction in pregnant women with GDM complicated by SPE is relatively severe. This endothelial
dysfunction may not only lead to preterm birth but also increase the risk of postpartum hemorrhage due to uterine atony. The
hypertension and small artery spasms caused by SPE may reduce blood supply, affect placental perfusion, and lead to decreased
placental function.>'*? Therefore, pregnant women with GDM complicated by SPE often face a higher risk of postpartum
hemorrhage, requiring more active monitoring and intervention measures during the perinatal period to reduce the incidence of
adverse pregnancy outcomes. However, it is important to emphasize that glycolipid metabolic disorders and placental factors,
such as increased expression of resistin and LCN-2, are not the only risk factors for adverse outcomes in GDM complicated by
SPE. Other factors, including genetic predisposition, lifestyle choices (eg, diet and physical activity), and environmental
influences, also contribute to the development of these conditions. For instance, genetic polymorphisms related to insulin
resistance and vascular function could predispose individuals to more severe GDM and preeclampsia. Additionally, maternal
obesity, lack of prenatal care, and poor diet may worsen metabolic disturbances and increase the risk of complications.
Environmental factors like stress and pollution may also play a role. Therefore, a multifactorial approach is needed to fully
understand the risk factors for GDM complicated by SPE. Future studies should explore these additional factors, as they could
provide a more comprehensive understanding of the mechanisms underlying adverse maternal and neonatal outcomes.

Additionally, this study further revealed that the expression levels of resistin and LCN-2 protein in the placental tissue of
patients with GDM complicated by SPE were significantly correlated with various glycometabolic and lipid parameters.
Specifically, the expression of resistin and LCN-2 in the placenta was positively correlated with FBG, FINS, TC, and TG,
while negatively correlated with HDL-C (P < 0.05). These correlations suggest that resistin and LCN-2 may increase the risk of
adverse pregnancy outcomes in patients with GDM complicated by SPE by influencing glycometabolism and lipid metabolism. It
is speculated that when TC and TG levels rise and HDL-C levels decrease, lipid peroxidation reactions are induced in the body,
resulting in vascular endothelial dysfunction and an increased risk of cardiovascular disease. The high expression of resistin and
LCN-2 may exacerbate this metabolic disorder, further advancing insulin resistance. The aggravation of insulin resistance can lead
to increased levels of FBG and FINS, forming hyperinsulinemia, which worsens lipid metabolism disorders in the body.>® As lipid
metabolism becomes unbalanced, inflammatory responses in the body increase, potentially affecting the synthesis of important
physiological regulators such as prostaglandin E2.>* Prostaglandin E2 plays an essential role in maintaining normal vascular
function and regulating vascular tension; however, its reduced synthesis may worsen peripheral vascular resistance, exposing the
vascular walls to higher pressure and potentially inducing hypertension. Furthermore, this disorder in glycometabolism and lipid
metabolism affects not only the body’s energy metabolism but also has far-reaching negative impacts on endothelial cell function,
causing structural and functional damage to vascular endothelium. As endothelial injury worsens, resistin and LCN-2 further
aggravate the patient’s condition by enhancing insulin resistance and exacerbating metabolic disorders.

The limitations of this study include the following: (1) Limited sample size: The relatively small sample size of this study may
restrict the general applicability of the results. (2) Short observation period: The observation period in this study may be relatively
limited, failing to cover all stages of pregnancy or long-term follow-up, which may affect understanding of the dynamic changes in
placental adipokines across different stages of pregnancy and their long-term impact on maternal and fetal outcomes. (3) Single-
center data: This study is a single-center analysis, and the regional and population limitations may affect the generalizability of the
findings. () Lack of inclusion of more potential influencing factors: Besides resistin and LCN-2, this study did not evaluate other
adipokines or inflammatory factors that may affect GDM complicated by SPE, such as leptin and adiponectin. These factors may
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also participate in regulating glycometabolism, lipid metabolism, and vascular endothelial function, impacting the pathological
progression of GDM complicated by SPE. (8) Insufficient depth in mechanism research: This study is primarily observational and
did not conduct an in-depth exploration of the mechanisms of action of resistin and LCN-2, lacking in vitro or animal experimental
data to support their physiological and molecular mechanisms. (6) Lack of consideration of individual patient differences:
Variations in constitution, medical history, and lifestyle among patients may affect adipokine expression levels and disease
progression, and this study did not fully control for or explore the influence of these individual differences, potentially limiting the
interpretation of the results. These limitations suggest that future studies should aim to enhance the depth and generalizability of
research by expanding sample sizes, extending follow-up periods, increasing research variables, and using multicenter data.

Conclusion

The high expression of resistin and LCN-2 may promote the imbalance of glycometabolism and lipid metabolism
through multiple pathways, directly affecting maternal vascular health and leading to a series of adverse pregnancy
outcomes. This finding not only reveals the potential mechanisms for the exacerbation of GDM complicated by SPE but
also suggests that resistin and LCN-2 may become therapeutic targets in the future for regulating glycometabolism and
protecting the vasculature. Based on the results of this study, further research on whether inhibition of resistin and LCN-2
expression can alleviate metabolic disorders in patients with GDM complicated by SPE and improve pregnancy
outcomes may be a promising direction for future exploration.

In addition, future studies could focus on exploring gene expression profiles, such as through the analysis of long non-
coding RNAs (IncRNAs) in this field. Investigating the role of IncRNAs in regulating the expression of resistin and LCN-
2, as well as their potential involvement in the pathogenesis of GDM complicated by SPE, could provide valuable
insights. This could help to identify novel biomarkers or therapeutic targets and advance our understanding of the
molecular mechanisms underlying these conditions.
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