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Background: Gestational diabetes mellitus (GDM) increases the risk of complications such as gestational hypertension, genital tract
infections, preterm birth, and adverse perinatal outcomes including fetal distress and macrosomia. Identifying serum biomarkers in
early pregnancy may aid in prevention and improve maternal and fetal outcomes.

Aim: To evaluate the predictive value of placental growth factor (PIGF) and soluble FMS-like tyrosine kinase-1 (sFlt-1) for GDM in
early pregnancy.

Methods: A retrospective case-control study was conducted including 140 pregnant women screened for GDM in early pregnancy.
Seventy women diagnosed with GDM formed the observation group, and 70 women with normal glucose levels served as controls.
Inclusion criteria were singleton pregnancies with complete laboratory data and delivery follow-up at the same hospital. Primary
outcomes were serum PIGF and sFlt-1 levels, and their predictive value for GDM was assessed.

Results: Pre-pregnancy BMI, fasting plasma glucose, HbAlc, HOMA-IR, and sFlt-1 levels were significantly higher in the
observation group, while PIGF levels were lower. Pre-pregnancy BMI, PIGF, and sFlt-1 were independent predictors of GDM (P <
0.05). The incidence of gestational hypertension, preterm birth, genital tract infection, and macrosomia was higher in the observation
group (P < 0.05). PIGF was negatively correlated with HOMA-IR, whereas sFlt-1 showed a positive correlation (P < 0.05). The area
under the curve (AUC) for predicting GDM was 0.875 (95% CI: 0.818-0.932) for PIGF and 0.824 (95% CI: 0.752—0.897) for sFlt-1.
Conclusion: Lower PIGF and higher sFlt-1 levels in early pregnancy may be associated with GDM development and adverse outcomes.
These biomarkers demonstrate potential predictive value, but large-scale prospective studies are required to confirm clinical utility.
Keywords: gestational diabetes mellitus, placental growth factor, PIGF, soluble FMS-like tyrosine kinase-1, sFlt-1, early pregnancy,
predictive value

Introduction

Gestational diabetes mellitus (GDM) refers to varying degrees of glucose metabolism abnormalities that first occur or are
diagnosed during pregnancy. It is one of the most common perinatal complications." Pregnant women with GDM are
prone to gestational hypertension, reproductive tract infections, preterm birth, and have an increased risk of adverse
pregnancy outcomes such as fetal distress and macrosomia.” Therefore, exploring the relationship between serum
markers and the condition of GDM patients in early pregnancy is of great significance for preventing GDM and
improving pregnancy outcomes.

Placental growth factor (PIGF) is a placental-derived angiogenic factor that normally regulates the growth of
endothelial cells and trophoblasts in the placenta. Abnormal expression of PIGF levels can exacerbate placental tissue
ischemia and hypoxia, causing vascular spasms.>* Soluble vascular endothelial growth factor receptor-1 (sFlt-1) is
a selectively spliced circulating form of the vascular endothelial growth factor (VEGF) receptor, belonging to the VEGF
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receptor family. It can bind to VEGF and related ligands, playing a crucial role in angiogenesis and endothelial function
impairment.” Previous studies have found that serum PIGF and sFlt-1 levels are associated with pregnancy complica-
tions. The abnormal changes of serum PIGF and sFlt-1 levels precede the onset of preeclampsia and may serve as early
markers for predicting preeclampsia.®” The mechanisms of pregnancy complications are often accompanied by changes
of peripheral blood cytokines level, and the serological values of diabetic patients are frequently associated with the
deposition of various cytokines.®

Based on previous systematic reviews of placental pathology in patients with GDM, common pathological features
include villous maturation disorders and abnormalities in angiogenesis.” These morphological and functional changes of
the placenta may reflect compensatory mechanisms aimed at counteracting maternal insulin resistance and optimizing fetal
nutrient supply, achieved through modulation of angiogenic status to maintain adequate perfusion. PIGF plays a critical role
in promoting healthy placental vascular development, and reduced production and secretion can be regarded as
a manifestation of placental dysfunction. sFlt-1 regulates angiogenic balance by binding and neutralizing the biological
activity of PIGF and VEGF. Imbalance between PIGF and sFlt-1 levels leads to abnormal formation of the placental
vascular network, resulting in placental ischemia and hypoxia.'® This pathological state not only impairs placental function
but may also trigger systemic inflammatory responses and oxidative stress, damage endothelial function, interfere with
insulin signaling pathways, and ultimately contribute to peripheral tissue insulin resistance.'' This vascular mechanism
may represent an important link between placental dysfunction and abnormal glucose metabolism.

PIGF and sFlt-1 exhibit characteristic dynamic changes during normal pregnancy, and this physiological pattern
highlights the special value of the early gestational detection window.'? The early stage of pregnancy represents a critical
period in which pathophysiological changes occur before clinical manifestations become evident. Therefore, measure-
ment of these biomarkers in early pregnancy may provide a unique time window for the early warning of GDM. This
study explores the potential role of early pregnancy serum levels of PIGF and sFlt-1 as predictive factors for GDM, and
their relationship with pregnancy outcomes. This could aid in evaluating the role of indicators such as PIGF and sFlt-1 in
screening and developing prevention and treatment strategies for GDM.

Materials and Methods

General Data

This study retrospectively collected clinical data of pregnant women who underwent early pregnancy GDM screening at
our hospital’s Department of Obstetrics and Gynecology from April 2023 to October 2024. All enrolled pregnant women
completed early pregnancy serum biomarker testing and gestational follow-up within this time period. Inclusion criteria:
(1) Underwent oral glucose tolerance test (OGTT); (2) Completed pregnancy follow-up and delivery at our hospital; (3)
Underwent pregnancy-related laboratory tests, including blood glucose and lipid levels, at our hospital, with complete
clinical data; (4) No history of hypertension, diabetes, or thyroid dysfunction before pregnancy. Exclusion criteria: (1)
Multiple pregnancies; (2) Presence of heart, kidney, or other primary organ diseases; (3) Pre-pregnancy immune system
diseases; (4) Mental disorders. Participants were consecutively enrolled, and a total of 140 subjects were included. The
observation group consisted of pregnant women diagnosed with GDM during this period based on OGTT results and
meeting the diagnostic criteria. The control group comprised pregnant women with normal blood glucose levels who
underwent routine prenatal examinations and completed OGTT screening during the same period. All subjects met the
inclusion and exclusion criteria. This study has been approved by The Third Xiangya Hospital of Central South
University ethics committee (Approval No.: 25350).

Sample Size

According to previously reported incidence rates of GDM in pregnant women,® the preliminary estimation indicated that
at least 58 subjects per group were required. Considering the retrospective design of the study and the potential for
incomplete case records or missing data, an additional 20% was added to account for possible attrition. The final sample
size was therefore determined as 70 subjects per group.
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Observation Indicators

A standard structured questionnaire using an electronic information collection system was employed to collect baseline
data of pregnant women in detail, including the number of pregnancies, number of deliveries, family history of diabetes,
body mass index (BMI), educational level, and adverse obstetric history. Early pregnancy serum indicators for the two
groups were obtained through the hospital’s case system, including fasting blood glucose (FPG), glycated hemoglobin
(HbA1c), high-density lipoprotein (HDL), low-density lipoprotein (LDL), total cholesterol (TC), and triglycerides (TG).
The insulin resistance index (HOMA-IR) was calculated.

Serum PIGF and sFlt-1 Level Testing: All pregnant women underwent testing in early pregnancy (11+0-13+6 weeks)
after fasting for more than 10h the previous night. The following morning, SmL of fasting venous blood was drawn from
the elbow. The blood was centrifuged at 2500g for 20min at a temperature of 20-25°C to separate the serum, which was
then stored at —80°C. The levels of PIGF and sFIt-1 were measured using the enzyme-linked immunosorbent assay
(ELISA) method. All procedures were strictly performed according to the kit instructions provided by Shanghai
Kanglang Biotechnology Co., Ltd.

Adverse Pregnancy Outcomes: This study recorded all adverse pregnancy outcomes, including gestational hypertension,
preterm birth, genital tract infections, fetal distress, and macrosomia. Gestational hypertension was defined as a systolic blood
pressure >140 mmHg and/or diastolic blood pressure > 90 mmHg occurring after 20 weeks of gestation, which returned to
normal within 12 weeks postpartum.'® Preterm birth was defined as delivery between 28 weeks and less than 37 weeks of
gestation.'* Genital tract infections were defined as infectious diseases of the reproductive tract (including both internal and
external genitalia) caused by various pathogens such as bacteria, viruses, chlamydia, mycoplasma, fungi, etc.'® Fetal distress
was defined as a syndrome indicating acute or chronic hypoxia of the fetus in utero that endangers its health and life.'®
Macrosomia was defined as the birth weight of the fetus reaching or exceeding 4000g."”

Statistical Methods

Statistical analysis of the data was conducted using SPSS 20.0 software. Measurement data conforming to a normal
distribution is expressed as (X &= s) and independent sample ¢ test was used for comparison between the two groups. Non-
normally distributed measurement data were expressed as median (Q,5,Q75) and compared between groups using the
rank-sum test. Count data were expressed as numbers (%) and compared between groups using the »° test. Pearson
correlation analysis was employed to assess the relationships. To control for potential confounding factors, variables
showing differences between the two groups at baseline were included in the model as covariates. Multifactor logistic
regression analysis was used to identify factors influencing the occurrence of GDM. ROC curves (receiver operating
characteristic curves, ROC) were plotted to evaluate the predictive value of serum PIGF and sFlt-1 levels for GDM in
pregnant women. P<0.05 was considered statistically significant.

Results
Comparison of Clinical Characteristics Between the Two Groups of Pregnant Women

The pre-pregnancy BMI of the observation group was significantly higher than that of the control group (P<0.05, Table 1).
There were no significant differences in other general data, such as age, between the two groups (P>0.05, Table 1).

Comparison of Laboratory Indicators Between the Two Groups of Pregnant Women
The PIGF levels in the observation group were lower than those in the control group, while the levels of FPG, HbAlc, HOMA-
IR, and sFlt-1 were higher in the observation group. These differences were statistically significant (P<0.05, Table 2). There
were no significant differences in the levels of TC, LDL, HDL, and TG between the two groups (P>0.05, Table 2).

Comparison of Pregnancy Outcomes Between the Two Groups of Pregnant VWomen
The proportions of gestational hypertension, preterm birth, genital tract infections, and macrosomia in the observation
group were significantly higher than those in the control group (P<0.05, Table 3).
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Table | Comparison of Clinical Characteristics of Pregnant Women

Characteristic Control Group (n=70) | Observation Group (n=70) | Statistical Values | P-value
Age (years) 31.09+4.60 29.96+4.38 —1.487 0.139
Pre-pregnancy BMI (kg/m?) 21.0 (19.6,23.0) 23.9 (21.4,27.2) —4.343 <0.001
History of adverse pregnancy outcomes (n, %) 10 (14.29%) 8 (11.43%) 0.255 0614
Family history of diabetes (n, %) 3 (4.29%) 6 (8.57%) 1.069 0.301
Gravidity (n) 2.0 (2.0,2.0) 2.0 (2.0,2.0) —0.544 0.587
Parity (n) 1.0 (1.0,1.0) 1.0 (1.0,2.0) —1.802 0.072
Smoking by pregnant women (n, %) 5 (7.14%) 3 (4.29%) 0.530 0.466
Alcohol consumption by pregnant women (n, %) | 12 (17.14%) 10 (14.29%) 0.216 0.642
Smoking by husbands (n, %) 20 (28.57%) 26 (37.14%) 1.166 0.280
Alcohol consumption by husbands (n, %) 25 (35.71%) 23 (32.86%) 0.127 0.722
Educational level (n, %) 1.278 0.528
Primary school or below (n, %) I (1.43%) 2 (2.86%)

Secondary school (n, %) 4 (5.71%) 7 (10.00%)

Junior college or above (n, %) 65 (92.86%) 61 (87.14%)

Folic acid intake in early pregnancy (n, %) 49 (70.00%) 54 (77.14%) 0918 0.338
Delivery method (n, %) 0.295 0.587
Vaginal delivery (n, %) 49 (70.00%) 46 (65.71%)

Cesarean section (n, %) 21 (30.00%) 24 (34.29%)

Table 2 Comparison of Laboratory Indicators Between the Two Groups of Pregnant Women

Characteristic | Control Group (n=70) | Observation Group (n=70) | Statistical Value | P-value
FPG (mmol/L) 4.6610.75 5.20+1.11 3.332 0.001
HbAlc (%) 4.8 (4.6,5.0) 5.2 (47,5.8) —3.380 0.001
HOMA-IR 1.960.81 2.77+0.82 5.856 <0.001
TC (mmol/l) 6.42+0.68 6.46+0.54 0.391 0.696
LDL (mmol/L) 3.61+0.42 3.57+0.38 —0.591 0.556
HDL (mmol/L) 1.97+0.42 1.88+0.38 —-1.336 0.184
TG (mmol/L) 2.14+0.66 2.30+0.77 1.301 0.195
PIGF (pg/mL) 56.40+10.20 38.09£12.71 -9.399 <0.001
sFlt-1 (pg/mL) 759.64+112.63 1010.33£248.75 7.681 <0.001

Table 3 Comparison of Pregnancy Outcomes Between the Two Groups of Pregnant Women

Preterm Birth

Genital Tract Infections

Fetal Distress

Macrosomia

Group Gestational Hypertension
Control Group (n=70) | (1.43%)

Observation Group (n=70) | 8 (11.43%)

2% Value 5818

P value 0.016

2 (2.86%)
14 (20.00%)
10.161
0.002

2 (2.86%)
12 (17.14%)
7.937
0.005

I (1.43%)
5 (7.14%)
2.786
0.095

2 (2.86%)
13 (18.57%)
9.035
0.003

Correlation Between Early Pregnancy Serum PIGF, sFlt-1 and Insulin Resistance
The level of PIGF was significantly negatively correlated with HOMA-IR (r=—0.569, P<0.001, Figure 1), while the level
of sFlt-1 was significantly positively correlated with HOMA-IR (r=0.425, P<0.001, Figure 2).

Independent Predictors of the Risk of Developing GDM
Pre-pregnancy BMI, FPG, HbA1c, HOMA-IR, PIGF, and sFlt-1 were used as independent variables, and whether the subjects
had GDM was used as the dependent variable in a logistic regression analysis. The results showed that pre-pregnancy BMI,
PIGF, and sFlt-1 levels were independent predictors of the occurrence of GDM (P<0.05, Tables 4 and 5).
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Figure 2 Correlation Analysis Between sFit-1 Levels and HOMA-IR.

Predictive Efficacy of PIGF and sFit-1 Levels for GDM

The AUC (area under the curve) for predicting GDM using early pregnancy PIGF levels was 0.875 (95% CI:
0.818-0.932), and for sFlt-1 levels, it was 0.824 (95% CI: 0.752—0.897). The optimal cutoff value of PIGF for predicting
GDM was 48.22 pg/mL, with a sensitivity of 82.9% and a specificity of 75.7%. The optimal cutoff value of sFlt-1 for
predicting GDM was 898.39 pg/mL, with a sensitivity of 71.4% and a specificity of 87.1% (Figure 3).

Discussion
The resistance to insulin caused by progesterone, human placental lactogen, and estrogen secreted by the placenta in late
pregnancy is the main cause of GDM. Additionally, studies have suggested that high-risk factors for GDM include
a family history of diabetes, obesity, and hypertension.'® The results of this study showed that pre-pregnancy BMI in
GDM patients was significantly higher than in normal pregnant women, and the levels of FPG, HbAlc, and HOMA-IR
were also significantly elevated. Pregnant women with higher pre-pregnancy BMI are more likely to develop insulin
resistance and struggle to maintain stable blood glucose levels due to weight gain and hormonal changes during
pregnancy, thus leading to the development of GDM."?

For GDM patients without high-risk lifestyle habits, typical symptoms like obvious thirst, frequent urination,
dizziness, or hunger are usually not present, leading to most GDM cases being detected in the mid to late stages of
pregnancy. Previous studies have found that endothelial dysfunction associated with GDM is related to abnormal fetal
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Table 4 Logistic Regression Analysis Assignment Table

Variable Characteristic Assignment
Dependent Variable GDM Yes = |, No = 2
Independent Variables | Pre-pregnancy BMI | Measured value
FPG Measured value
HbAIc Measured value
HOMA-IR Measured value
PIGF Measured value
sFlt-1 Measured value

Table 5 Logistic Regression Analysis of Risk Factors for Developing GDM

Characteristic B SE Wald 4? | P value | OR Value 95% CI
(Lower Limit) | (Upper Limit)

Pre-pregnancy BMI | 0.313 | 0.121 6.746 0.009 1.368 1.080 1.733
FPG 0.608 | 0.398 2.334 0.127 1.837 0.842 4.009
HbAlc 0.641 | 0.594 I.162 0.281 1.898 0.592 6.081
HOMA-IR 0.597 | 0.577 1.070 0.301 1.816 0.672 3415
PIGF —0.186 | 0.044 17.987 <0.001 0.830 0.762 0.905
sFlt-1 0.012 | 0.003 15.947 <0.001 1.012 1.006 1.018

growth.2*2! The results of this study showed that the proportions of gestational hypertension, preterm birth, genital tract
infections, and macrosomia in the observation group were significantly higher than those in the control group. Maternal
hyperglycemia can induce gestational hypertension, exacerbating the condition. It can also accelerate lipid metabolism,
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Figure 3 ROC Curves for Predicting GDM Using PIGF and sFit-1 Levels.
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leading to elevated serum ketone levels in the body, and causing complications such as fetal distress. The hyperglycemic
state increases the risk of macrosomia and the likelihood of preterm birth.** This suggests that exploring serum-related
biological indicators in early pregnancy is significant for GDM screening, monitoring GDM conditions, and improving
pregnancy outcomes.

Abnormally elevated concentrations of sFlt-1 in the placenta and circulation can inhibit free VEGF and PIGF, leading
to the typical abnormal placental angiogenesis and systemic endothelial dysfunction characteristic of gestational
syndromes.® sFlt-1 and PIGF have been extensively studied as biomarkers for preeclampsia, as their level changes
occur before the clinical symptoms of preeclampsia.”>** However, the complex interaction between the expression levels
of sFlt-1 and PIGF and gestational syndromes in the context of pre-GDM remains unresolved.

The results of this study showed that the PIGF levels in the observation group were lower than those in the control
group, while the sFlt-1 levels were higher than those in the control group. Additionally, the PIGF levels were negatively
correlated with HOMA-IR, while the sFlt-1 levels were positively correlated with HOMA-IR. This suggests that serum
sFlt-1 and PIGF levels are closely related to insulin resistance in patients. High blood sugar and diabetes-induced
metabolic disorders, oxidative stress, and inflammatory responses trigger relevant cells, such as vascular endothelial cells
and placental trophoblast cells, to increase the secretion of sFlt-1.>> The study by Madiwale et al*® also supports this
perspective, demonstrating that the expression of placental angiogenic biomarkers PIGF and sFlt-1 in patients with GDM
is significantly altered compared with non-GDM women, potentially affecting placental development and function.
Moreover, the negative correlation between these abnormal expressions and placental size suggests that such changes
may adversely influence pregnancy outcomes in GDM. It should be emphasized, however, that as a case-control study,
the present research can only indicate an association between early pregnancy PIGF and sFlt-1 level changes and GDM,
without establishing causality. Whether these biomarker alterations represent causal factors for GDM or early effects of
the disease remains to be clarified through prospective cohort studies and further mechanistic investigations.

The study by Tsiakkas et al*’ observed a significant decreasing trend in early pregnancy serum PIGF levels in women
with pre-existing type 1 and type 2 diabetes, highlighting the role of PIGF level changes in screening for pregnancy
complications. Additionally, the study by Mordwinkin et al*® demonstrated that in women with GDM, maternal
circulating endothelial progenitor cells decrease, soluble adhesion molecules increase, superoxide dismutase expression
decreases, and endothelial nitric oxide synthase expression increases. These mechanisms may involve changes in the
balance of angiogenesis, leading to fluctuations in serum factors such as PIGF and sFlt-1. Obesity and overweight (pre-
pregnancy BMI >25 kg/m?) are also critical risk factors. Increased adipose tissue, particularly visceral fat accumulation,
promotes chronic low-grade inflammation and abnormal adipokine secretion, thereby exacerbating insulin resistance. In
addition, obesity is often accompanied by lipotoxicity and disturbances in insulin signaling pathways, which further
impair the insulin secretory reserve capacity of p-cells.”’ This study confirmed through logistic regression analysis that
pre-pregnancy BMI, PIGF, and sFlt-1 are independent predictors of GDM occurrence and further utilized ROC curve
analysis to assess the predictive efficacy of PIGF and sFlt-1 for GDM. The results showed that early pregnancy serum
levels of PIGF and sFlt-1 have good predictive value for the occurrence of GDM, providing a basis for early prediction of
GDM. Advanced maternal age is a well-established independent risk factor for GDM, with the risk further increasing in
women aged >35 years.”® The underlying mechanisms may be related to age-associated decline in insulin sensitivity,
accumulation of oxidative stress, and progressive deterioration of pancreatic B-cell function with advancing age.
A history of GDM, family history of diabetes, and ethnic or racial differences have also been widely documented as
risk factors for GDM.?' Such disparities may be attributed to genetic susceptibility, differences in body fat distribution
(eg, central obesity), and ethnicity-specific variations in insulin sensitivity and p-cell function. The development of GDM
results from the combined effects of multiple risk factors, with the core pathophysiological pathways involving
exacerbated insulin resistance and B-cell functional decompensation. Integrating serum biomarkers such as PIGF and
sFlt-1, which reflect early placental function and vascular homeostasis, with traditional clinical risk factors including
advanced maternal age, BMI, and ethnicity, may enable the construction of a more precise and forward-looking
predictive model for GDM risk.

This study has several limitations. First, as a single-center retrospective case-control study, all participants were
recruited from the same institution, which may restrict the generalizability of the findings to rural populations, different
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ethnic groups, or other healthcare systems. Second, due to the retrospective design, the sample size was relatively small
and primarily dependent on existing medical records, making it difficult to systematically collect and adjust for all
potential confounding factors (such as detailed dietary patterns, physical activity levels, genetic background, and
gestational weight gain). Consequently, the study was insufficient to construct a highly robust multivariable predictive
model. Although key variables such as pre-pregnancy BMI, maternal age, and family history were controlled in the
analysis, residual confounding cannot be completely excluded. Finally, only a single time point of serum PIGF and sFlt-1
levels in early pregnancy was measured, without dynamic monitoring throughout gestation. This limitation makes it
difficult to clarify the longitudinal trajectories of these biomarkers and their temporal relationship with the onset and
progression of GDM. Future large-scale prospective cohort studies are needed to establish more comprehensive
predictive models and to further validate the independent predictive value of these angiogenic biomarkers, thereby
enabling the development of more reliable early risk prediction tools.

Conclusions

In summary, reduced serum PIGF and elevated sFlt-1 levels in early pregnancy may be associated with the development
of GDM and the progression of adverse pregnancy outcomes, and preliminary ROC analysis demonstrated certain
discriminatory ability. Measurement of PIGF and sFlt-1 in early pregnancy shows potential predictive value for GDM.
However, given the retrospective design and single-center sample source of this study, these conclusions require further
validation through large-scale prospective cohort studies to assess their true clinical translational significance.
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