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Abstract

Aims/Background: The coexistence of gestational diabetes mellitus (GDM) and preeclampsia (PE) significantly increases the risk of
adverse neonatal outcomes. However, effective predictive tools for this high-risk population remain limited. This study aimed to evaluate
the predictive value of inflammatory and placental-related biomarkers for adverse neonatal outcomes in pregnant women with GDM and
PE. Methods: This retrospective observational study enrolled 230 pregnant women with GDM and PE between February 2022 and
February 2025. Participants were divided into an event group (n = 53) and a non-event group (n = 177) based on the occurrence of
adverse neonatal outcomes. Baseline characteristics, inflammatory markers, and placental growth factor (PlGF) levels were collected.
Independent predictive factors were identified using univariate and multivariate logistic regression analyses, with collinearity diagnostics
performed. Receiver operating characteristic (ROC) curves were plotted to evaluate the discriminative performance of individual markers
and combined predictive models. Results: Univariate analysis indicated that fasting blood glucose, PlGF, glycated hemoglobin (HbA1c),
neutrophil-lymphocyte ratio (NLR), systemic immune-inflammatory index (SII), and systemic inflammatory response index (SIRI) were
significantly associated with adverse neonatal outcomes (all p < 0.05). Multivariate logistic regression, after adjustment for collinearity,
identified elevated fasting blood glucose, reduced PlGF, increased HbA1c, and elevated SII as independent risk factors for adverse
neonatal outcomes (all p < 0.001). ROC curve analysis demonstrated that the combinedmodel incorporating these four variables achieved
the highest predictive accuracy, with an area under the curve (AUC) of 0.944 (95% confidence interval [CI]: 0.902–0.986), sensitivity
of 94.3%, and specificity of 84.7%, significantly outperforming individual markers. Conclusion: In pregnant women with GDM and
PE, fasting blood glucose, PlGF, HbA1c, and SII represent independent predictors of adverse neonatal outcomes. A composite panel
integrating metabolic, placental, and inflammatory biomarkers exhibits strong discriminative value and may provide objective evidence
for neonatal risk stratification in this high-risk population, thereby informing targeted clinical management.
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1. Introduction

Gestational diabetes mellitus (GDM) is a leading
metabolic complication during pregnancy, with a steadily
increasing global incidence in recent years [1]. Epidemi-
ological studies indicate that, with recent changes in the
social environment, the age of pregnant women has in-
creased, obesity rates have risen, and assisted reproduc-
tive technologies have been widely adopted; consequently,
the population affected by GDM has expanded [2]. GDM
substantially elevates the risk of pregnancy and perinatal
complications. Additionally, it is strongly associated with
a range of adverse neonatal outcomes, including macroso-
mia, preterm birth, neonatal hypoglycemia, respiratory dis-
tress syndrome, and neonatal intensive care unit (NICU)
admission [3]. Although glycemic control is considered
the cornerstone measure for improving GDM outcomes,

even among pregnant women receiving standardized man-
agement, adverse neonatal outcomes cannot be completely
prevented, suggesting that the underlying mechanisms may
not be solely driven by hyperglycemia [4].

Preeclampsia (PE) is a significant and multifaceted
obstetric disorder characterized by the onset of hyperten-
sion after 20 weeks of gestation, accompanied by protein-
uria or evidence of end-organ dysfunction [5]. PE remains
one of the major causes of maternal and perinatal morbid-
ity and mortality worldwide. In many cases, pregnancy is
terminated prematurely due to medical indications, which
leads to preterm birth, fetal growth restriction (FGR), pla-
cental abruption, and other adverse neonatal outcomes [6].

Notably, GDM and PE frequently coexist in clinical
practice, with overlapping pathophysiological characteris-
tics [7]. Insulin resistance, chronic low-grade inflamma-
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tion, endothelial dysfunction, and oxidative stress are rec-
ognized as key shared mechanisms underlying both con-
ditions [8,9,10]. Evidence indicates that pregnant women
with GDM have a markedly increased risk of developing
PE compared with those without GDM [11]. Moreover, the
coexistence of these two conditions is associated with a fur-
ther increase in the incidence of adverse neonatal outcomes
[12,13]. Specifically, a study by Li et al. [12] demon-
strated that, compared with pregnant women with PE alone,
those with both GDM and PE had a significantly higher risk
of adverse neonatal outcomes, including an approximately
2.5-fold increase in preterm birth and a 1.8-fold increase
in NICU admissions. This marked difference suggests that
the coexistence of these conditions exerts a synergistic ef-
fect, resulting in a risk profile that is not merely additive
but potentially multiplicative. Therefore, predictive mod-
els developed for a single condition may be inadequate for
this high-risk subgroup, underscoring the need for a dedi-
cated risk assessment approach.

However, most current studies continue to analyze
GDM and PE as relatively independent diseases. There
is a lack of systematic investigation focusing on the high-
risk population with coexisting GDM and PE, especially in
terms of neonatal outcome prediction, and a stable, clin-
ically applicable indicator system remains lacking. From
a pathophysiological perspective, placental dysfunction is
considered a central mechanism in the onset and progres-
sion of PE. This process is characterized not only by struc-
tural abnormalities but also by dysregulated angiogenesis at
the maternal-fetal interface, impaired perfusion, and con-
sequent hypoxia and inflammatory cascades [14]. During
this process, placental angiogenic factors and inflammatory
mediators may enter the maternal circulation, forming de-
tectable biological signals [15,16].

In recent years, inflammatory responses and placental-
related biomarkers have emerged as key areas of interest in
perinatal medicine research. Inflammatory markers, such
as C-reactive protein, white blood cell count, and derived
indices, have been closely associated with the onset and
progression of both GDM and PE. Moreover, placental-
derived factors and alterations in placental structure and
function play a critical role in regulating the maternal-fetal
interface and shaping fetal outcomes [17,18,19,20]. How-
ever, most existing studies focus on single disease states
or individual marker categories, with limited integration of
inflammatory and placental-related markers, and few ad-
dress neonatal outcome prediction in patients with coexist-
ing GDM and PE.

Therefore, systematically evaluating the predictive
value of inflammatory responses and placental-related in-
dicators for adverse neonatal outcomes in high-risk preg-
nancies, such as those complicated by both GDM and PE,
is of significant clinical importance. On the one hand, this
approach may deepen our understanding of the patholog-
ical mechanisms at the maternal-fetal interface under co-

existing conditions; on the other hand, it may offer objec-
tive evidence to support early risk stratification and indi-
vidualized perinatal management. Accordingly, this study
aimed to evaluate the predictive value of inflammatory and
placental-related markers for adverse neonatal outcomes in
pregnant women with GDM and PE, to inform improve-
ments in clinical risk assessment and targeted intervention
strategies.

2. Methods
2.1 Study Design and Patients

This retrospective observational study included 230
pregnant women who delivered at Hunan Provincial Peo-
ple’s Hospital, The First Affiliated Hospital of Hunan Nor-
mal University between February 2022 and February 2025
and were diagnosed with GDM complicated by PE. All par-
ticipants were identified through the hospital’s electronic
medical record system, and the corresponding clinical data
and laboratory test results were complete, standardized, and
traceable.

This study adhered to the ethical principles of the
Declaration of Helsinki and was approved by the Medical
Ethics Committee of Hunan Provincial People’s Hospital,
The First Affiliated Hospital of Hunan Normal University
(Approval No.[2026]-050). Given the retrospective design
and the use of de-identified electronic medical record data,
the requirement for informed consent was waived by the
Ethics Committee of Hunan Provincial People’s Hospital,
The First Affiliated Hospital of Hunan Normal University.

The diagnosis of GDM was based on a 75 g oral
glucose tolerance test (OGTT) performed at 24–28 weeks
of gestation, following the criteria established by the In-
ternational Association of Diabetes and Pregnancy Study
Groups. A diagnosis was confirmed if any of the following
thresholds were met: fasting blood glucose ≥5.1 mmol/L,
1-hour post-load blood glucose ≥10.0 mmol/L, or 2-hour
post-load blood glucose ≥8.5 mmol/L [21].

The diagnosis of PE was established based on the cri-
teria outlined in the Guidelines for the Diagnosis and Treat-
ment of Hypertensive Disorders in Pregnancy (2020), con-
sistent with the current consensus of the American College
of Obstetricians and Gynecologists (ACOG). Diagnostic
criteria included new-onset hypertension after 20 weeks of
gestation, defined as systolic blood pressure ≥140 mmHg
and/or diastolic blood pressure ≥90 mmHg, measured on
at least two occasions at least 4 hours apart. This was ac-
companied either by proteinuria (≥300 mg/24 h) or, in the
absence of proteinuria, by evidence of end-organ dysfunc-
tion, including renal impairment, abnormal liver function,
thrombocytopenia, pulmonary edema, or new-onset cere-
bral or visual symptoms [22,23].

The inclusion criteria were as follows: (1) meeting the
diagnostic criteria for both GDM and PE; (2) gestational
age at delivery ≥28 weeks; and (3) availability of complete
clinical data and perinatal outcome records during preg-
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nancy. The exclusion criteria were: (1) pre-existing chronic
hypertension, gestational diabetes mellitus, chronic kidney
disease, cardiovascular disease, or severe hepatic dysfunc-
tion; (2) autoimmune disorders, active infections, malig-
nant tumors, or other systemic inflammatory conditions; (3)
missing or incomplete key laboratory indicators. Based on
neonatal outcomes, participants were divided into an ad-
verse neonatal outcome group and a non-adverse neonatal
outcome group.

Adverse neonatal outcomes were defined as the oc-
currence of any of the following events after birth [24]:
preterm birth (<37 weeks of gestation); stillbirth; neona-
tal death (within 28 days postpartum); a 5-minute Ap-
gar score <7; neonatal metabolic acidosis (umbilical ar-
terial pH <7.0 and base excess ≤−16 mmol/L); hypoxic-
ischemic encephalopathy; necrotizing enterocolitis (Bell
stage II or higher); intraventricular hemorrhage (grade III
or IV); bronchopulmonary dysplasia (grade III or IV); or
admission to the neonatal intensive care unit (NICU) due
to severe complications. Because preterm birth was in-
corporated as a component of adverse neonatal outcomes,
gestational age at delivery differed inherently between the
event and non-event groups by definition. Therefore, it
was not included in subsequent statistical analyses to avoid
collinearity and overadjustment.

2.2 Collection of Baseline Data and Laboratory Indicators
All laboratory indicators were obtained from the elec-

tronic medical records of the study subjects during routine
prenatal examinations and hospitalizations. Blood samples
were collected during routine follow-up visits or hospital
admissions after the diagnosis of GDM and PE and prior to
delivery. In this study, all blood samples were obtained be-
tween 24 and 36 weeks of gestation, consistent with routine
prenatal care and disease monitoring schedules. All sam-
ples were analyzed by the hospital’s laboratory department
following standardized operating procedures and quality
control measures.

Peripheral venous blood samples were collected in
the morning under fasting conditions to evaluate complete
blood count parameters and inflammation-related markers.
A fully automated hematology analyzer (Sysmex Corpora-
tion, Kobe, Japan) was used to determine neutrophil, lym-
phocyte, monocyte, and platelet counts. C-reactive protein
(CRP) levels were measured using immunoturbidimetric
methods, while glycated hemoglobin (HbA1c) was quan-
tified by high-performance liquid chromatography (HPLC)
and expressed as a percentage (%). Placental growth fac-
tor (PlGF) levels were determined using enzyme-linked im-
munosorbent assay (ELISA) (Shanghai Zhen Ke Biological
Technology Co., Shanghai, China).

Based on peripheral blood cell count results, several
derived inflammatory markers reflecting systemic inflam-
matory status were further calculated, including:

The neutrophil-lymphocyte ratio (NLR), defined as
neutrophil count divided by lymphocyte count.

The platelet-to-lymphocyte ratio (PLR), defined as
platelet count divided by lymphocyte count.

The monocyte-to-lymphocyte ratio (MLR), defined as
monocyte count divided by lymphocyte count.

The systemic immune-inflammation index (SII), cal-
culated as neutrophil count × platelet count ÷ lymphocyte
count.

The systemic inflammatory response index (SIRI),
calculated as neutrophil count × monocyte count ÷ lympho-
cyte count.

All inflammation-related indices were derived from
blood test results obtained at the same time point to min-
imize potential bias arising from temporal variability.

Baseline clinical data were also collected as covari-
ates, including maternal age, pre-pregnancy or early preg-
nancy body mass index (BMI), history of miscarriage, fam-
ily history of hypertension, family history of diabetes, par-
ity (primiparous or multiparous), and plurality (singleton or
multiple gestation). All data were extracted from the elec-
tronic medical record system and independently verified by
two investigators to ensure data integrity and accuracy.

2.3 Statistical Analysis
Statistical analyses were conducted using SPSS ver-

sion 24.0 (IBM Corp., Armonk, NY, USA) and R ver-
sion 4.2.2 (R Foundation for Statistical Computing, Vienna,
Austria). Data distribution was initially evaluated using
the Kolmogorov-Smirnov test, and homogeneity of vari-
ance was assessed using Levene's test. Continuous vari-
ables with a normal distribution and homoscedasticity are
presented as mean ± standard deviation (x̄ ± SD), and inter-
group comparisons were performed using the independent-
samples t-test. Non-normally distributed continuous vari-
ables are reported as median with interquartile range [M
(Q1, Q3)], with comparisons performed using the Mann-
Whitney U test. Categorical variables are presented as fre-
quencies and percentages, and intergroup differences were
evaluated using the chi-square (χ2) test, with Yates’ conti-
nuity correction applied where appropriate.

Participants were categorized into two groups based
on the presence or absence of adverse neonatal outcomes.
To evaluate associations between inflammatory markers,
placental-related indicators, clinical characteristics, and
adverse neonatal outcomes, univariate logistic regression
analysis was initially performed. Variables with p < 0.05
in univariate analyses were then entered into a multivariate
logistic regression model using a backward stepwise elim-
ination approach to identify independent predictors. Mul-
ticollinearity among the candidate variables was assessed
prior to model construction using variance inflation factors
(VIFs), with VIF < 5 indicating no significant collinearity.

To evaluate the discriminative performance of individ-
ual markers identified in the multivariate model, receiver
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Table 1. Comparison of baseline data between the two groups of patients.
Variables Non-event group (n = 177) Event group (n = 53) Statistic p-value

BMI (kg/m2) 25.12 ± 3.46 25.81 ± 3.01 t = 1.328 0.186
Age (years) 31.94 (28.60–34.79) 31.76 (28.32–34.69) Z = 0.139 0.890
CRP (mg/L) 2.68 ± 1.31 3.07 ± 1.13 t = 1.978 0.049
Neutrophils (/mm3) 4479.27 ± 931.76 6813.81 ± 2284.68 t = 7.260 <0.001
Lymphocytes (/mm3) 1877.09 ± 508.16 2004.79 ± 545.16 t = –1.578 0.116
Monocytes (/mm3) 548.75 ± 137.23 615.12 ± 192.83 t = –2.335 0.022
Platelets (/mm3) 236,123.40 ± 37,068.53 244,880.84 ± 59,974.92 t = –1.007 0.318
PlGF (pg/mL) 128.67 ± 31.54 95.89 ± 26.69 t = 6.864 <0.001
HbA1c (%) 5.90 ± 0.77 6.76 ± 0.97 t = –6.713 <0.001
Fasting blood glucose (mg/dL) 100.23 (88.66–111.66) 118.13 (106.16–135.24) Z = 6.276 <0.001
NLR 2.46 (1.84–3.10) 3.64 (2.62–4.30) Z = 4.991 <0.001
PLR 128.39 (100.91–156.13) 123.50 (95.75–159.83) Z = 0.645 0.519
MLR 0.29 (0.23–0.37) 0.28 (0.21–0.41) Z = 0.139 0.890
SII 562,991.28 (443,179.49–735,631.39) 844,786.73 (614,613.79–1,074,434.56) Z = 4.793 <0.001
SIRI 1291.01 (998.62–1713.94) 1999.45 (1361.24–2944.23) Z = 4.718 <0.001
History of miscarriage, n (%) χ2 = 2.214 0.137
No 160 (90.40) 44 (83.02)
Yes 17 (9.60) 9 (16.98)

Parity, n (%) χ2 = 0.095 0.758
Primiparous 123 (69.49) 38 (71.70)
Multiparous 54 (30.51) 15 (28.30)

Family history of hypertension, n (%) χ2 = 0.414 0.520
No 144 (81.36) 41 (77.36)
Yes 33 (18.64) 12 (22.64)

Family history of diabetes, n (%) χ2 = 0.250 0.617
No 161 (90.96) 50 (94.34)
Yes 16 (9.04) 3 (5.66)

Number of fetuses, n (%) χ2 = 1.105 0.293
Single 164 (92.66) 46 (86.79)
Multiple births 13 (7.34) 7 (13.21)

Abbreviations: BMI, body mass index; CRP, C-reactive protein; PlGF, placental growth factor; HbA1c, glycated hemoglobin; NLR,
neutrophil-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; SII, systemic immune-inflammatory
index; SIRI, systemic inflammatory response index.

operating characteristic (ROC) curves were generated, and
the area under the curve (AUC) was calculated. A com-
bined predictive model based on multivariate logistic re-
gression analysis was further established, and its overall
predictive performance was evaluated using a composite
ROC curve. All statistical tests were two-sided, and p-
values < 0.05 were considered statistically significant.

3. Results
3.1 Baseline Data Analysis

This study included 230 pregnant women with gesta-
tional diabetes mellitus and preeclampsia. According to the
occurrence of adverse neonatal outcomes, participants were
divided into a non-event group (177 cases) and an event
group (53 cases). A comparative analysis of sociodemo-
graphic characteristics and relevant clinical indicators be-
tween the two groups is presented in Table 1.

As shown in Table 1, the two groups were comparable
in age, BMI, lymphocyte and platelet counts, PLR, MLR,
history of miscarriage, parity, family history of hyperten-
sion or diabetes, and plurality (all p > 0.05). In contrast,
significant differences were observed in several metabolic
and inflammatory parameters. Notably, levels of CRP,
fasting blood glucose, neutrophil count, monocyte count,
HbA1c, NLR, SII, and SIRI were significantly higher in
the event group compared with the non-event group (all p
< 0.05), whereas PlGF levels were markedly lower in the
event group (p < 0.001).

3.2 Univariate Regression Analysis

To preliminarily identify potential predictive factors,
univariate logistic regression analysis was performed for
each variable. In the analysis of inflammatory markers,
given that individual blood cell counts (e.g., neutrophils and
lymphocytes) are components of composite inflammatory
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Table 2. Univariate logistic regression analysis.
Variables β SE Z p-value OR (95% CI)

History of miscarriage
No 1.000 (Reference)
Yes 0.655 0.446 1.469 0.142 1.925 (0.803–4.614)

Parity
Primiparous 1.000 (Reference)
Multiparous –0.106 0.346 0.307 0.759 0.899 (0.456–1.771)

Family history of hypertension
No 1.000 (Reference)
Yes 0.245 0.381 0.643 0.521 1.277 (0.606–2.694)

Family history of diabetes
No 1.000 (Reference)
Yes –0.505 0.650 0.777 0.437 0.604 (0.169–2.157)

Number of fetuses
Single 1.000 (Reference)
Multiple births 0.652 0.498 1.311 0.190 1.920 (0.724–5.091)

Age 0.013 0.035 0.360 0.719 1.013 (0.945–1.086)
BMI 0.062 0.047 1.323 0.186 1.064 (0.971–1.166)
Fasting blood glucose 0.062 0.011 5.910 <0.001 1.064 (1.043–1.087)
CRP 0.239 0.122 1.952 0.051 1.270 (0.999–1.614)
PlGF –0.036 0.006 5.706 <0.001 0.964 (0.953–0.977)
HbA1c 1.171 0.211 5.539 <0.001 3.225 (2.131–4.882)
NLR 0.688 0.143 4.814 <0.001 1.989 (1.503–2.631)
PLR –0.002 0.003 0.703 0.482 0.998 (0.991–1.004)
MLR 1.211 1.149 1.054 0.292 3.357 (0.353–31.885)
SII 0.001 0.000 4.763 <0.001 1.001 (1.001–1.001)
SIRI 0.001 0.000 5.096 <0.001 1.001 (1.001–1.001)

Abbreviations: OR, odds ratio; CI, confidence interval; SE, standard error.

indices (such as NLR and PLR), these composite indicators
were preferentially included to minimize multicollinearity
and improve model stability. The final results are presented
in Table 2. Fasting blood glucose, PlGF, HbA1c, NLR, SII,
and SIRI were significantly associated with adverse neona-
tal outcomes (all p < 0.05).

3.3 Multivariate Logistic Regression Analysis
All variables with statistical significance in the uni-

variate analysis (fasting blood glucose, PlGF, HbA1c,
NLR, SII, and SIRI) were included in the initial multivariate
logistic regression model. Variance inflation factor anal-
ysis indicated that NLR exhibited collinearity with other
inflammatory markers (VIF >5) and that its regression co-
efficients were unstable. To optimize model performance
and ensure robustness, NLR was excluded, and the model
was reconstructed using the remaining variables. Follow-
ing stepwise regression screening, SIRI was also excluded
due to collinearity. The final model results are presented in
Table 3.

After adjustment for potential confounders, elevated
fasting blood glucose, increased HbA1c, elevated systemic
immune-inflammatory index (SII), and reduced placental

growth factor were identified as independent risk factors for
adverse neonatal outcomes in pregnant women with GDM
and PE (all p < 0.05). Multicollinearity diagnostics for all
variables retained in the final model yielded variance infla-
tion factor values <5, indicating the absence of significant
collinearity and supporting the stability and reliability of the
model.

3.4 ROC Curve Analysis of Predictive Performance
To evaluate and compare the discriminative perfor-

mance of each predictor, ROC curves were constructed.
Based on the independent predictors identified in the multi-
variate regression analysis, a combined predictive probabil-
ity was calculated using the regression coefficients of four
variables: fasting blood glucose, PlGF, HbA1c, and SII. For
comparative analysis, ROC curves for each of the four in-
dividual indicators were also plotted. The area under the
curve (AUC) values and comparative results are presented
in Table 4 and Fig. 1. The combined model comprising the
four indicators demonstrated the highest predictive perfor-
mance. At the optimal cutoff value, the combined model
achieved a sensitivity of 94.3% and a specificity of 84.7%,
outperforming each predictor.
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Table 3. Multivariate logistic regression analysis.
Variables β SE Z p-value VIF OR (95% CI)

Fasting blood glucose 0.085 0.017 4.957 <0.001 1.099 1.089 (1.053–1.126)
PlGF –0.042 0.009 4.461 <0.001 1.058 0.959 (0.942–0.977)
HbA1c 1.566 0.313 5.001 <0.001 1.074 4.787 (2.591–8.842)
SII 0.001 0.000 3.610 <0.001 1.887 1.001 (1.001–1.001)
Abbreviation: VIF, variance inflation factor. For SII, the odds ratio (OR) and 95% confi-
dence interval (CI) are presented per one-unit increase.

Table 4. ROC curve analysis of individual indicators and the combined predictive model for adverse neonatal outcomes.
Variables AUC 95% CI Sensitivity (%) Specificity (%)

Combined indicator panel 0.944 0.902–0.986 94.3 84.7
Fasting blood glucose 0.784 0.714–0.854 67.8 75.5
PlGF 0.783 0.717–0.850 65.5 79.2
HbA1c 0.759 0.679–0.839 78.5 67.9
SII 0.717 0.633–0.801 84.2 52.8
Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve.

Fig. 1. ROC curve analysis for predicting adverse neonatal outcomes.

4. Discussion

GDMand PE are both common complications of preg-
nancy. Previous studies have demonstrated that GDM can
significantly increase the risk of PE by exacerbating insulin
resistance, promoting chronic low-grade inflammation, and
inducing endothelial dysfunction; when both conditions co-
exist, their adverse effects on maternal and fetal outcomes

often exhibit additive or even synergistic effects [25,26].
Adverse neonatal outcomes, as one of the most direct and
clinically relevant indicators of pregnancy complications,
are closely linked to perinatal management decisions and
long-term health outcomes. Therefore, identifying a stable,
reproducible, and clinically applicable predictive indicator
system for the high-risk population with GDM combined
with PE is of considerable significance.

6

https://www.imrpress.com


In the present study, we systematically evaluated
the potential value of inflammation-related indicators and
placental-related biomarkers in predicting adverse neona-
tal outcomes in a cohort of pregnant women with GDM
and PE without severe characteristics, admitted to a sin-
gle center between February 2022 and February 2025. The
results showed that, compared with the non-event group,
pregnant women in the adverse outcome group had signifi-
cantly higher levels of fasting blood glucose, HbA1c, NLR,
SII, and SIRI, while PlGF levels were significantly lower.

Further univariate logistic regression analysis indi-
cated that fasting blood glucose, PlGF, HbA1c, NLR, SII,
and SIRI were all significantly associated with adverse
neonatal outcomes. In the multivariate regression model,
fasting blood glucose, PlGF, HbA1c, and SII remained in-
dependent predictors. The VIF for each variable in the
model was within an acceptable range, indicating no sig-
nificant multicollinearity. The combined panel constructed
based on these independent predictors demonstrated excel-
lent discriminative performance in ROC analysis, with an
AUC higher than that of any single indicator, suggesting
strong potential for clinical application.

The core metabolic features of GDM are insulin resis-
tance and impaired glucose metabolism. A persistent hy-
perglycemic state not only directly affects fetal energy sup-
ply and metabolic homeostasis but also impairs placental
function by promoting oxidative stress and inflammatory
responses [10,27]. In this study, fasting blood glucose and
HbA1c were both important indicators of glycemic control
during pregnancy. In multivariate analysis, they emerged
as independent risk factors for adverse neonatal outcomes,
suggesting that even in the absence of severe PE, inadequate
glycemic controlmay still increase the risk of neonatal com-
plications through placental dysfunction or imbalance at the
maternal-fetal interface. The study by Yang et al. [28] in-
dicates that glycemic control during pregnancy in patients
with gestational diabetes mellitus adversely affects the ma-
ternal and neonatal outcomes, consistent with the findings
of the present study.

PlGF, as a placental-derived pro-angiogenic factor,
plays a key role in maintaining normal placental vascular
development and adequate perfusion at the maternal-fetal
interface. The study by Tousty et al. [29] suggests that the
onset and progression of PE are accompanied by reduced
PlGF levels and angiogenic imbalance, and that the degree
of PlGF reduction is closely associated with adverse preg-
nancy outcomes. The present study further demonstrates
that, in the specific population with coexisting GDM and
PE, PlGF remains an independent protective factor against
adverse neonatal outcomes, and its decreased level is signif-
icantly associated with increased risk. Although this study
did not directly evaluate placental histopathological alter-
ations, PlGF, as a quantifiable biomarker of placental func-
tion, is practically applicable for reflecting the functional
status of thematernal-fetal interface and predicting neonatal

outcomes, and provides a basis for its broader application
in high-risk pregnancy populations.

Inflammation plays a central role in the shared patho-
physiology of GDM and PE. Chronic low-grade inflamma-
tion may adversely affect the intrauterine growth environ-
ment by disrupting insulin signaling, vascular endothelial
function, and placental perfusion through multiple mecha-
nisms. In this study, several composite inflammatory mark-
ers (NLR, SII, SIRI) derived from peripheral blood cell
counts were significantly elevated in the adverse outcome
group, and SII retained independent predictive value in
multivariate regression analysis. SII integrates information
from neutrophils, platelets, and lymphocytes, thereby re-
flecting the dynamic balance between inflammatory acti-
vation and immune regulation. Its consistent performance
in this study suggests that it may be more suitable for risk
stratification in complex pregnancy conditions than individ-
ual inflammatory markers. This finding is generally consis-
tent with previous studies on the clinical application value
of inflammatory markers in PE and GDM, and further ex-
tends their applicability to populations with coexisting con-
ditions.

Notably, the combined model constructed in this
study integrates metabolic indicators (fasting blood glu-
cose, HbA1c), PlGF, and SII, demonstrating significantly
superior predictive performance compared with individual
indicators in ROC analysis. These findings suggest that ad-
verse neonatal outcomes inGDMcomplicated by PE are not
driven by a single pathological pathway, but rather reflect
the combined effects of multiple functional abnormalities.
Integrating information across different biological dimen-
sions allows a more comprehensive assessment of the true
disease risk and is more consistent with the multifactorial
nature of clinical conditions.

From a clinical practice perspective, the above indica-
tors are all derived from laboratory data obtainable during
routine prenatal examinations or hospitalization. The test-
ing methods are standardized, widely available, and rela-
tively low-cost, supporting their potential for broad clinical
application. In clinical management, for pregnant women
with GDM and PE, poor glycemic control, markedly re-
duced PlGF levels, and persistently elevated SII may indi-
cate an increased risk of adverse neonatal outcomes. This
may assist obstetricians in implementing more proactive
risk assessment and management strategies, including opti-
mization of delivery timing, enhanced neonatal monitoring,
and multidisciplinary collaboration.

However, this study has limitations. First, it is a
single-center retrospective study with a relatively limited
sample size, which may introduce selection bias and re-
strict the generalizability of the findings. Additionally, be-
cause preterm birth is included as a component of the com-
posite adverse neonatal outcome, gestational age at deliv-
ery was not adjusted for in the regression model; conse-
quently, the extent to which the predictive value of the iden-
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tified markers is independent of gestational age cannot be
fully determined. Future studies with larger sample sizes
should consider subgroup analyses restricted to term deliv-
eries or the application of competing risk models to further
validate whether these markers retain predictive value be-
yond the influence of prematurity. The absence of an ex-
ternal validation cohort represents an important limitation,
as it precludes evaluation of the stability and reproducibil-
ity of the predictive performance across different popula-
tions. Accordingly, further validation through multicenter,
large-sample studies is warranted. Second, although ad-
verse neonatal outcomes were defined as a composite end-
point based on shared pathophysiological mechanisms and
to ensure adequate statistical power, stratified analyses ac-
cording to outcome type or severity were not performed
due to the limited sample size. Future studies with larger
cohorts are required to determine whether the predictive
value of these markers differs across specific outcomes.
Third, although this study included several inflammatory
and placental-related indicators, it did not dynamically as-
sess their longitudinal changes at different stages of preg-
nancy, thus failing to reflect the time-series characteristics
of these indicators as the disease progresses. Furthermore,
other angiogenesis-related factors, such as soluble fms-like
tyrosine kinase-1 (sFlt-1), were not included, and placen-
tal histopathological validation was not performed; there-
fore, the assessment of placental functional status relied
primarily on serological indicators. Finally, although the
combined indicator panel demonstrated strong discrimina-
tive performance, its clinical utility in prospective decision-
making requires further validation.

5. Conclusion
In summary, this study demonstrates that metabolic

dysregulation, enhanced systemic inflammatory response,
and imbalance in placental function-related factors are
closely associated with adverse neonatal outcomes in preg-
nant women with GDM and PE. Fasting blood glucose,
HbA1c, PlGF, and SII may serve as independent predic-
tors, and the combined panel of these parameters exhibits
high predictive performance in assessing the risk of ad-
verse neonatal outcomes. These findings provide novel in-
sights into neonatal risk stratification in GDM patients with
PE and establish a basis for future development of indi-
vidualized perinatal management strategies based on multi-
indicator integration. These predictive indicators may help
reduce the incidence of perinatal mortality in clinical prac-
tice.

Key Points
• The coexistence of gestational diabetes mellitus and

preeclampsia creates a synergistic pathological state char-
acterized by metabolic dysregulation, systemic inflamma-
tion, and placental dysfunction, which collectively con-

tribute to an elevated risk of adverse neonatal outcomes be-
yond that associated with either condition alone.

• Fasting blood glucose, glycated hemoglobin, placen-
tal growth factor, and the systemic immune-inflammatory
index were identified as independent predictors of adverse
neonatal outcomes in this high-risk population, reflecting
the multifactorial nature of the underlying pathophysiolog-
ical mechanisms.

• The combined predictive model integrating
metabolic, inflammatory, and placental biomarkers
demonstrated superior discriminatory ability compared to
any single indicator, highlighting the value of a multidi-
mensional approach for risk stratification in pregnancies
complicated by both gestational diabetes mellitus and
preeclampsia.

• These readily available laboratory markers offer a
practical and cost-effective strategy for early identifica-
tion of high-risk pregnancies, facilitating timely clinical
decision-making and individualized perinatal management
to improve neonatal outcomes.
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