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Abstract

Background: Gestational diabetes mellitus (GDM) is a common pregnancy complication associated with adverse maternal and neonatal
outcomes. The identification of novel biomarkers for GDM remains an important clinical objective. The aim of this study was to
investigate whether maternal serum periostin levels measured between 24 and 28 weeks of gestation could serve as a biomarker for
the diagnosis of GDM and to evaluate their association with maternal and neonatal outcomes. Methods: This case-control study was
conducted at Samsun Training and Research Hospital between January 2024 and February 2025. Serum periostin levels were measured
by enzyme-linked immunosorbent assay (ELISA). Results: Serum periostin levels were significantly higher in the GDM group than in
the control group (101.4 (53.6) vs. 34.6 (23.9) ng/mL, p <0.001). Correlation analysis revealed that serum periostin levels were positively
correlated with fasting glucose (r =0.453, p <0.001), 1-hour oral glucose tolerance test (OGTT) (r = 0.525, p <0.001), 2-hour OGTT (r=
0.481, p <0.001), maternal body mass index (BMI) (r=10.750, p <0.001), and fetal birth weight (r=0.351, p <0.001). Receiver operating
characteristic (ROC) curve analysis demonstrated excellent diagnostic performance for serum periostin (area under the curve [AUC] =
0.932, 95% confidence interval [CI]: 0.899-0.966, p < 0.001). The multivariable model showed even higher diagnostic accuracy (AUC
=0.976, 95% CI: 0.957-0.994, p < 0.001). Conclusions: Maternal serum periostin levels are significantly associated with the presence
of GDM and adverse perinatal outcomes. These findings suggest that periostin may represent a potentially useful biomarker associated
with GDM; however, its role in screening or prediction requires further prospective validation.
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1. Introduction

Gestational diabetes mellitus (GDM) is defined as
glucose intolerance that develops during pregnancy or is
first recognized during pregnancy [1]. Its pathogenesis in-
volves insulin resistance and beta cell dysfunction, which
are further exacerbated by the proinflammatory and hor-
monal changes associated with pregnancy [2,3]. GDM af-
fects approximately 14% of pregnancies worldwide; how-
ever, prevalence rates vary according to population char-
acteristics and diagnostic criteria [4]. Factors such as ad-

single-step approach involving a 75 g oral glucose tolerance
test (OGTT), whereas the American College of Obstetri-
cians and Gynecologists (ACOG) recommends a two-step
protocol consisting of a 50 g glucose challenge test followed
by a 100 g OGTT for diagnostic purposes [2,10,11]. These
differences contribute to inconsistencies in diagnosis and
reported prevalence rates, thereby complicating compara-
tive research and public health policies. Therefore, there
is a continuing need for a standardized screening strategy
that balances sensitivity and specificity and can be applied

vanced maternal age, obesity and ethnicity play a role in
the increasing prevalence of GDM [5,6,7]. GDM is a ma-
jor public health concern not only due to its increasing
prevalence but also due to its association with maternal and
foetal complications, including macrosomia, birth trauma,
shoulder dystocia, and preeclampsia. Despite its increasing
clinical importance, no universally accepted gold standard
screening test for GDM exists [8,9]. Various organizations
propose different screening strategies, leading to variations
in clinical practice worldwide. The International Associa-
tion of Diabetes and Pregnancy Study Groups (IADPSG)
and the World Health Organisation (WHO) recommend a

consistently across diverse clinical settings [12,13,14].

Periostin is a matrix cell protein encoded by the
POSTN gene, notable for its role in metabolic and inflam-
matory pathways [15]. It is expressed in tissues such as the
heart, lungs, bone, blood vessels and skin, and is involved
in extracellular matrix remodeling, wound healing, fibro-
sis, and inflammatory responses [16]. A recent study has
shown that periostin contributes to obesity-related inflam-
mation and insulin resistance via the PI3K/Akt and TGF-
beta signalling pathways [17]. Experimental models have
demonstrated that periostin expression increases in adipose
and hepatic tissues under metabolic stress conditions [18].
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Furthermore, periostin has been reported to disrupt insulin
signalling by promoting proinflammatory cytokine release
and inducing matrix stiffening [19,20].

Insulin sensitivity decreases physiologically during
pregnancy, making the potential effects of periostin partic-
ularly relevant in this context. Recent clinical studies have
demonstrated a significant association between serum pe-
riostin levels and GDM [21,22]. Due to its role in insulin
resistance and inflammation, periostin is being evaluated as
a potential biomarker for the early detection and risk classi-
fication of GDM. In this study, we investigated the associ-
ation between serum periostin levels and GDM, evaluated
their diagnostic performance, and examined their relation-
ship with GDM-related complications.

2. Materials and Methods
2.1 Study Design

This observational case-control study was performed
at the Department of Obstetrics and Gynecology, Sam-
sun Training and Research Hospital, between January 2024
and February 2025. Ethical approval was obtained from
the Samsun University Clinical Research Ethics Committee
(Approval No.: SUKAEK2023 20/20; November 1, 2023),
and written informed consent was obtained from all par-
ticipants before enrollment. All study procedures were per-
formed in accordance with the ethical principles of the Dec-
laration of Helsinki. The primary objective was to inves-
tigate the association between second-trimester maternal
serum periostin concentrations and the presence of GDM.

2.2 Participants

Eligible participants were women aged 18—45 years
with singleton pregnancies who underwent routine screen-
ing with a 75 g OGTT between 24 + 0 and 28 + 6 weeks of
gestation. Participants were classified into either the GDM
group or the healthy control group according to their OGTT
results. GDM was diagnosed according to the IADPSG
recommendations [23]. Following an overnight fast of at
least 8 hours, a fasting venous blood sample was collected.
Participants then ingested a 75 g glucose solution within
5 minutes, and additional venous blood samples were col-
lected at 1 and 2 hours after glucose administration. GDM
was diagnosed when one or more of the following plasma
glucose thresholds were met or exceeded: fasting glucose
=92 mg/dL, 1-hour glucose =180 mg/dL, or 2-hour glu-
cose =153 mg/dL. Gestational age was determined primar-
ily from the first day of the last menstrual period and was
confirmed by first-trimester ultrasonography when men-
strual dating was unavailable or considered unreliable.

Women were excluded if they had preexisting dia-
betes mellitus, chronic hypertension, autoimmune or in-
flammatory disorders, renal, hepatic, or cardiovascular dis-
ease, multiple gestation, fetal structural anomalies detected
by ultrasonography, smoking or substance use during preg-
nancy, treatment with medications known to affect glucose

metabolism, or any systemic condition considered capable
of altering maternal or fetal metabolic status.

A total of 190 pregnant women were initially assessed
for eligibility. Of these, 15 women were excluded: 3 due
to preexisting diabetes mellitus, 2 due to chronic hyperten-
sion, 2 due to autoimmune or inflammatory disorders, 1 due
to renal, hepatic, or cardiovascular disease, 2 due to multi-
ple gestation, 1 due to fetal structural anomalies, 3 due to
smoking or substance use during pregnancy, and 1 due to
the use of medications known to affect glucose metabolism.
No participants were excluded because of other systemic
conditions considered capable of altering maternal or fe-
tal metabolic status. Finally, 175 women were included in
the study, comprising 86 women with GDM and 89 healthy
controls.

2.3 Data Collection

Maternal demographic characteristics, obstetric his-
tory, biochemical measurements, and neonatal outcomes
were prospectively recorded for all participants. Collected
variables included maternal age, gravidity, parity, prepreg-
nancy body mass index (BMI), gestational age at delivery,
mode of delivery (vaginal birth or cesarean section), neona-
tal birth weight, fasting and post-load glucose concentra-
tions measured during the 75 g OGTT (0-, 1-, and 2-hour
values), insulin therapy during pregnancy, serum periostin
concentration, 1- and 5-minute Apgar scores, the occur-
rence of meconium-stained amniotic fluid (MSAF), neona-
tal intensive care unit (NICU) admission, and the require-
ment for neonatal intubation.

2.4 Sample Collection and Laboratory Analysis

Additionally, a 5 mL maternal venous blood sample
was collected during the OGTT. Blood samples were col-
lected into serum separator tubes, allowed to stand at room
temperature for 30 minutes, and centrifuged at 3000 rpm for
10 minutes. The serum was aliquoted and stored at —80 °C
until analysis. Serum periostin levels were measured using
a commercial Human Periostin enzyme-linked immunosor-
bent assay (ELISA) kit (BT Lab, Cat. No. E3226Hu,
Shanghai, China) according to the manufacturer’s instruc-
tions. The intra-assay and inter-assay coefficients of vari-
ation reported by the manufacturer were within accept-
able limits, supporting the reliability and reproducibility of
the measurements. All measurements were performed us-
ing a standardized ELISA protocol, minimizing operator-
dependent variability.

2.5 Statistical Analysis

Prior to the study initiation, a sample size analysis was
performed using G*Power version 3.1.9.7 (Heinrich Heine
University Diisseldorf, Diisseldorf, Germany). The analy-
sis was based on an effect size of Cohen’s d = 0.5, a two-
tailed significance level of 5% (a = 0.05) and a statisti-
cal power of 90% (1—8 = 0.90). The analysis determined
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that at least 85 participants were required in each group.
Due to the limited availability of prior data on periostin
in GDM populations, a conventional medium effect size
was assumed. Statistical analyses were conducted using
SPSS version 25.0 (IBM Corp., Armonk, NY, USA). Con-
tinuous variables were presented as the median (interquar-
tile range [IQR]), whereas categorical variables were pre-
sented as frequency (n, %). The normality of the continuous
variables was assessed using the Kolmogorov—Smirnov and
Shapiro—Wilk tests. Categorical variables were compared
using the chi-squared test or Fisher’s exact test, as appropri-
ate, whereas continuous variables were compared using the
Mann—Whitney U test. The relationship between serum pe-
riostin levels and continuous variables was assessed using
Spearman’s correlation analysis. Univariate and multivari-
ate logistic regression analyses were performed to identify
factors independently associated with GDM. Variables in-
cluded in the multivariable model, such as maternal age,
maternal BMI, gravidity, parity, and serum periostin level,
were selected based on their established clinical relevance
and/or statistical significance in the univariate analysis to
control for potential confounding effects. The diagnostic
performance of serum periostin levels and the multivariate
logistic regression model was assessed using receiver op-
erating characteristic (ROC) curve analysis. The area un-
der the curve (AUC), 95% confidence interval (CI), optimal
cutoff value determined using the Youden index, sensitivity,
specificity, positive predictive value (PPV) and negative
predictive value (NPV) were calculated. A two-tailed p-
value of <0.05 was considered statistically significant. All
ROC analyses, including cutoff determination, sensitivity,
specificity, PPV, and NPV calculations, were performed on
the same study population. No internal or external valida-
tion (e.g., cross-validation or bootstrapping) was applied.

3. Results

A total of 175 pregnant women were included in the
study, comprising 86 women diagnosed with GDM and 89
women with normal glucose tolerance. Baseline mater-
nal characteristics, perinatal outcomes, and biochemical pa-
rameters of the study population are summarized in Table
1. No statistically significant differences were observed be-
tween the groups in terms of maternal age and gestational
age at delivery (p = 0.544 and p = 0.989, respectively).
However, women in the GDM group exhibited significantly
higher BMI, gravidity, and parity compared with the con-
trol group (all p < 0.001). Fetal birth weight was signif-
icantly greater in the GDM group (p < 0.001). Similarly,
all glucose measurements obtained during the OGTT (fast-
ing, 1-hour, and 2-hour values) were significantly elevated
in patients with GDM (all p < 0.001). Regarding neonatal
outcomes, the 5S-minute Apgar score was slightly but sig-
nificantly lower in the GDM group (p = 0.037), whereas no
significant difference was observed for the 1-minute Ap-
gar score (p = 0.100). Serum periostin levels were signifi-
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cantly higher in the GDM group than in the control group
(101.4 (53.6) vs. 34.6 (23.9) ng/mL, p < 0.001), indicat-
ing a strong association between periostin and gestational
glucose dysregulation. Regarding obstetric outcomes, the
cesarean section rate was significantly higher in the GDM
group than in the control group (50.0% vs. 15.7%, p <
0.001). Additionally, NICU admission was more frequent
among infants born to mothers with GDM (20.9% vs. 7.9%,
p =0.024). No statistically significant differences were de-
tected between the groups regarding the rates of MSAF (p
= 0.108) or neonatal intubation (p = 0.188).

In Table 2, serum periostin levels were evaluated ac-
cording to obstetric and neonatal outcomes. Women who
underwent cesarean delivery exhibited significantly higher
serum periostin levels compared with those who deliv-
ered vaginally (85.2 (71.3) ng/mL vs. 49.4 (61.5) ng/mL,
p < 0.001). Similarly, cases with MSAF demonstrated
markedly increased periostin levels compared with those
without meconium staining (143.4 (56.5) ng/mL vs. 56.0
(61.4) ng/mL, p < 0.001). Serum periostin levels were
also significantly elevated in neonates requiring intubation
compared with those who did not require intubation (140.6
(56.9) ng/mL vs. 56.0 (62.0) ng/mL, p <0.001). Further-
more, periostin levels were significantly higher in cases re-
quiring NICU admission than those without NICU admis-
sion (135.3 (54.0) ng/mL vs. 50.5 (53.6) ng/mL, p <0.001).

Spearman correlation analysis demonstrated that
serum periostin levels were positively correlated with fast-
ing blood glucose, 1-hour and 2-hour OGTT glucose lev-
els, maternal BMI, and fetal birth weight, with all corre-
lations reaching statistical significance (p < 0.001). The
strongest correlation was observed between serum periostin
levels and maternal BMI (r = 0.750), followed by correla-
tions with 1-hour OGTT glucose (r = 0.525), 2-hour OGTT
glucose (r = 0.481), fasting blood glucose (r = 0.453), and
fetal birth weight (r = 0.351), as summarized in Table 3.

In the univariate logistic regression analysis, mater-
nal BMI (odds ratio [OR] = 1.121, 95% CI: 1.061-1.185,
p <0.001), gravidity (OR = 1.355, 95% CI: 1.102-1.665,
p = 0.004), parity (OR = 1.727, 95% CI: 1.298-2.324, p <
0.001), and serum periostin levels (OR = 1.069, 95% CI:
1.049-1.088, p < 0.001) were all significantly associated
with the presence of GDM. In contrast, maternal age was
not identified as a significant predictor (OR = 1.015, 95%
CI: 0.960-1.073, p = 0.605).

When these variables were entered into a multivariate
logistic regression model, only maternal BMI (adjusted OR
=0.556, 95% CI: 0.435-0.711, p < 0.001) and serum pe-
riostin levels (adjusted OR = 1.204, 95% CI: 1.126-1.286,
p <0.001) remained independently associated with GDM.
Maternal age (p = 0.836), gravidity (p = 0.477), and par-
ity (p = 0.168) were no longer statistically significant after
adjustment.

Overall, the logistic regression model was statistically
significant (Omnibus test, p < 0.001) and demonstrated a
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Table 1. Maternal characteristics, perinatal and neonatal outcomes, and serum periostin levels in pregnant women with and
without GDM.

Pregnant women with GDM (n = 86) Pregnant women without GDM (n = 89)

p-value
Median (IQR) Median (IQR)
Maternal age (years) 31.0 (7.0) 31.0 (7.0) 0.544*
Birth weight (g) 3890.0 (500.0) 3490.0 (600.0) <0.001*
Maternal BMI (kg/m?) 30.0 (7.0) 24.0 (7.5) <0.001*
Gestational age at birth (weeks) 38.0 (2.0) 38.0 (2.0) 0.989*
Gravidity 3.0(2.0) 2.0 (2.0) 0.001*
Parity 2.0 (1.0) 1.0 (2.0) <0.001*
Fasting blood glucose (mg/dL) 100.2 (16.40) 90.0 (7.5) <0.001*
OGTT 1-hour (mg/dL) 202.0 (34.6) 164.8 (35.9) <0.001*
OGTT 2-hour (mg/dL) 163.0 (40.0) 140.0 (37.0) <0.001*
APGAR Score (1 min) 9.0 (1.0) 9.0 (0.0) 0.100*
APGAR Score (5 min) 10.0 (1.0) 10.0 (0.5) 0.037*
Serum Periostin level (ng/mL) 101.4 (53.6) 34.6 (23.9) <0.001*
n (%) n (%)
. Cesarean section 43 (50.0) 14 (15.7)
Mode of Delivery . ) <0.001%**
Vaginal delivery 43 (50.0) 75 (84.3)

Insulin treatment 9 (10.5) 0(0.0) <0.001%**
Meconium staining 12 (14.0) 5(5.6) 0.108**
Neonatal intubation status 12 (14.0) 6 (6.7) 0.188**
NICU admission 18 (20.9) 7(7.9) 0.024%*

* Mann-Whitney U test; ** Chi-square test. Data are presented as median (IQR) for continuous variables and number (n) (percentage,

%) for categorical variables. Comparisons between groups were performed using the Mann—Whitney U test for continuous variables

and the chi-square test for categorical variables. A p-value < 0.05 was considered statistically significant. Bold values show p < 0.05.

Abbreviations: BMI, body mass index; OGTT, oral glucose tolerance test; GDM, gestational diabetes mellitus; IQR, interquartile

range; NICU, neonatal intensive care unit.

Table 2. Comparison of serum periostin levels according to mode of delivery and neonatal outcomes.

Serum periostin levels (ng/mL)

p-value
Median (IQR)
. Cesarean section 85.2(71.3)
Mode of delivery . . <0.001
Vaginal delivery 49.4 (61.5)
. .. Yes 143.4 (56.5)
Meconium staining <0.001
No 56.0 (61.4)
. Yes 149.9 (11.0)
Insulin treatment <0.001
No 59.9 (63.8)
. Yes 140.6 (56.9)
Intubation status of newborn <0.001
No 56.0 (62.0)
L. Yes 135.3 (54.0)
NICU admission <0.001
No 50.5 (53.6)

Data are presented as median (IQR). Comparisons between two groups were performed using the
Mann—Whitney U test. Bold p-values indicate statistical significance (p < 0.05).

good fit to the observed data (Hosmer-Lemeshow test, p =
0.846). The model also showed a high explanatory capacity,
with a Nagelkerke R? value of 0.845. Detailed results of the
univariate and multivariate logistic regression analyses are
presented in Table 4.

ROC curve analysis demonstrated that serum periostin
levels exhibited excellent discriminative ability for identi-

fying GDM, with an AUC of 0.932 (95% CI: 0.899-0.966,
p <0.001). At the optimal cutoff value of 43.6 ng/mL, de-
termined using the Youden index, serum periostin yielded
a sensitivity of 97.7% and a specificity of 74.2%. The cor-
responding PPV and NPV were 84.2% and 91.0%, respec-
tively. The diagnostic performance of the multivariate lo-
gistic regression model was higher, with an AUC of 0.976
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Fig. 1. ROC curves for serum periostin level and the multivariable logistic regression model in predicting GDM.

Table 3. Correlations between serum periostin levels and
maternal blood glucose levels, maternal BMI, and fetal birth

weight.
Serum periostin level (ng/mL)
. r 0.453
Fasting blood glucose
p <0.001
r 0.525
OGTT I-hour
p <0.001
r 0.481
OGTT 2-hour
P <0.001
. . r 0.351
Birth weight
P <0.001
r 0.750
Maternal BMI
<0.001

Data are presented as Spearman’s correlation coefficient (r)
and corresponding p-values. Bold values show p < 0.05.

(95% CI: 0.957-0.994, p < 0.001). Using a probability
threshold of 0.48 for the model, sensitivity was calculated
as 89.5%, specificity as 95.5%, PPV as 95.0%, and NPV as
90.0%. The detailed ROC analysis is presented in Table 5,
and the corresponding ROC curves are shown in Fig. 1.

&% IMR Press

4. Discussion

This study demonstrated that serum periostin levels
were significantly higher in pregnant women with GDM
than in those with normal glucose tolerance and were pos-
itively correlated with maternal glycemic parameters and
perinatal outcomes. Correlation analysis revealed signif-
icant positive associations between serum periostin levels
and fasting glucose, 1-hour OGTT glucose, 2-hour OGTT
glucose, maternal BMI, and fetal birth weight, further sup-
porting the association with metabolic and perinatal param-
eters. Our findings suggest that periostin may play a role in
the metabolic alterations observed in GDM and may have
potential as a diagnostic biomarker. Importantly, serum pe-
riostin remained an independent predictor of GDM even
after adjustment for maternal BMI and other clinical vari-
ables, supporting its potential clinical relevance. However,
it should be emphasized that periostin levels were measured
concurrently with the OGTT in our study. Therefore, the
present study design does not allow evaluation of its predic-
tive or screening value for the future development of GDM.

Periostin is a 90 kDa glycoprotein that plays an ac-
tive role in extracellular matrix remodeling, fibrosis, and
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Table 4. Univariable and multivariable logistic regression analyses identifying independent predictors of GDM.

Univariate analysis

Multivariate analysis

Variable

OR 95%Cl  p-value Adjusted OR 95% CI p-value
Maternal age (years) 1.015 0.960-1.073  0.605 1.013 0.900-1.139 0.836
Maternal BMI (kg/m?) 1.121 1.061-1.185 <0.001 0.556 0.435-0.711 <0.001
Gravidity 1.355 1.102-1.665 0.004 0.688 0.245-1.932 0.477
Parity 1.727 1.298-2.324 <0.001 2.961 0.632-13.868 0.168
Serum periostin level (ng/mL) 1.069 1.049-1.088 <0.001 1.204 1.126-1.286 <0.001

Univariate and multivariate logistic regression analyses were performed to identify factors independently

associated with GDM. Variables included in the multivariate model were maternal age, maternal BMI, gra-

vidity, parity, and serum periostin level. The enter method was used for variable entry. Model fit was assessed

using the Hosmer-Lemeshow goodness-of-fit test (p = 0.846), and the model was statistically significant ac-
cording to the Omnibus test (p < 0.001), with a Nagelkerke R? of 0.845. Bold p-values indicate statistical
significance (p < 0.05). OR, odds ratio; CI, confidence interval.

Table 5. Diagnostic performance of serum periostin levels and the multivariable logistic regression model for predicting GDM.

Marker n (GDM/Control) AUC (95% CI) Cutoff Sensitivity (%) Specificity (%) PPV (%) NPV (%) p-value
Serum periostin 86/89 0.932 (0.899-0.966)  43.6 97.7 74.2 84.2 91.0 <0.001
level (ng/mL)

Multivariable 86/89 0.976 (0.957-0.994)  0.48 89.5 95.5 95.0 90.0 <0.001

model (predicted
probability)

Diagnostic performance of serum periostin level and the multivariable logistic regression model for predicting GDM. Bold p-values indicate

statistical significance (p < 0.05). PPV, positive predictive value; NPV, negative predictive value; ROC, receiver operating characteristic;

AUC, area under the curve.

inflammation. A recent study has shown that periostin is
associated with metabolic disorders such as insulin resis-
tance, obesity, and type 2 diabetes [15]. Given that insulin
resistance and low-grade inflammation also play a central
role in the GDM pathophysiology, Abbad et al. [24] sug-
gested that periostin may act as an effective mediator in this
process. In our study, the increased serum periostin levels
observed in the GDM group support the possibility that this
biomolecule may contribute to the pathogenesis of GDM.
Furthermore, similar findings have been reported in the lit-
erature. Jietal. [21] demonstrated that serum periostin lev-
els were elevated in pregnant women with GDM and that
this increase was correlated with inflammatory markers,
such as C-reactive protein (CRP) and tumor necrosis factor-
alpha (TNF-a). In another experimental and clinical study,
Feng et al. [25] demonstrated that increased expression of
toll-like receptors (TLRs) and nuclear factor kappaB (NF-
kB)-mediated inflammation in GDM contribute to insulin
resistance. The same study further indicated that activation
of the NF-kB pathway disrupts insulin signalling, leading to
the production of proinflammatory cytokines such as TNF-
a and interleukin-6 (IL-6). Therefore, the increase in pe-
riostin levels observed in our study and its relationship with
glycemic parameters are consistent with the inflammatory
mechanisms described in the literature. However, further
mechanistic studies are required to directly demonstrate this
process.

Accumulating evidence suggests that periostin plays
a significant role in metabolic disorders, particularly obe-
sity and type 2 diabetes. Experimental studies by Lu et
al. [18] demonstrated that obese mice exhibit increased
periostin expression in hepatic tissue, which is associated
with enhanced triglyceride accumulation. Moreover, pe-
riostin was shown to impair fatty acid oxidation through
downregulation of peroxisome proliferator-activated recep-
tor alpha (PPAR-a), thereby contributing to disrupted lipid
metabolism [26]. Consistent with these findings, Luo et
al. [15] reported that circulating periostin levels were posi-
tively correlated with both glycemic parameters and lipid
profiles in individuals with obesity and type 2 diabetes.
Taken together, these observations provide a biological
context for our findings, in which elevated serum periostin
levels in pregnant women with GDM, together with higher
BMI values, may reflect underlying metabolic dysregula-
tion associated with obesity-related lipid disturbances. Im-
portantly, even after adjustment for maternal BMI in the
multivariable analysis, periostin remained independently
associated with GDM, suggesting that its role may not be
solely explained by obesity-related mechanisms but may
also involve additional metabolic pathways. Another no-
table finding of our study is that, although BMI showed a
positive association in the univariate analysis, it exhibited a
negative coefficient in the multivariable model. This find-
ing may be explained by a ‘suppression effect’, in which
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a change in the direction of a coefficient occurs in multi-
variable logistic regression due to the strong correlation ob-
served between BMI and serum periostin levels, or by the
presence of multicollinearity. Consequently, the coefficient
for BMI in the multivariate model should not be interpreted
as indicating an independent biological protective effect but
should be evaluated within the context of the interrelation-
ships between the variables.

Growing evidence emphasizes the central role of in-
flammation in the pathophysiology of GDM, with several
studies reporting elevated levels of inflammatory biomark-
ers in affected patients [27,28,29,30]. In this context,
Ipekci et al. [31] demonstrated that serum neopterin lev-
els were significantly increased in pregnant women with
GDM and preeclampsia, suggesting a link with obesity-
related chronic inflammatory processes. As neopterin re-
flects activation of the cellular immune response, its ele-
vation in GDM supports the hypothesis that periostin, a
matrix-associated protein involved in inflammatory path-
ways, may also contribute to the underlying pathophysio-
logical processes. Consistent with this concept, our find-
ings revealed significantly higher serum periostin levels in
the GDM group than in the control group, suggesting that
periostin may reflect underlying inflammatory processes.
Furthermore, multivariable analysis confirmed that both
serum periostin levels and maternal BMI were indepen-
dently associated with GDM, even after adjustment for po-
tential confounders. Nevertheless, findings in the litera-
ture are inconsistent. Melekoglu et al. [32] reported in-
creased serum periostin levels in preeclamptic pregnancies,
whereas no significant elevation was observed in women
with GDM. This discrepancy may suggest that periostin is
more prominently involved in conditions characterized by
endothelial dysfunction and vascular inflammation. In con-
trast, its role in GDM may be more heterogeneous and in-
fluenced by differences among study populations. Over-
all, these findings suggest that periostin may reflect distinct
pathophysiological pathways across different pregnancy-
related complications.

Our study found that serum periostin levels were
higher in cases of GDM requiring insulin treatment, sup-
porting the association between this molecule and insulin
resistance and increased insulin requirements. Previous re-
search has shown that periostin levels may correlate not
only with metabolic parameters but also with the severity
of treatment requirements. For example, Farhan et al. [33]
reported that periostin levels in obese and type 2 diabetic
individuals were significantly associated with insulin us-
age status. Similarly, circulating periostin levels have been
shown to be positively associated with fasting insulin and
insulin resistance, particularly in overweight and obese in-
dividuals [34]. As such, it is suggested that periostin may
be a potential biomarker for both the diagnosis of GDM as
well as for predicting the need for insulin therapy.
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One of the notable findings of the present study was
the relationship between elevated maternal serum periostin
concentrations and adverse perinatal outcomes. GDM is
well recognized to increase the risk of several neonatal
complications, including MSAF, respiratory morbidity, and
NICU admission [35]. Consistent with these observations,
pregnancies complicated by GDM in our cohort demon-
strated a higher frequency of MSAF, and serum periostin
concentrations were also significantly higher in these cases.
Previous studies have suggested that MSAF is closely
linked to intra-amniotic inflammation and activation of both
maternal and fetal immune responses [36,37]. Within this
biological framework, elevated periostin levels may repre-
sent an indicator of the inflammatory and tissue-remodeling
processes accompanying the intrauterine environment in
GDM rather than a simple metabolic alteration. In addi-
tion, periostin may be involved in placental remodeling.
Experimental and histopathological studies have demon-
strated that pregnancies affected by GDM frequently ex-
hibit placental fibrosis and extracellular matrix remodel-
ing, which may impair maternal-fetal exchange and con-
tribute to unfavorable neonatal outcomes [38]. Consistent
with this concept, neonatal intubation and NICU admission
occurred more frequently in the GDM group, whereas 5-
minute Apgar scores tended to be lower in this group. Al-
though several of these differences did not reach statistical
significance, the overall pattern was consistent with higher
periostin levels observed in pregnancies with less favorable
neonatal outcomes. Nevertheless, these findings should be
interpreted cautiously. Serum periostin levels were higher
in pregnancies complicated by NICU admission, MSAF,
and neonatal intubation; however, GDM itself is an es-
tablished determinant of these adverse outcomes. Conse-
quently, the observed associations may largely reflect the
underlying effects of GDM rather than an independent con-
tribution of periostin, and no causal relationship can be in-
ferred from the present data.

Recent studies have demonstrated that periostin may
be an important biomarker not only in metabolic processes
but also in obstetric pathologies [39,40]. In particular, it
has been reported that placental periostin expression is sig-
nificantly increased in placenta accreta spectrum (PAS) dis-
orders. It has been suggested that this increase accelerates
angiogenesis by activating the Notch signalling pathway,
thereby contributing to the pathological vascular formation
observed in PAS and supporting trophoblast proliferation
and migration. Interestingly, the fact that these effects can
be reversed by inhibiting the Notch pathway suggests that
periostin plays an active role in placental invasion defects
[39]. In addition, studies on early pregnancy loss have
shown that changes in periostin levels are closely related
to embryo implantation and pregnancy continuation. Fur-
thermore, serum periostin levels increase over time in preg-
nancies that result in miscarriage, whereas these levels tend
to decrease in ongoing healthy pregnancies [40]. This sit-
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uation suggests that periostin may also be directly associ-
ated with the embryonic implantation and early placentation
stages. Taken together, these findings suggest that periostin
may have potential not only as a biomarker for pregnancy
outcomes, but also as a diagnostic biomarker for GDM and
may contribute to its pathogenesis.

Based on our findings, periostin appears to be a po-
tentially useful biomarker associated with GDM. However,
since periostin levels were measured concurrently with the
OGTT in this study, its predictive or screening utility cannot
be established. Therefore, periostin should not be consid-
ered a replacement for the OGTT at this stage, and further
prospective longitudinal studies are required to evaluate its
potential role in screening or early prediction. Furthermore,
the fact that periostin can be measured using a routine ve-
nous blood sample increases its clinical applicability. Fur-
thermore, the association between serum periostin levels
and adverse perinatal outcomes, in addition to its diagnostic
potential, suggests that this molecule may also have prog-
nostic utility.

This study has several limitations that should be ac-
knowledged. First, its single-center design and relatively
modest sample size may limit the generalizability of the
findings. In addition, serum periostin concentrations were
measured only once, concurrently with the 24- to 28-week
OGTT; therefore, temporal changes in periostin levels dur-
ing pregnancy and its predictive or screening performance
before routine GDM testing could not be assessed. Another
limitation is the absence of adjusted analyses evaluating
the independent association between serum periostin levels
and perinatal outcomes. Consequently, the observed asso-
ciations may have been influenced by confounding factors,
particularly the presence of GDM. Furthermore, inflamma-
tory biomarkers such as CRP, IL-6, and TNF-a were not
evaluated, precluding direct assessment of the relationship
between periostin levels and systemic inflammatory activ-
ity. Subgroup analyses were also limited by the relatively
small number of participants in certain categories, and these
findings should therefore be interpreted with caution. Simi-
larly, several clinically relevant obstetric outcomes, includ-
ing hypertensive disorders of pregnancy, shoulder dystocia,
and categorical fetal macrosomia, were not assessed, limit-
ing a more comprehensive evaluation of GDM-related ma-
ternal and neonatal complications. Moreover, effect size
estimates, such as Cohen’s d, were not calculated, which
may reduce the interpretability of the magnitude of the ob-
served differences. Finally, given the observational nature
of the study and the lack of internal or external valida-
tion of the ROC analyses (e.g., cross-validation or boot-
strapping), the reported cutoff values and diagnostic per-
formance metrics should be interpreted with caution. No
causal relationship between periostin and GDM can be in-
ferred from these findings. Despite these limitations, the
prospective case-control design represents a major strength
by providing novel evidence regarding the association be-

tween maternal serum periostin levels, GDM, and adverse
perinatal outcomes. Future multicenter studies with larger
cohorts, longitudinal periostin measurements throughout
pregnancy, comprehensive inflammatory profiling, and ex-
ternal validation of the diagnostic models are warranted to
confirm and extend these findings.

5. Conclusions

Serum periostin levels were significantly elevated in
pregnant women with GDM and were correlated with key
metabolic parameters and neonatal outcomes. These find-
ings suggest that periostin could be considered a potential
biomarker for identifying women at risk for GDM and re-
lated complications. Furthermore, the association between
periostin levels and perinatal outcomes suggests that this
molecule may have potential utility not only as a diagnostic
marker but also as a prognostic biomarker. The high diag-
nostic accuracy demonstrated by ROC analysis is encour-
aging; however, further prospective validation is required
before clinical implementation. Multicentre, large-scale,
prospective studies are needed to validate these findings,
determine the clinical utility of periostin measurement, and
further elucidate its role in the pathophysiology of gesta-
tional metabolic disorders.

Availability of Data and Materials

The data that support the findings of this study are
available from the corresponding author upon reasonable
request.

Author Contributions

EAK and NG conceived and designed the study. ZY,
SC, and SMA collected the data. SC, MA and ZY per-
formed data analysis and interpretation. NG drafted the
manuscript. EAK, ZY, SC, SMA and MA critically revised
the manuscript for important intellectual content. All au-
thors contributed to editorial changes in the manuscript. All
authors read and approved the final manuscript. All authors
have participated sufficiently in the work and agreed to be
accountable for all aspects of the work.

Ethics Approval and Consent to Participate

The study was conducted in accordance with the Dec-
laration of Helsinki. The research protocol was approved by
the Samsun University Clinical Research Ethics Committee
(Ethics Approval Number: SUKAEK-2023 20/20), and all
participants provided signed informed consent forms.

Acknowledgment

We would like to express our gratitude to all those who
helped us during the writing of this manuscript.

Funding

This research received no external funding.

&% IMR Press


https://www.imrpress.com

Conflicts of Interest

The authors declare no conflicts of interest. Zehra Y1l-

maz is affiliated with a private practice. This affiliation did
not influence the design, conduct, analysis, interpretation,
or reporting of the study. The author declares that there are
no financial, commercial, or other relationships that could
be perceived as a potential conflict of interest in relation to
this work.

Supplementary Material

Supplementary material associated with this article

can be found, in the online version, at https://doi.org/10.
31083/CEOG53151.

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

Classification and diagnosis of diabetes mellitus and other cate-
gories of glucose intolerance. National Diabetes Data Group. Di-
abetes. 1979; 28: 1039-1057. https://doi.org/10.2337/diab.28.
12.1039

Diagnostic criteria and classification of hyperglycaemia first de-
tected in pregnancy: a World Health Organization Guideline.
Diabetes Research and Clinical Practice. 2014; 103: 341-363.
https://doi.org/10.1016/j.diabres.2013.10.012

Barbour LA, McCurdy CE, Hernandez TL, Kirwan JP, Catalano
PM, Friedman JE. Cellular mechanisms for insulin resistance in
normal pregnancy and gestational diabetes. Diabetes Care. 2007,
30: S112-S119. https://doi.org/10.2337/dc07-s202

Wang H, Li N, Chivese T, Werfalli M, Sun H, Yuen L, et al.
IDF Diabetes Atlas: Estimation of Global and Regional Ges-
tational Diabetes Mellitus Prevalence for 2021 by International
Association of Diabetes in Pregnancy Study Group’s Criteria.
Diabetes Research and Clinical Practice. 2022; 183: 109050.
https://doi.org/10.1016/j.diabres.2021.109050

Lin PC, Hung CH, Chan TF, Lin KC, Hsu YY, Ya-Ling Tzeng.
The risk factors for gestational diabetes mellitus: A retrospective
study. Midwifery. 2016; 42: 16-20. https://doi.org/10.1016/j.mi
dw.2016.09.008

Ali U, Cure L, Lewis RK, Rattani A, Hill T, Woods NK.
Examining rurality and social determinants of health among
women with GDM: a 15-year comprehensive population anal-
ysis. BMC Women’s Health. 2024; 24: 467. https://doi.org/10.
1186/s12905-024-03306-6

Mirabelli M, Tocci V, Donnici A, Giuliano S, Sarnelli P, Salatino
A, et al. Maternal Preconception Body Mass Index Overtakes
Age as a Risk Factor for Gestational Diabetes Mellitus. Journal
of Clinical Medicine. 2023; 12: 2830. https://doi.org/10.3390/jc
m12082830

Sacks DA. Comment on Cheung and Moses. Gestational Dia-
betes Mellitus: Is It Time to Reconsider the Diagnostic Crite-
ria? Diabetes Care 2018;41:1337-1338. Diabetes Care. 2019;
42: ell—-el2. https://doi.org/10.2337/dc18-1941

Kodama S, Yamada T, Yagyuda N, Tanaka N, Wu S, Fer-
reira ED, et al. Comparison of the ability to diagnose ges-
tational diabetes mellitus between glycated albumin or fruc-
tosamine and hemoglobin Alc-a meta-analysis of diagnostic
studies. Systematic Reviews. 2025; 14: 144. https://doi.org/10.
1186/s13643-025-02894-0

ACOG Practice Bulletin No. 190: Gestational Diabetes Mel-
litus. Obstetrics and Gynecology. 2018; 131: e49—e64. https:
//doi.org/10.1097/A0G.0000000000002501

Weinert LS. International Association of Diabetes and Preg-

nancy Study Groups recommendations on the diagnosis and
classification of hyperglycemia in pregnancy: comment to the

&% IMR Press

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

International Association of Diabetes and Pregnancy Study
Groups Consensus Panel. Diabetes Care. 2010; 33: €97. https:
//doi.org/10.2337/dc10-0544

Kose O, Gok K, Kose E, Goziikara SI, Tiiten A, Bostanci MS.
Decreased Levels of Insulin-Regulated Aminopeptidase (IRAP)
in Gestational Diabetes Mellitus: A Prospective Cohort Study.
Clinical and Experimental Obstetrics & Gynecology. 2025; 52:
26541. https://doi.org/10.31083/CEOG26541

ShiY, Ding X. A Prospective Randomized Study of the Potential
Biomarker miR-204-5p for the Differential Diagnosis of Ges-
tational Diabetes Mellitus and its Correlation with Pregnancy
Outcomes. Clinical and Experimental Obstetrics & Gynecology.
2024; 51: 230. https://doi.org/10.31083/j.ceog5110230

Yilmaz M, Aksin S, Bozbay N, Balsak D, Aboalhasan Y, Kurnug
FZ, et al. Evaluation of Visceral Adipokines: Omentin, Vaspin,
and Visfatin in Patients with Gestational Diabetes Mellitus. Clin-
ical and Experimental Obstetrics & Gynecology. 2024; 51: 250.
https://doi.org/10.31083/j.ceog5111250

Luo Y, Qu H, Wang H, Wei H, Wu J, Duan Y, et al. Plasma Pe-
riostin Levels Are Increased in Chinese Subjects with Obesity
and Type 2 Diabetes and Are Positively Correlated with Glucose
and Lipid Parameters. Mediators of Inflammation. 2016; 2016:
6423637. https://doi.org/10.1155/2016/6423637

Walker JT, McLeod K, Kim S, Conway SJ, Hamilton DW. Pe-
riostin as a multifunctional modulator of the wound healing re-
sponse. Cell and Tissue Research. 2016; 365: 453-465. https:
//doi.org/10.1007/s00441-016-2426-6

Yang Y, Zhang Y, Zhou X, Chen D, Ouyang G, Liu Y, et al.
Periostin deficiency attenuates lipopolysaccharide- and obesity-
induced adipose tissue fibrosis. FEBS Letters. 2021; 595: 2099—
2112. https://doi.org/10.1002/1873-3468.14154

Lu Y, Liu X, Jiao Y, Xiong X, Wang E, Wang X, et al.
Periostin promotes liver steatosis and hypertriglyceridemia
through downregulation of PPARa. The Journal of Clinical In-
vestigation. 2014; 124: 3501-3513. https://doi.org/10.1172/JC
174438

de Luca C, Olefsky JM. Inflammation and insulin resistance.
FEBS Letters. 2008; 582: 97-105. https://doi.org/10.1016/j.fe
bslet.2007.11.057

Jia G, Aroor AR, DeMarco VG, Martinez-Lemus LA, Meininger
GA, Sowers JR. Vascular stiffness in insulin resistance and obe-
sity. Frontiers in Physiology. 2015; 6: 231. https://doi.org/10.
3389/fphys.2015.00231

JiQ, Li X, Wang Y, Liu H, Chen K, Quan H, et al. Periostin Acts
as a Bridge between Gestational Diabetes Mellitus (GDM) and
Chronic Inflammation to Modulate Insulin Resistance by Mod-
ulating PPARa/NF-kB/TNF-a Signaling Pathway. Endocrine,
Metabolic & Immune Disorders Drug Targets. 2023; 23: 1649—
1659. https://doi.org/10.2174/1871530323666230427104724
Eroglu S, Gumusburun N, Urkmez SS, Civil Urkmez Y, Celik S,
Sahin K. Maternal Serum Periostin as a Potential Biomarker for
Gestational Diabetes Mellitus and Adverse Perinatal Outcomes.
Zeitschrift Fur Geburtshilfe Und Neonatologie. 2026. https://do
i.org/10.1055/a-2827-9333 (online ahead of print)
International Association of Diabetes and Pregnancy Study
Groups Consensus Panel, Metzger BE, Gabbe SG, Persson B,
Buchanan TA, Catalano PA, et al. International association of
diabetes and pregnancy study groups recommendations on the
diagnosis and classification of hyperglycemia in pregnancy.
Diabetes Care. 2010; 33: 676—682. https://doi.org/10.2337/dc
09-1848

Abbad L, Prakoura N, Michon A, Chalghoumi R, Reichelt-
Wurm S, Banas MC, et al. Role of Periostin and Nuclear Factor-
kB Interplay in the Development of Diabetic Nephropathy.
Cells. 2022; 11: 2212. https://doi.org/10.3390/cells11142212
Feng H, Su R, Song Y, Wang C, Lin L, Ma J, et al. Positive Cor-


https://doi.org/10.31083/CEOG53151
https://doi.org/10.31083/CEOG53151
https://doi.org/10.2337/diab.28.12.1039
https://doi.org/10.2337/diab.28.12.1039
https://doi.org/10.1016/j.diabres.2013.10.012
https://doi.org/10.2337/dc07-s202
https://doi.org/10.1016/j.diabres.2021.109050
https://doi.org/10.1016/j.midw.2016.09.008
https://doi.org/10.1016/j.midw.2016.09.008
https://doi.org/10.1186/s12905-024-03306-6
https://doi.org/10.1186/s12905-024-03306-6
https://doi.org/10.3390/jcm12082830
https://doi.org/10.3390/jcm12082830
https://doi.org/10.2337/dc18-1941
https://doi.org/10.1186/s13643-025-02894-0
https://doi.org/10.1186/s13643-025-02894-0
https://doi.org/10.1097/AOG.0000000000002501
https://doi.org/10.1097/AOG.0000000000002501
https://doi.org/10.2337/dc10-0544
https://doi.org/10.2337/dc10-0544
https://doi.org/10.31083/CEOG26541
https://doi.org/10.31083/j.ceog5110230
https://doi.org/10.31083/j.ceog5111250
https://doi.org/10.1155/2016/6423637
https://doi.org/10.1007/s00441-016-2426-6
https://doi.org/10.1007/s00441-016-2426-6
https://doi.org/10.1002/1873-3468.14154
https://doi.org/10.1172/JCI74438
https://doi.org/10.1172/JCI74438
https://doi.org/10.1016/j.febslet.2007.11.057
https://doi.org/10.1016/j.febslet.2007.11.057
https://doi.org/10.3389/fphys.2015.00231
https://doi.org/10.3389/fphys.2015.00231
https://doi.org/10.2174/1871530323666230427104724
https://doi.org/10.1055/a-2827-9333
https://doi.org/10.1055/a-2827-9333
https://doi.org/10.2337/dc09-1848
https://doi.org/10.2337/dc09-1848
https://doi.org/10.3390/cells11142212
https://www.imrpress.com

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

10

relation between Enhanced Expression of TLR4/MyD88/NF-
kB with Insulin Resistance in Placentae of Gestational Dia-
betes Mellitus. PloS One. 2016; 11: e0157185. https://doi.org/
10.1371/journal.pone.0157185

Fillmore N, Hou V, Sun J, Springer D, Murphy E. Cardiac spe-
cific knock-down of peroxisome proliferator activated receptor
a prevents fasting-induced cardiac lipid accumulation and re-
duces perilipin 2. PloS One. 2022; 17: €0265007. https://doi.or
g/10.1371/journal.pone.0265007

McCarthy CM, McElwain CJ, Musumeci A, McCarthy FP.
Evidence of tissue specific alterations in inflammatory pro-
files in Gestational Diabetes Mellitus. Journal of Reproductive
Immunology. 2023; 159: 104000. https://doi.org/10.1016/j.jri.
2023.104000

Huang X, Li Y, Tong X, Wu Y, Zhang R, Sheng L, et
al. Increased Circulating IL-32 Is Associated With Placenta
Macrophage-derived IL-32 and Gestational Diabetes Mellitus.
The Journal of Clinical Endocrinology and Metabolism. 2024;
109: 333-343. https://doi.org/10.1210/clinem/dgad531
Varthaliti A, Lygizos V, Fanaki M, Pergialiotis V, Papapana-
giotou A, Pappa K, et al. The Role of IL-6 and TNF-a as Early
Biomarkers in the Prediction and Diagnosis of Gestational Di-
abetes Mellitus. Biomedicines. 2025; 13: 1627. https://doi.org/
10.3390/biomedicines13071627

Barbosa MR, Marchi GFD, Silva KMR, Franga DCH, Silva
MABD, Ribeiro Barbosa J, et al. Gestational Diabetes Mellitus
Alters Cytokine Profiles and Macrophage Polarization in Human
Placenta. International Journal of Molecular Sciences. 2025; 26:
10867. https://doi.org/10.3390/ijms262210867

Ipekci SH, Kebapcilar AG, Yilmaz SA, Ilhan TT, Pekin AT,
Abusoglu S, et al. Serum levels of neopterin in gestational di-
abetes mellitus: the relationship with Apgar scores. Archives of
Gynecology and Obstetrics. 2015; 292: 103—109. https://doi.or
2/10.1007/s00404-015-3615-3

Melekoglu R, Uniivar S, Tiirkmen NB, Cetin A, Zeyveli Ce-
lik N, Yiice H, et al. Evaluation of serum neopterin, periostin,
Tenascin-C, tissue inhibitor of metalloproteinase-1 and matrix
metalloproteinase-2 levels in obese pregnant women. Turkish
Journal of Obstetrics and Gynecology. 2022; 19: 257-267.
https://doi.org/10.4274/tjod.galenos.2022.70593

Farhan LO, Al-Sabbagh AA, Abed BA, Farhan AM, Mo-
hammed NUG. Study Effect of Periostin Level in Obese Iraqi

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Females Patients with Type 2 Diabetes Mellitus. Medical Jour-
nal of Babylon. 2025; 22: 151-155. https://doi.org/10.4103/MJ
BL.MJBL 794 23

Yang Z, Zhang H, Niu Y, Zhang W, Zhu L, Li X, et al. Circulating
periostin in relation to insulin resistance and nonalcoholic fatty
liver disease among overweight and obese subjects. Scientific
Reports. 2016; 6: 37886. https://doi.org/10.1038/srep37886
Zhang CH, Zhang PL. Adverse perinatal outcomes compli-
cated with gestational diabetes mellitus in preterm mothers and
preterm infants. Experimental and Therapeutic Medicine. 2023;
26: 425. https://doi.org/10.3892/etm.2023.12124

Balogh DC, Kovacs K, Kovacs 0z, Reg6s E, Fintha A, Har-
math A, et al. Association of Meconium-Stained Amniotic Fluid
and Histological Chorioamnionitis with Fetal Inflammatory Re-
sponse in Preterm Deliveries. Children (Basel, Switzerland).
2025; 12: 477. https://doi.org/10.3390/children12040477
Helmo FR, Alves EAR, Moreira RADA, Severino VO, Rocha
LP, Monteiro MLGDR, et al. Intrauterine infection, immune
system and premature birth. The Journal of Maternal-fetal &
Neonatal Medicine : the Official Journal of the European Asso-
ciation of Perinatal Medicine, the Federation of Asia and Ocea-
nia Perinatal Societies, the International Society of Perinatal
Obstetricians. 2018; 31: 1227-1233. https://doi.org/10.1080/
14767058.2017.1311318

Ehlers E, Talton OO, Schust DJ, Schulz LC. Placental structural
abnormalities in gestational diabetes and when they develop: A
scoping review. Placenta. 2021; 116: 58-66. https://doi.org/10.
1016/j.placenta.2021.04.005

Li R, Wang W, Qiu X, He M, Tang X, Zhong M. Periostin
promotes extensive neovascularization in placenta accreta spec-
trum disorders via Notch signaling. The Journal of Maternal-
fetal & Neonatal Medicine : the Official Journal of the European
Association of Perinatal Medicine, the Federation of Asia and
Oceania Perinatal Societies, the International Society of Peri-
natal Obstetricians. 2023; 36: 2264447 https://doi.org/10.1080/
14767058.2023.2264447

Swirska J, Zwolak A, Dudzinska M, Matyjaszek-Matuszek B,
Paszkowski T. Gestational diabetes mellitus - literature review
on selected cytokines and hormones of confirmed or possible
role in its pathogenesis. Ginekologia Polska. 2018; 89: 522-527.
https://doi.org/10.5603/GP.a2018.0089

&% IMR Press


https://doi.org/10.1371/journal.pone.0157185
https://doi.org/10.1371/journal.pone.0157185
https://doi.org/10.1371/journal.pone.0265007
https://doi.org/10.1371/journal.pone.0265007
https://doi.org/10.1016/j.jri.2023.104000
https://doi.org/10.1016/j.jri.2023.104000
https://doi.org/10.1210/clinem/dgad531
https://doi.org/10.3390/biomedicines13071627
https://doi.org/10.3390/biomedicines13071627
https://doi.org/10.3390/ijms262210867
https://doi.org/10.1007/s00404-015-3615-3
https://doi.org/10.1007/s00404-015-3615-3
https://doi.org/10.4274/tjod.galenos.2022.70593
https://doi.org/10.4103/MJBL.MJBL_794_23
https://doi.org/10.4103/MJBL.MJBL_794_23
https://doi.org/10.1038/srep37886
https://doi.org/10.3892/etm.2023.12124
https://doi.org/10.3390/children12040477
https://doi.org/10.1080/14767058.2017.1311318
https://doi.org/10.1080/14767058.2017.1311318
https://doi.org/10.1016/j.placenta.2021.04.005
https://doi.org/10.1016/j.placenta.2021.04.005
https://doi.org/10.1080/14767058.2023.2264447
https://doi.org/10.1080/14767058.2023.2264447
https://doi.org/10.5603/GP.a2018.0089
https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Study Design
	2.2 Participants
	2.3 Data Collection
	2.4 Sample Collection and Laboratory Analysis
	2.5 Statistical Analysis

	3. Results
	4. Discussion
	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflicts of Interest
	Supplementary Material
	References

