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Abstract

Background Gestational diabetes mellitus (GDM) is a common pregnancy complication that may influence the
intrauterine metabolic environment and neonatal glucose regulation. Novel adipokines such as asprosin and subfatin
have been implicated in glucose homeostasis. This study aimed to evaluate umbilical cord blood levels of asprosin
and subfatin in pregnancies complicated by GDM and to examine their associations with neonatal clinical and
metabolic outcomes.

Methods This cross-sectional study included 40 women with GDM, 40 healthy pregnant women, and their newborns
who delivered at Balikesir University Faculty of Medicine Hospital between August 2025 and October 2025. Maternal
demographic characteristics, 75-g oral glucose tolerance test results, HbATc levels and GDM treatment modality were
recorded. Neonatal outcomes included Apgar scores, birth weight, early postnatal blood glucose levels, weight at one
month and feeding mode. Umbilical cord blood asprosin and subfatin concentrations were measured using ELISA.

Results Mothers with GDM were older and had higher fasting glucose, 1- and 2-hour OGTT glucose levels, HbAT1c
and body mass index compared with controls (all p<0.01). Infants born to mothers with GDM had higher birth
weight (p=0.007) and greater weight at one month (p=0.01), while neonatal blood glucose levels were significantly
lower during early postnatal follow-up (p <0.001). In unadjusted analyses, umbilical cord asprosin (23.15+10.21 vs.
35.63+26.97 ng/mL, p=0.01) and subfatin levels (2.85+1.45vs. 4.17+3.11 ng/mL, p=0.03) were lower in the GDM
group. However, these differences were no longer statistically significant after multivariable adjustment (MANCOVA)
for maternal age, body mass index, fetal sex and GDM treatment modality. In contrast, early neonatal blood glucose
levels remained significantly lower in the GDM group after multivariable adjustment.

Conclusions Pregnancies complicated by GDM are associated with differences in neonatal growth and glucose
regulation, while alterations in umbilical cord adipokine levels appear to be influenced by maternal and fetal
characteristics rather than representing independent effects of GDM. These findings suggest that cord blood
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adipokines reflect the intrauterine metabolic environment but may have limited value as independent neonatal

biomarkers.
Clinical trial number Not applicable.
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Introduction

Gestational Diabetes Mellitus (GDM) is a metabolic
disorder characterized by glucose intolerance first rec-
ognized during pregnancy, posing health risks for both
mother and fetus [1]. Its global prevalence varies depend-
ing on the diagnostic criteria and screening methods.
According to the International Diabetes Federation
(IDF) and recent meta-analyses, GDM affects about 14%
of pregnancies worldwide based on IADPSG criteria
with regional differences ranging from 7.8% in Europe
to over 27% in the Middle East and North Africa [2—4].
These differences are influenced by diagnostic standards,
screening strategies and demographic factors. Patients
with GDM are at higher risk of preterm delivery, pre-
eclampsia and assisted births [5-7]. In the long term,
these women also carry a higher risk of developing type
2 diabetes and cardiovascular disease [8—10]. Infants of
GDM mothers may experience high birth weight, shoul-
der dystocia, prolonged labor and postnatal hypoglyce-
mia [11-13]. Morever these children may be predisposed
to obesity, glucose intolerance, early-onset diabetes and
neurodevelopmental disorders later in life [14—16]. Early
diagnosis and management of GDM are therefore crucial.

Adipokines, bioactive molecules secreted by adipose
tissue, play an important role in metabolic regulation
and inflammation. They have been increasingly studied
for their role in GDM and its effects on maternal and
fetal health [17-19]. Asprosin, a 140-amino-acid peptide
encoded by the FBN1 gene, is secreted by white adipose
tissue in response to fasting It stimulates hepatic glucose
release, increasing blood glucose levels, and crosses the
blood-brain barrier to activate appetite-stimulating neu-
rons, which can lead to weight gain [20, 21]. Asprosin
has also been implicated in metabolic disorders such as
NAFLD, obesity, metabolic syndrome, diabetes, PCOS
and cardiovascular diseases [22-26].

Subfatin, also known as Metrnl (Meteorin-like protein)
is a novel adipomyokine secreted by adipose tissue and
skeletal muscle. It regulates energy metabolism, insu-
lin sensitivity and inflammation [27]. Exercise and cold
exposure increase subfatin levels, which enhance glu-
cose uptake in peripheral tissues and reduce pro-inflam-
matory cytokines. It also promotes browning of white
adipose tissue, increasing energy expenditure. Studies
suggest that subfatin is associated with obesity, insulin
resistance, type 2 diabetes and NAFLD through its effects
on glucose metabolism and inflammation [28-32].

Although several studies have investigated the role of
novel adipokines in gestational diabetes mellitus, exist-
ing evidence has predominantly focused on individual
biomarkers. To date, asprosin and subfatin (Metrnl)
have been evaluated separately in the context of GDM,
and data regarding their simultaneous assessment in the
same maternal-neonatal cohort are lacking. Given that
both adipokines are involved in glucose homeostasis and
energy metabolism, their concurrent evaluation may pro-
vide complementary insights into fetal metabolic adapta-
tion in GDM pregnancies. Therefore, the present study
aimed to simultaneously assess umbilical cord blood lev-
els of asprosin and subfatin in neonates born to mothers
with and without GDM and to examine their associations
with neonatal clinical and metabolic outcomes.

Materials and methods

Study design and participants

This cross-sectional study included 40 healthy pregnant
women and 40 women diagnosed with gestational dia-
betes mellitus (GDM), along with their newborns. The
study was conducted at Balikesir University Faculty of
Medicine Hospital between August and October 2025.
Participants were consecutively selected from eligible
postpartum women who provided written consent. Eli-
gible participants were women aged 18-45 years with
newborns at 37-41 weeks of gestation. The sample size
was determined based on a power analysis using previ-
ously reported mean differences and standard deviations
of plasma asprosin and visfatin levels [33, 34]. Visfatin
was used as a reference adipokine due to the lack of prior
studies reporting cord blood subfatin variability at the
time of study planning. Using a two-sided independent
samples t-test, with a significance level of 0.05 and 80%
power, an effect size (Cohen’s d) of 0.65 indicated that
40 participants per group would be sufficient to detect
anticipated differences.

The GDM group (n = 40) consisted of women diag-
nosed according to the World Health Organization
(WHO) 2013 criteria, using a 75 g oral glucose toler-
ance test OGTT performed between 24 and 28 weeks of
gestation. Diagnosis was made if fasting plasma glucose
was > 5.1 mmol/L (92 mg/dL), 1-hour plasma glucose
> 10.0 mmol/L (180 mg/dL), or 2-hour plasma glucose
> 8.5 mmol/L (153 mg/dL) [35]. The healthy group (n =
40) included women without chronic diseases, whose
gestational diabetes and other metabolic disorders were
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excluded based on medical history and a normal OGTT.
Women who experienced complications during delivery
or whose newborns showed signs of fetal distress, were
excluded. Women with type 1 diabetes mellitus were also
not included.

Treatment modalities applied throughout pregnancy
after the diagnosis of GDM were identified. Women with
GDM were classified according to treatment approach
as lifestyle and dietary modification or insulin therapy.
Patients who maintained normal glucose levels without
pharmacological treatment were included in the lifestyle
and dietary modification group. Patients with insufficient
follow-up data were classified as not followed-up.

Demographic data, including maternal age, gravidity,
gestational age, body mass index (BMI) and gestational
weight gain, were recorded for all participants. Labora-
tory parameters were collected by reviewing medical
records, including fasting plasma glucose and HbAlc lev-
els measured prior to delivery, as well as results from the
75 g OGTT performed between 24 and 28 weeks of ges-
tation. Neonatal data, including birth weight, length, sex
and APGAR scores at 1 and 5 min, were recorded. Early
neonatal blood glucose measurements at 30 min after
birth and, if available, hemoglobin (HB), white blood cell
count (WBC) and C-reactive protein (CRP) values were
also documented. Follow-up with the mothers was con-
ducted to obtain information on the newborns’ feeding
method and weight at one month of age. Because some
measurements were unavailable for certain participants,
sample sizes varied across variables and the analyses were
conducted based on the available number of participants
for each parameter.

Asprosin and subfatin (Metrnl) measurement

Plasma levels of asprosin were measured using the
Asprosin Sunred ELISA kit (Catalog No: 201-12-7691D,
SunRed Biological Technology, Shanghai, China) with
a sensitivity of 0.938 ng/mL and a detection range of
1.563-100 ng/mL. Plasma levels of subfatin (Metrnl)
were measured using the Subfatin (Metrnl) Sunred
ELISA kit (Catalog No: SRB-T-81862, SunRed Biologi-
cal Technology, Shanghai, China) with a sensitivity of
0.042 ng/mL and a detection range of 0.05-15 ng/mL.
The intra-assay CV was < 10% and the inter-assay CV was
<12% for both kits. Standards and samples were dupli-
cated. The standard curves were plotted using a four-
parameter logistic curve, and R? values were 0.997 and
0.999, respectively.

Statistical analysis

Statistical analyses were performed using Jamovi soft-
ware (version 2.3.21). Normality of continuous vari-
ables was assessed using skewness, kurtosis, and the
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Shapiro—Wilk test. Data are presented as mean +stan-
dard deviation or median, as appropriate.

Group comparisons were performed using indepen-
dent samples t-tests or Mann—Whitney U tests for con-
tinuous variables and the Chi-square test for categorical
variables.

Multivariate analysis of covariance (MANCOVA) was
used to assess between group differences in umbilical
cord asprosin, subfatin, neonatal birth weight and early
neonatal blood glucose levels, adjusting for maternal age,
body mass index (BMI), fetal sex and GDM treatment
modality. Associations between cord blood adipokines
and neonatal outcomes were analyzed using partial Pear-
son correlation analysis, controlling for maternal BMIL

A two-sided p-value<0.05 was considered statistically
significant. Analyses were conducted based on available
data.

Due to missing data for some maternal and neonatal
variables, statistical analyses were performed using avail-
able-case data for each parameter.

Results

Maternal demographic and metabolic characteristics
are presented in Table 1. Women in the GDM(+) group
were significantly older than those in the GDM(-) group
(p=0.02). Pre-pregnancy body mass index (BMI) was
also significantly higher in the GDM(+) group (p=0.005).
As expected, fasting glucose (p=0.001), 1-hour OGTT
glucose (p<0.001), 2-hour OGTT glucose (p<0.001),
and HbAlc levels (p=0.002) were all significantly higher
in the GDM(+) group. No significant differences were
observed between groups with respect to gestational age
at delivery (p =0.94) or gestational weight gain (p = 0.34).

Among women diagnosed with GDM (n =40), 32 (80%)
were managed with lifestyle and dietary modification
alone, 5 (12.5%) required insulin therapy and 3 (7.5%) had
incomplete follow-up data regarding treatment modality.
Treatment approach was included as a covariate in the
multivariable models to account for potential differences
in glycemic management.

Baseline neonatal birth characteristics are summarized
in Table 2A. Gestational age at birth and sex distribu-
tion did not differ significantly between groups. How-
ever, birth weight was significantly higher among infants
born to mothers with GDM compared with controls
(p=0.007). Birth length and Apgar scores at both 1 and
5 min were comparable between groups.

Postnatal neonatal biochemical measurements are
shown in Table 2B. Early neonatal blood glucose levels
were significantly lower in the GDM(+) group compared
with the GDM(-) group (p <0.001). No significant differ-
ences were observed in neonatal white blood cell count
(p=0.34) or C-reactive protein levels (p=0.14).
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Table 1 Descriptive statistics of maternal demographic and clinical characteristics in groups

Variable GDM (-) (n=40) GDM (+) (n=40) p value
Age (years) 27.15+435 29.65+5.06 0.022
Gestational age (weeks) 3845+1.03 3848+127 0.94
Pre-pregnancy BMI (kg/m?) 28.18+3.43 (n=40) 30.58+3.94 (n=38) 0.0052
Gestational weight gain (kg) 12994535 11.88+5.03 0.342
Fasting glucose (mg/dL)* 81.71+£4.28 (n=28) 9247 +857 (n=36) 0.007a
1-hour OGTT glucose (mg/dL)* 123.64+14.75 (n=28) 159.53+28.16 (h=36) <0.007»
2-hour OGTT glucose (mg/dL)* 110.89+17.98 (n=28) 128.50+£16.71 (n=36) <0.0012
HbA1c (%) 4.95+0.40 5324061 0.002°
GDM treatment modality, n (%)

Lifestyle/diet only - 32 (80%) —
Insulin therapy - 5(12.5%) —

Not followed-up - 3 (7.5%) —

Footnotes. Values are presented as mean £ standard deviation. p values indicate between-group comparisons.2Independent samples t-test; "Mann-Whitney U test.
*OGTT-related measurements were available for a subset of participants due to incomplete test records; analyses were performed using available-case data. BMI:
body mass index; OGTT: oral glucose tolerance test; GDM: gestational diabetes mellitus. Treatment modality is presented descriptively for the GDM group and was

included as a covariate in multivariable analyses

Table 2A Baseline neonatal birth characteristics

Variable GDM (=) (n=40) GDM (+) (n=40) pvalue
Gestational age (weeks) 3845+1.03 3848+127 0.942
Sex (male/female), n 18/22 23/17 0.35°
Birth weight (g) 3080.13+45091 3363.13+465.78 0.0072
Birth length (cm) 49.00+£2.28 4963+3.18 0322
APGAR score (1 min) 7.67+1.02 7.80+0.82 0.552
APGAR score (5 min) 8.78+0.86 8.93+0.57 0.362

Footnotes: Values are presented as mean+SD or number.? Independent
samples t-test; ® Chi-square test. GDM: gestational diabetes mellitus

Table 2B Postnatal neonatal biochemical measurements

Variable GDM (-) GDM (+) p value
Early neonatal blood ~ 66.52+10.57 51.68+8.12 <0.0012
glucose (mg/dL)* (n=27) (n=19)
WBC (10%/uL) 15724546 14.29+437 0.348
(n=27) (n=19)
CRP (mg/L) 355+3.56 (n=27) 6.38+9.00 0.142
(n=19)

Footnotes: Values are presented as mean+SD.* Independent samples t-test.*
Early neonatal blood glucose was measured at 30 min after birth during routine
clinical monitoring. WBC: white blood cell count; CRP: C-reactive protein

Table 2C Postnatal growth and feeding characteristics
GDM (-) (n=40) GDM (+) (n=40) p

Variable

value
Weight at 1T month (g) 3902.13+554.24  4241.25+47850 0.012
Feeding type, n (%) 0.74%

— Exclusive
breastfeeding
— Formula feeding 3(7.5%) 2 (5.0%)
— Mixed feeding 12 (30.0%) 15 (37.5%)
Footnotes: * Independent samples t-test; ® Chi-square test

25 (62.5%) 23 (57.5%)

Postnatal growth and feeding characteristics are pre-
sented in Table 2C. Weight at one month of age was sig-
nificantly higher in infants born to mothers with GDM
(p=0.01). The distribution of feeding types (exclusive

breastfeeding, formula feeding, or mixed feeding),
recorded descriptively at one month, did not differ sig-
nificantly between groups (p =0.74).

Umbilical cord serum asprosin and subfatin concen-
trations, neonatal birth weight and early neonatal blood
glucose levels were further evaluated using MANCOVA,
adjusting for maternal age, body mass index (BMI), fetal
sex and GDM treatment modality. Umbilical cord serum
asprosin and subfatin levels in the GDM and control
groups are illustrated in Fig. 1. In univariate analyses,
early neonatal blood glucose levels remained signifi-
cantly lower in the GDM group compared with controls
after adjustment (p<0.001). In contrast, the previously
observed between-group differences in birth weight
(adjusted p=0.25), umbilical cord asprosin (adjusted
p=0.26) and subfatin levels (adjusted p=0.23) were no
longer statistically significant after controlling for con-
founding variables (Table 3).

Partial correlation analyses adjusted for maternal BMI
were performed to explore associations between umbili-
cal cord adipokines and neonatal outcomes (Table 4). A
strong positive correlation was observed between aspro-
sin and subfatin levels (r=0.96, p<0.001). In contrast,
neither asprosin nor subfatin levels were significantly
correlated with neonatal anthropometric measures,
blood glucose levels, Apgar scores, or inflammatory
markers (all p>0.05).

Discussion

In the present study, we investigated umbilical cord
blood levels of asprosin and subfatin in pregnancies com-
plicated by GDM and examined their relationships with
neonatal metabolic outcomes. In unadjusted analyses,
cord blood asprosin and subfatin levels were lower in
the GDM group, and infants born to mothers with GDM
had higher birth weight and greater weight at one month.
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Fig. 1 Umbilical cord serum asprosin and subfatin levels in neonates born to mothers with and without gestational diabetes mellitus. Data are presented
as box-and-whisker plots generated using jamovi software, showing the median (central line), interquartile range (box), and minimum-maximum values

(whiskers). Concentrations are expressed in ng/mL

Table 3 Umbilical cord serum asprosin and subfatin
concentrations: unadjusted and adjusted analyses

Table 4 Partial correlations between umbilical cord adipokines
and neonatal outcomes

Parameter Group n MeanxSD Unad- Ad-
justed justed
4 p
valuet value™
Asprosin (ng/mL) GDM (=) 37 35.63+26.97 0.01 0.26
GDM (+) 32 23.15+10.21
Subfatin (hg/mL) GDM (=) 34 417+3.11 0.03 0.23
GDM (+) 31 2.85+145
Birth weight ()  GDM (=) 40 3080.13+450.91 0.007 025
GDM (+) 40 3363.13+465.78
Early neonatal GDM (=) 27 66.52+1057 <0.001 <0.001
blood glucose
(mg/dL)
GDM (+) 19 51.68+8.12

Footnotes: Values are presented as mean + standard deviation (SD)..Unadjusted
p values were calculated using Student’s t-test."Adjusted p values were
obtained from multivariate analysis of covariance (MANCOVA) controlling for
maternal age, body mass index (BMI), fetal sex and GDM treatment modality.
Sample sizes vary due to missing measurements. A p value < 0.05 was considered
statistically significant.Abbreviations: GDM, gestational diabetes mellitus

However, the most consistent finding was that early neo-
natal blood glucose levels were lower in the GDM group
during early postnatal follow-up. After adjustment for
maternal age, body mass index, fetal sex and GDM treat-
ment modality the differences in cord blood adipokine
levels were no longer significant, suggesting that these
differences may be related to underlying maternal and
fetal characteristics rather than representing indepen-
dent effects of GDM. In contrast, early neonatal blood
glucose levels remained significantly different after mul-
tivariable adjustment, indicating an association with
maternal glycemic status than with cord blood adipo-
kine levels. Although early neonatal blood glucose lev-
els remained statistically significant after multivariate
adjustment, the effective sample size for this analysis was

Variable Aspro- pvalue Sub- p
sin (r) fatin  value
(n
Umbilical cord subfatin 0.96 <0001 — —
Birth weight (g) -0.09 045 -0.18 0.16
Birth length (cm) -0.19 0.13 -022 008
Weight at 1 month (g) -0.13 0.31 -0.21  0.10
APGAR score (1 min) 0.07 0.57 0.04 0.75
APGAR score (5 min) -0.02 090 006 063
Early neonatal blood glucose 0.20 024 017 0.32
(mg/dL)
Hemoglobin (g/dL) -0.01 097 =009 060

White blood cell count (10°/uL) 0.06 0.74 0.09 0.60
-0.17 0.32 -017 034

Footnotes: Values represent Pearson partial correlation coefficients adjusted
for maternal body mass index (BMI). Analyses were performed using available-
case data. p <0.05 was considered statistically significant

C-reactive protein (mg/L)

reduced due to missing data. The missing data primarily
resulted from the fact that early neonatal blood glucose
measurements were obtained based on clinical indication
during routine neonatal care, rather than being system-
atically performed in all participants. Given the number
of covariates included in the adjusted model, the possibil-
ity of reduced model stability and overfitting cannot be
entirely disregarded. Therefore, these findings should be
interpreted with caution and validated in larger prospec-
tive cohorts.

To further explore the relationship between cord blood
adipokines and neonatal outcomes, partial correlation
analyses adjusted for maternal BMI were performed.
Maternal BMI was selected as the primary covariate in
partial correlation analyses due to its well-established
association with adipokine secretion and fetal growth.
Apart from a strong positive correlation between
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asprosin and subfatin levels, no significant associations
were observed between cord blood adipokines and neo-
natal anthropometric measures, early neonatal blood
glucose levels or inflammatory markers. These findings
suggest that while asprosin and subfatin may be closely
interrelated, they are not independently associated with
neonatal outcomes in this cohort. This lack of correla-
tion further supports the interpretation that cord blood
adipokine alterations reflect the intrauterine metabolic
environment rather than serving as direct determinants
of neonatal metabolic status.

Previous large-scale and cohort studies have consis-
tently reported higher maternal age and BMI in preg-
nancies complicated by gestational diabetes mellitus,
along with an increased risk of adverse neonatal out-
comes such as macrosomia, neonatal hypoglycemia,
neonatal infections, low Apgar scores and respiratory
complications [36—38]. In line with these findings, our
study also observed higher maternal age and BMI in the
GDM group, while gestational weight gain did not differ
between groups. Similarly, infants born to mothers with
GDM had higher birth weights and lower early neonatal
blood glucose levels.

However, unlike some previous reports, we did not
observe significant differences in Apgar scores, inflam-
matory markers or indicators of neonatal distress
between groups. These discrepancies may be related to
differences in cohort size, prenatal care quality, maternal
glycemic control, delivery practices and postnatal sup-
portive care, which can substantially influence neonatal
outcomes across studies.

By examining umbilical cord blood asprosin and sub-
fatin levels alongside neonatal outcomes, our study adds
to the limited data on fetal adipokine profiles in preg-
nancies complicated by GDM. While several previous
studies have reported increased maternal and/or fetal
asprosin levels in GDM, we observed lower umbilical
cord asprosin concentrations. Specifically, Zhong et al.
reported higher maternal and cord blood asprosin levels
and demonstrated placental expression of asprosin, sug-
gesting the placenta as a potential source, while Boz et al.
and Hoffmann et al. also described elevated maternal and
fetal asprosin levels in GDM pregnancies. In addition,
Yalinbas et al. reported higher neonatal serum asprosin
levels in infants born to mothers with GDM [33, 39-41].
Based on these findings, asprosin has been proposed as a
hormone associated with insulin-resistant states such as
GDM.

However, the discrepancy between these reports and
our observation of lower umbilical cord asprosin levels
underscores the heterogeneity of asprosin regulation in
the fetal compartment. Importantly, when maternal age,
body mass index and fetal sex were accounted for in mul-
tivariable analyses, the differences in cord blood asprosin
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were no longer statistically significant, indicating that
this adipokine alterations may not represent independent
effects of GDM. Differences in study design, population
characteristics, maternal glycemic control and GDM
treatment strategies may further contribute to this het-
erogeneity, suggesting that maternal, placental and fetal
asprosin dynamics may vary across clinical contexts.

In a study evaluating maternal obesity and excessive
gestational weight gain (EGWG), umbilical cord blood
asprosin levels were reported to be higher in the EGWG
group, while maternal asprosin concentrations did not
differ between groups. Although neonatal Apgar scores
were lower in the EGWG group, birth weight was simi-
lar between groups [42]. In our study, gestational weight
gain did not differ between groups; however, umbilical
cord asprosin levels were lower, whereas neonatal birth
weight and weight at one month were higher in pregnan-
cies complicated by GDM.

The lower asprosin levels observed in the GDM group
were mainly evident in unadjusted analyses and were
attenuated after adjustment for maternal and fetal char-
acteristics. Accordingly, interpretations related to placen-
tal function or fetal glucose regulation remain speculative
and should be approached with caution in this observa-
tional context. Chronic intrauterine exposure to maternal
hyperglycemia and hyperinsulinemia has been associ-
ated with changes in fetal hormonal balance, which could
influence adipokine profiles. Similar hormonal patterns,
including reduced ghrelin and increased insulin or
leptin levels, have been described in infants born to dia-
betic mothers [43—46]. In our study, the observation of
lower neonatal blood glucose levels in the GDM group
is consistent with these hormonal alterations, although
causal relationships cannot be established. Moreover,
the absence of measurements of key metabolic media-
tors such as insulin and leptin limits further mechanistic
interpretation of these associations.

Consistent with our findings for asprosin, umbilical
cord subfatin levels were lower in the GDM group in
unadjusted analyses. The existing literature on subfatin in
the context of GDM remains limited and studies specifi-
cally examining umbilical cord subfatin levels are rare. In
this context, our findings add to the limited available evi-
dence by reporting lower cord blood subfatin concentra-
tions in infants born to mothers with GDM.

Ozturk et al. reported higher maternal and cord blood
subfatin levels in pregnancies complicated by GDM [47].
In contrast, our study demonstrated significantly lower
umbilical cord subfatin levels in the GDM group in the
unadjusted analysis. This discrepancy highlights the het-
erogeneity of subfatin regulation in the fetal compart-
ment. Lower subfatin levels in GDM-exposed fetuses
may be related to alterations in fetal metabolic or inflam-
matory balance; however, these interpretations remain
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speculative given the observational nature of the data.
Supporting this variability, Lappas et al. reported that
both maternal obesity and GDM were associated with
lower adipokine concentrations in cord plasma [48].
Taken together, these findings suggest that fetal adipo-
kine profiles may vary across different metabolic condi-
tions, rather than indicating a uniform response to GDM.
Importantly, in our study, the observed difference in cord
blood subfatin levels was evident in univariate analyses
but did not persist after multivariable adjustment, fur-
ther underscoring the potential influence of confounding
factors.

Although infants born to mothers with GDM tended to
have higher weight at one month of age, the distribution
of feeding types (exclusive breastfeeding, formula feeding
and mixed feeding) did not differ significantly between
groups. This suggests that postnatal feeding practices
alone are unlikely to fully explain the observed differences
in early weight gain. Instead, these findings raise the pos-
sibility that prenatal factors related to the intrauterine
metabolic environment may contribute to early growth
patterns in infants born to mothers with GDM. However,
given the observational design and lack of adjustment for
postnatal exposures, causal inferences cannot be drawn.
These assessments should be interpreted as exploratory
and hypothesis-generating inferences rather than confir-
matory results.

Given the potential influence of treatment strategies in
gestational diabetes mellitus, we also examined whether
variability in GDM management affected neonatal out-
comes and cord blood adipokine levels. In multivariate
models including GDM treatment modality as a covari-
ate, treatment type did not show a significant indepen-
dent effect on umbilical cord asprosin or subfatin levels,
nor on neonatal anthropometric outcomes. This finding
indicates that differences in GDM treatment approaches
may have a limited impact on the observed variations
in adipokine levels. However, as treatment intensity and
glycemic control may vary within treatment categories,
residual confounding cannot be entirely excluded.

Our study has several limitations. First, our sample
size is limited and there are missing data in some param-
eters, which may limit the generalizability of the results.
Although sample size calculations were performed
beforehand, these calculations were based on expected
mean differences between groups and did not account for
possible missing data or the need for multivariate adjust-
ment models. Therefore, the study may be insufficient
for certain secondary and adjusted analyses. This limita-
tion should be considered when interpreting multivari-
ate findings. Furthermore, as the study was conducted
at a single center, its applicability to different geographic
and socioeconomic populations is limited. Neonatal bio-
chemical measurements were obtained as part of routine
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clinical care; therefore, missing data were mostly due to
clinical indications rather than study-related factors, but
non-random missingness cannot be entirely ruled out.

The cross-sectional nature of the study limits the abil-
ity to draw causal inferences regarding early metabolic
programming. Umbilical cord adipokine levels represent
a single time-point measurement at birth and may reflect
transient intrauterine metabolic conditions rather than
long-term programming effects. In addition, the absence
of longitudinal metabolic follow-up of the offspring pre-
cludes conclusions regarding future metabolic risk. Fur-
thermore, key metabolic mediators such as insulin and
leptin, which may play central roles in fetal metabolic
regulation, were not measured. Therefore, our findings
should be interpreted as associative rather than causal,
and future longitudinal studies incorporating compre-
hensive hormonal profiling are warranted to clarify the
role of adipokines in fetal metabolic programming.

Although intra- and inter-assay CV values provided
by the manufacturer for ELISA kits were within accept-
able ranges, no additional in-house assay verification was
performed. In addition, formal batch-to-batch variabil-
ity analyses were not conducted. These factors should be
considered when interpreting the analytical variability of
adipokine measurements.

Conclusion

In this cross-sectional study, gestational diabetes mel-
litus was associated with differences in neonatal growth
and early postnatal glucose regulation. Although umbili-
cal cord blood asprosin and subfatin levels were lower
in unadjusted analyses, these differences were attenu-
ated after multivariable adjustment, suggesting that cord
blood adipokine levels are influenced by maternal and
fetal characteristics rather than representing indepen-
dent effects of GDM. In contrast, neonatal blood glu-
cose levels remained robustly associated with maternal
glycemic status. These findings indicate that umbilical
cord adipokines reflect the intrauterine metabolic envi-
ronment but have limited utility as independent neona-
tal biomarkers, warranting further investigation in larger
longitudinal studies.
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