
R E S E A R C H Open Access

© The Author(s) 2026. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​:​​​/​​/​c​r​e​a​t​i​​
v​e​c​​o​m​m​​o​n​​s​​.​o​​r​​g​/​​l​i​c​​e​n​s​​​e​s​​/​​b​y​​-​n​c​​-​​n​d​/​4​.​0​/.

Efe Camili et al. BMC Endocrine Disorders          (2026) 26:108 
https://doi.org/10.1186/s12902-026-02221-1

BMC Endocrine Disorders

*Correspondence:
Figen Efe Camili
figen.camili@balikesir.edu.tr

Full list of author information is available at the end of the article

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 Balıkesir University Faculty of Medicine Hospital between August 2025 and October 2025. Maternal 
demographic characteristics, 75-g oral glucose tolerance test results, HbA1c 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, HbA1c 
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 ± 1.45 vs. 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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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 Balıkesir 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 

adipokines reflect the intrauterine metabolic environment but may have limited value as independent neonatal 
biomarkers.

Clinical trial number  Not applicable.

Keywords  Asprosin, Subfatin, Gestational diabetes mellitus, Umbilical cord blood, Adipokines, Neonatal outcomes



Page 3 of 9Efe Camili et al. BMC Endocrine Disorders          (2026) 26:108 

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 HbA1c 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 Subfatın (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 R² 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 

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 BMI.

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 HbA1c 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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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. 

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 ± 4.35 29.65 ± 5.06 0.02ᵃ
Gestational age (weeks) 38.45 ± 1.03 38.48 ± 1.27 0.94ᵃ
Pre-pregnancy BMI (kg/m²) 28.18 ± 3.43 (n = 40) 30.58 ± 3.94 (n = 38) 0.005ᵃ
Gestational weight gain (kg) 12.99 ± 5.35 11.88 ± 5.03 0.34ᵃ
Fasting glucose (mg/dL)* 81.71 ± 4.28 (n = 28) 92.47 ± 8.57 (n = 36) 0.001ᵃ
1-hour OGTT glucose (mg/dL)* 123.64 ± 14.75 (n = 28) 159.53 ± 28.16 (n = 36) < 0.001ᵃ
2-hour OGTT glucose (mg/dL)* 110.89 ± 17.98 (n = 28) 128.50 ± 16.71 (n = 36) < 0.001ᵃ
HbA1c (%) 4.95 ± 0.40 5.32 ± 0.61 0.002ᵇ
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.ᵃIndependent samples t-test; ᵇMann–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) p value
Gestational age (weeks) 38.45 ± 1.03 38.48 ± 1.27 0.94ᵃ
Sex (male/female), n 18 / 22 23 / 17 0.35ᵇ
Birth weight (g) 3080.13 ± 450.91 3363.13 ± 465.78 0.007ᵃ
Birth length (cm) 49.00 ± 2.28 49.63 ± 3.18 0.32ᵃ
APGAR score (1 min) 7.67 ± 1.02 7.80 ± 0.82 0.55ᵃ
APGAR score (5 min) 8.78 ± 0.86 8.93 ± 0.57 0.36ᵃ
Footnotes: Values are presented as mean ± SD or number.ᵃ Independent 
samples t-test; ᵇ Chi-square test. GDM: gestational diabetes mellitus

Table 2B  Postnatal neonatal biochemical measurements
Variable GDM (−) GDM (+) p value
Early neonatal blood 
glucose (mg/dL)*

66.52 ± 10.57 
(n = 27)

51.68 ± 8.12 
(n = 19)

< 0.001ᵃ

WBC (10³/µL) 15.72 ± 5.46 
(n = 27)

14.29 ± 4.37 
(n = 19)

0.34ᵃ

CRP (mg/L) 3.55 ± 3.56 (n = 27) 6.38 ± 9.00 
(n = 19)

0.14ᵃ

Footnotes: Values are presented as mean ± SD.ᵃ 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
Variable GDM (−) (n = 40) GDM (+) (n = 40) p 

value
Weight at 1 month (g) 3902.13 ± 554.24 4241.25 ± 478.50 0.01ᵃ
Feeding type, n (%) 0.74ᵇ
─ Exclusive 
breastfeeding

25 (62.5%) 23 (57.5%)

─ Formula feeding 3 (7.5%) 2 (5.0%)

─ Mixed feeding 12 (30.0%) 15 (37.5%)
Footnotes: ᵃ Independent samples t-test; ᵇ Chi-square test
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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 

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 

Table 3  Umbilical cord serum asprosin and subfatin 
concentrations: unadjusted and adjusted analyses
Parameter Group n Mean ± SD Unad-

justed 
p 
valueᵗ

Ad-
justed 
p 
valueᵐ

Asprosin (ng/mL) GDM (−) 37 35.63 ± 26.97 0.01 0.26

GDM (+) 32 23.15 ± 10.21

Subfatin (ng/mL) GDM (−) 34 4.17 ± 3.11 0.03 0.23

GDM (+) 31 2.85 ± 1.45

Birth weight (g) GDM (−) 40 3080.13 ± 450.91 0.007 0.25

GDM (+) 40 3363.13 ± 465.78

Early neonatal 
blood glucose 
(mg/dL)

GDM (−) 27 66.52 ± 10.57 < 0.001 < 0.001

GDM (+) 19 51.68 ± 8.12
Footnotes: Values are presented as mean ± standard deviation (SD).ᵗUnadjusted 
p values were calculated using Student’s t-test.ᵐAdjusted 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

Table 4  Partial correlations between umbilical cord adipokines 
and neonatal outcomes
Variable Aspro-

sin (r)
p value Sub-

fatin 
(r)

p 
value

Umbilical cord subfatin 0.96 < 0.001 — —

Birth weight (g) −0.09 0.45 −0.18 0.16

Birth length (cm) −0.19 0.13 −0.22 0.08

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 0.90 −0.06 0.63

Early neonatal blood glucose 
(mg/dL)

0.20 0.24 0.17 0.32

Hemoglobin (g/dL) −0.01 0.97 −0.09 0.60

White blood cell count (10³/µL) 0.06 0.74 0.09 0.60

C-reactive protein (mg/L) −0.17 0.32 −0.17 0.34
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

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
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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, 
Yalınbaş 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 

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 

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.

Acknowledgements
We would like to thank the Scientific Research Projects Unit of Balıkesir 
University for the support provided in the conduct of this study.

Author contributions
Conceptualization, F.E.Ç., Ö.K.A.; Data curation, F.E.Ç., Ö.K.A. B.B.C.; Formal 
analysis, S.A., M.A.Y.; Methodology, F.E.Ç., Ö.K.A.; Supervision, S.A., G.G., M.İ.T.; 
Writing – original draft, F.E.Ç., Ö.K.A.; Writing – review & editing, F.E.Ç., S.A., 
Ö.K.A., G.G., M.İ.T. All authors have read and agreed to the published version of 
the manuscript.

Funding
This work was supported by Balıkesir University Scientific Research Projects 
Unit under project number: 2025/087.



Page 8 of 9Efe Camili et al. BMC Endocrine Disorders          (2026) 26:108 

Data availability
The data that support the findings of this study are available from the 
corresponding author upon reasonable request and with permission. Access 
to the data requires approval from the corresponding author due to privacy 
and ethical considerations.

Declarations

Ethics approval and informed consent
This study was approved by the Ethics Committee of Balıkesir University 
Faculty of Health Sciences. (Decision No:2025/283). The study was conducted 
in accordance with the principles of the Declaration of Helsinki and adhered 
to the ethical standards of the country in which the research was carried out. 
Informed consent was obtained from all subjects involved in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Obstetrics and Gynecology, Faculty of Medicine, Balikesir 
University, (Bigadiç Road, 17th km) 10145, Altıeylül, Balikesir, Türkiye
2Department of Pediatrics, Faculty of Medicine, Balikesir University, 
Balikesir, Türkiye
3Department of Medical Biochemistry, Faculty of Medicine, Balikesir 
University, Balikesir, Türkiye

Received: 11 December 2025 / Accepted: 4 March 2026

References
1.	 American Diabetes Association Professional Practice Committee. 2. Classifica-

tion and Diagnosis of Diabetes: Standards of Medical Care in Diabetes-2022. 
Diabetes Care. 2022;45(Suppl 1):S17–38.

2.	 Wang H, Li N, Chivese T, Werfalli M, Sun H, Yuen L, Hoegfeldt CA, Elise Powe 
C, Immanuel J, Karuranga S, Divakar H, Levitt N, Li C, Simmons D, Yang X, IDF 
Diabetes Atlas Committee Hyperglycaemia in Pregnancy Special Interest 
Group. IDF Diabetes Atlas: Estimation of Global and Regional Gestational Dia-
betes Mellitus Prevalence for 2021 by International Association of Diabetes in 
Pregnancy Study Group’s Criteria. Diabetes Res Clin Pract. 2022;183:109050.

3.	 Sartayeva A, Danyarova L, Begalina D, Nurgalieva Z, Baikadamova L, Adilova 
G. GESTATIONAL DIABETES: PREVALENCE AND RISKS FOR THE MOTHER AND 
CHILD (REVIEW). Georgian Med News. 2022;328–329:47–52.

4.	 Lee KW, Ching SM, Ramachandran V, Yee A, Hoo FK, Chia YC, Wan Sulaiman 
WA, Suppiah S, Mohamed MH, Veettil SK. Prevalence and risk factors of gesta-
tional diabetes mellitus in Asia: a systematic review and meta-analysis. BMC 
Pregnancy Childbirth. 2018;18(1):494.

5.	 Zhu Y, Zheng Q, Pan Y, Jiang X, Li J, Liu R, Huang L. Association between 
prepregnancy body mass index or gestational weight gain and adverse preg-
nancy outcomes among Chinese women with gestational diabetes mellitus: 
a systematic review and meta-analysis. BMJ Open. 2024;14(2):e075226.

6.	 Fotă A, Petca A. Gestational Diabetes Mellitus: The Dual Risk of Small and 
Large for Gestational Age: A Narrative Review. Med Sci (Basel). 2025;13(3):144.

7.	 Dmitrenko O, Karpova N, Nurbekov M. Increased Preeclampsia Risk in GDM 
Pregnancies: The Role of SIRT1 rs12778366 Polymorphism and Telomere 
Length. Int J Mol Sci. 2025;26(7):2967.

8.	 Reitzle L, Heidemann C, Baumert J, Kaltheuner M, Adamczewski H, Icks A, 
Scheidt-Nave C. Pregnancy Complications in Women With Pregestational and 
Gestational Diabetes Mellitus. Dtsch Arztebl Int. 2023;120(6):81–6.

9.	 Karkia R, Giacchino T, Hii F, Bradshaw C, Ramadan G, Akolekar R. Gestational 
diabetes mellitus: relationship of adverse outcomes with severity of disease. J 
Matern Fetal Neonatal Med. 2024;37(1):2356031.

10.	 Lee J, Lee NK, Moon JH. Gestational Diabetes Mellitus: Mechanisms 
Underlying Maternal and Fetal Complications. Endocrinol Metab (Seoul). 
2025;40(1):10–25.

11.	 Abdelwahab M, Frey HA, Lynch CD, Klebanoff MA, Thung SF, Costantine MM, 
Landon MB, Venkatesh KK. Association between Diabetes in Pregnancy and 

Shoulder Dystocia by Infant Birth Weight in an Era of Cesarean Delivery for 
Suspected Macrosomia. Am J Perinatol. 2023;40(9):929–36.

12.	 Deng Y, Wu H, Ng NYH, Tam CHT, Tsang AYT, Chan MHM, Lo KKH, Wang 
CC, Tam WH, Ma RCW. Association between maternal glucose levels in 
pregnancy and offspring’s metabolism and adiposity: an 18-year birth cohort 
study. Diabetologia. 2025;68(10):2205–16.

13.	 Malik N, Ahmad A, Ashraf H. Metabolic Profile of Offspring of Mothers with 
Gestational Diabetes Mellitus. Indian J Endocrinol Metab. 2024;28(2):192–6.

14.	 Hillick D, O’Reilly D, Murphy L, Breathnach F, McCallion N. Increased risk of 
admission to neonatal intensive care unit in neonates born to mothers with 
pregestational diabetes. Eur J Pediatr. 2025;184(6):354.

15.	 Qian L, Xin T, Xu W, Zhu J. Effect of maternal gestational diabetes mellitus on 
neurodevelopment in late preterm infants at the corrected age of 12 months. 
Sci Rep. 2025;15(1):14139.

16.	 Ezveci H, Dogru S, Yaman FK, Bahçeci P, Yildiz HB, Kan MU, Kilinç İ, Gezginç 
K. First-trimester prediction of gestational diabetes mellitus using resistin, 
chemerin, progranulin, omentin, and IL-10. Cytokine. 2025;196:157057.

17.	 Kučerová V, Karásek D, Krystyník O, Štefaničková L, Němeček V, Friedecký D. 
Adipokine Levels of RBP4, Resistin and Nesfatin-1 in Women Diagnosed With 
Gestational Diabetes. Physiol Res. 2024;73(6):1037–48.

18.	 Gruber BL, Rawal Y, Irabor P, Sellers EAC, Pylypjuk C, Dolinsky VW, Wicklow BA. 
Differential effects of type 2 diabetes and gestational diabetes on maternal 
and cord blood adipokines and newborn weight. BMC Pregnancy Childbirth. 
2025;25(1):238.

19.	 Zhang Y, Yang P, Zhang X, Liu S, Lou K. Asprosin: its function as a novel 
endocrine factor in metabolic-related diseases. J Endocrinol Invest. 
2024;47(8):1839–50.

20.	 Diao H, Li X, Xu Y, Xing X, Pang S. Asprosin, a novel glucogenic adipo-
kine implicated in type 2 diabetes mellitus. J Diabetes Complications. 
2023;37(11):108614.

21.	 Ozyalcin B, Sanlier N. Chemerin and Asprosin as Promising Biomarkers of 
Metabolic Syndrome: A Scoping Review. Curr Obes Rep. 2025;14(1):75.

22.	 Khan S, Syeda S, Raghuvanshi Y, Shrivastava A. Pathophysiological insights 
into asprosin: an emerging adipokine in reproductive health. Rev Endocr 
Metab Disord. 2025 Jun 9. Online ahead of print.

23.	 Liu LJ, Kang YR, Xiao YF. Increased asprosin is associated with non-alcoholic 
fatty liver disease in children with obesity. World J Pediatr. 2021;17(4):394–9.

24.	 Skowrońska M, Pawłowski M, Dyszkiewicz A, Buczyńska A, Milewski R. The 
Role of Asprosin in Females in the Context of Fertility-An Exploratory Study. J 
Clin Med. 2025;14(15):5527.

25.	 Liang D, Li X, Xiang C, Xu M, Ren Y, Zheng F, Ma L, Yang J, Wang Y, Xu L. The 
correlation between serum asprosin and type 2 diabetic patients with obe-
sity in the community. Front Endocrinol (Lausanne). 2025;16:1535668.

26.	 Kościuszko M, Buczyńska A, Duraj E, Adamska A, Siewko K, Krętowski AJ, 
Popławska-Kita A. Associations between asprosin, insulin resistance, and 
oxidative stress in adults with obesity. Sci Rep. 2025;15(1):40849.

27.	 Li Z, Gao Z, Sun T, Zhang S, Yang S, Zheng M, Shen H. Meteorin-like/Metrnl, 
a novel secreted protein implicated in inflammation, immunology, and 
metabolism: A comprehensive review of preclinical and clinical studies. Front 
Immunol. 2023;14:1098570.

28.	 Alizadeh H. Meteorin-like protein (Metrnl): A metabolic syndrome biomarker 
and an exercise mediator. Cytokine. 2022;157:155952.

29.	 Liu M, Gao X, Tian Y, Li H, Yin Z, Han L, Zhang L. Serum Metrnl is Decreased in 
Metabolic Dysfunction-Associated Fatty Liver Disease: A Case-Control Study. 
Diabetes Metab Syndr Obes. 2024;17:533–43.

30.	 Ding X, Chang X, Wang J, Bian N, An Y, Wang G, Liu J. Serum Metrnl levels 
are decreased in subjects with overweight or obesity and are indepen-
dently associated with adverse lipid profile. Front Endocrinol (Lausanne). 
2022;13:938341.

31.	 Moradi N, Fadaei R, Roozbehkia M, Nourbakhsh M, Nourbakhsh M, Razzaghy-
Azar M, Larijani B. Meteorin-like Protein and Asprosin Levels in Children and 
Adolescents with Obesity and Their Relationship with Insulin Resistance and 
Metabolic Syndrome. Lab Med. 2023;54(5):457–63.

32.	 Xie J, Jiang Y, Yao J, Feng B, Sun X. Relationship between Meteorin-like protein 
and type 2 diabetes mellitus: an update and meta-analysis. Endocr Connect. 
2025;14(9):e250452.

33.	 Zhong L, Long Y, Wang S, Lian R, Deng L, Ye Z, Wang Z, Liu B. Continuous ele-
vation of plasma asprosin in pregnant women complicated with gestational 
diabetes mellitus: A nested case-control study. Placenta. 2020;93:17–22.

34.	 Rezvan N, Hosseinzadeh-Attar MJ, Masoudkabir F, Moini A, Janani L, Mazahe-
rioun M. Serum visfatin concentrations in gestational diabetes mellitus and 
normal pregnancy. Arch Gynecol Obstet. 2012;285(5):1257–62.



Page 9 of 9Efe Camili et al. BMC Endocrine Disorders          (2026) 26:108 

35.	 World Health Organization. Diagnostic criteria and classification of hypergly-
caemia first detected in pregnancy. Geneva: World Health Organization; 2013.

36.	 Liu Y, Wang M, Zhou J. Impact of Gestational Diabetes Mellitus on Neonatal 
Birth Outcomes. Br J Hosp Med (Lond). 2024;85(11):1–12.

37.	 Zhang X, Wang Y, Zhao H, Chen S, Gao X. A retrospective study to investigate 
the risk factors for gestational diabetes mellitus and its impact on maternal 
and neonatal outcomes. J Diabetes Complications. 2025;39(6):109035.

38.	 Malaza N, Masete M, Adam S, Dias S, Nyawo T, Pheiffer C. A Systematic Review 
to Compare Adverse Pregnancy Outcomes in Women with Pregesta-
tional Diabetes and Gestational Diabetes. Int J Environ Res Public Health. 
2022;19(17):10846.

39.	 Boz İB, Aytürk Salt S, Salt Ö, Sayın NC, Dibirdik İ. Association Between Plasma 
Asprosin Levels and Gestational Diabetes Mellitus. Diabetes Metab Syndr 
Obes. 2023;16:2515–21.

40.	 Hoffmann T, Morcos YAT, Janoschek R, Turnwald EM, Gerken A, Müller A, 
Sengle G, Dötsch J, Appel S, Hucklenbruch-Rother E. Correlation of metabolic 
characteristics with maternal, fetal and placental asprosin in human preg-
nancy. Endocr Connect. 2022;11(3):e220069.

41.	 Yalınbaş EE, Akcılar R. Evaluation of the relationship between neonatal 
serum asprosin levels and anthropometric measurements in newborns 
of mothers with and without gestational diabetes mellitus. Turk J Pediatr. 
2023;65(5):748–57.

42.	 Behrasi F, Karajibani M, Khayat S, Fanaei H, Montazerifar F. Association of 
maternal and umbilical cord blood asprosin with excessive gestational 
weight gain. Nutr Bull. 2022;47(1):50–6.

43.	 Ng PC, Lee CH, Lam CW, Wong E, Chan IH, Fok TF. Plasma ghrelin and resistin 
concentrations are suppressed in infants of insulin-dependent diabetic 
mothers. J Clin Endocrinol Metab. 2004;89(11):5563–8.

44.	 Higgins M, Mc Auliffe F. A review of maternal and fetal growth factors in 
diabetic pregnancy. Curr Diabetes Rev. 2010;6(2):116–25.

45.	 Choudhury AA, Devi Rajeswari V. Gestational diabetes mellitus - A metabolic 
and reproductive disorder. Biomed Pharmacother. 2021;143:112183.

46.	 Hufnagel A, Dearden L, Fernandez-Twinn DS, Ozanne SE. Programming of 
cardiometabolic health: the role of maternal and fetal hyperinsulinaemia. J 
Endocrinol. 2022;253(2):R47–63.

47.	 Yavuzkir S, Ugur K, Deniz R, Ustebay DU, Mirzaoglu M, Yardim M, Sahin İ, 
Baykus Y, Karagoz ZK, Aydin S. Maternal and umbilical cord blood subfatin 
and spexin levels in patients with gestational diabetes mellitus. Peptides. 
2020;126:170277.

48.	 Lappas M. Maternal obesity and gestational diabetes decrease Metrnl con-
centrations in cord plasma. J Matern Fetal Neonatal Med. 2021;34(18):2991–5.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Umbilical cord asprosin and subfatin levels in relation to neonatal metabolic outcomes in gestational diabetes mellitus: a cross-sectional study
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study design and participants
	﻿Asprosin and subfatin (Metrnl) measurement
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


