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ABSTRACT: Gestational diabetes mellitus (GDM) is linked to metabolic and endoctine
changes that may contribute to the development of fetal macrosomia and excessive fetal
growth. The present study aimed to evaluate some maternal metabolic biomarkers;
visfatin, adiponectin, human placental lactogen (HPL), and insulin concentrations, as well
as their correlation and diagnostic performance, in pregnancies with fetal macrosomia

induced by gestational diabetes.

In the third trimester (28—36 weeks of gestation), a case-control study was conducted
on 90 pregnant women. The study included 60 women with GDM who were carrying a
macrosomic fetus and 30 healthy pregnant women who maintained normal fetal growth.
enzyme-linked immunosorbent assay (ELISA) was employed to determine the
concentrations of visfatin, adiponectin, HPL, and insulin in the maternal serum. Pearson's
correlation coefficient, receiver operating characteristic (ROC) curve analysis, and
independent-samples t-test were implemented in the statistical analyses. Maternal serum
visfatin (3.136 £ 0.33 vs. 1.842 + 0.27 ng/mL), HPL (475.61 £ 29.55 vs. 338.06 + 19.21
ng/mlL), and insulin (8.28 £ 0.22 vs. 8.12 £ 0.15 mU/L) concentrations were significantly
higher in pregnancies with fetal macrosomia than in healthy controls, whereas adiponectin
concentrations wete significantly lower (9.03 + 0.17 vs. 13.62 £ 0.60 ng/mL) (P<0.01).
In the macrosomia group, correlation analysis revealed substantial positive correlations
between adiponectin and HPL, estimated fetal weight, and visfatin. The diagnostic
performance of adiponectin was the highest (AUC = 0.744), followed by visfatin (AUC
= 0.681), according to the ROC analysis. HPL exhibited limited diagnostic performance
(AUC = 0.508). These findings suggest that adiponectin may be a promising biomarker
for identifying pregnancies at increased risk of fetal macrosomia, and that maternal
adipokines and placental hormones are closely associated with the metabolic disturbances

underlying fetal macrosomia

1L.INTRODUCTION

Gestational diabetes mellitus (GDM) is a metabolic disorder that commonly affects pregnancy and is distinguished by glucose
intolerance that is initially identified during gestation[1]. Due to the increasing prevalence of maternal obesity, delayed
childbearing, and sedentary lifestyles, the global prevalence of GDM has seen a significant increase in recent decades[2]. GDM
is linked to a variety of adverse maternal and neonatal outcomes, such as fetal macrosomia, respiratory complications, neonatal

hypoglycemia, cesarean delivery, and hypertensive disorders[3]. GDM continues to be a significant public health concern due
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to its short- and long-term metabolic consequences for both mothers and their offspring, despite improvements in antenatal

care(4].

One of the most common complications of gestational diabetes mellitus (GDM) is fetal macrosomia, which is typically defined
by an abnormal intrauterine metabolic environment that leads to excessive fetal growth[5]. Maternal hyperglycemia induces
hyperinsulinemia and fetal pancreatic 8-cell hyperplasia by increasing the transport of glucose from the placenta to the fetus[6].
Because fetal insulin acts as a potent growth factor, an increase in fetal insulin secretion results in increased glycogen synthesis,
lipid deposition, and protein synthesis, which ultimately results in excessive fetal growth and an increase in birth weight[7]. As
a result, pregnancies that are complicated by fetal macrosomia are associated with a higher incidence of shoulder dystocia, birth

trauma, cesarean delivery, and adverse neonatal metabolic outcomes|8].

Maternal metabolic adaptation during pregnancy is regulated by a complex interaction between adipokines and placental
hormones, which affect insulin sensitivity, glucose homeostasis, and nutrient transport to the developing fetus[9]. Among these
biomarkers, visfatin has been implicated in glucose metabolism and possesses insulin-mimetic and pro-inflammatory properties,
whereas adiponectin enhances insulin sensitivity and exerts anti-inflammatory effects[10]. A peptide hormone secreted by the
syncytiotrophoblast, human placental lactogen (HPL), promotes physiological insulin resistance during pregnancy ensuring an
adequate supply of glucose and nutrients for fetal development[11]. Maternal insulin is a critical indicator of metabolic
adaptation in pregnancies complicated by GDM, as it reflects the degree of insulin resistance and the function of pancreatic -
cells[12]. The development of fetal macrosomia and excessive fetal growth may be influenced by changes in these hormonal

pathways[13].

Increasing evidence suggests that the pathophysiology of gestational diabetes mellitus and fetal overgrowth is significantly
influenced by changes in maternal adipokines and placental hormones|7][14]. Visfatin, adiponectin, human placental lactogen
(HPL), and insulin are among the most extensively investigated biomarkers due to their impact on glucose homeostasis, insulin
sensitivity, placental function, and fetal growth regulation|15]. Maternal metabolic imbalance, excessive nutrient transfer across
the placenta, and accelerated fetal growth may be influenced by dysregulation of these biomarkers[16]. Consequently, the
assessment of their circulating maternal concentrations may offer valuable insights into the mechanisms that underlie fetal

macrosomia and enhance comprehension of its metabolic foundation[17].

Thus, the current study aimed to evaluate maternal serum levels of insulin, visfatin, adiponectin, and human placental lactogen
between healthy pregnancies and pregnancies affected by fetal macrosomia. The study also evaluated the correlations among

these biomarkers and their diagnostic performance in predicting fetal macrosomia.
2.MATERIALS AND METHODS
2.1 Study Design and Participants

This case-control study was conducted at numerous obstetric clinics and maternity hospitals in Baghdad, Iraq, between
November 2025 and April 2026. The study included a total of 90 pregnant women in the third trimester of pregnancy (28-36
weeks of gestation). The participants were divided into two groups: 60 pregnant women diagnosed with gestational diabetes
mellitus (GDM) carrying a macrosomic fetus with weights (more than 4000 gm.) (case group), and 30 apparently healthy
pregnant women without GDM carrying fetuses with estimated fetal weights (less than 4000 gm. (control group). Maternal
demographic and clinical characteristics, such as maternal age, body mass index (BMI), gestational age, parity, previous history
of macrosomia, mode of previous delivery, chronic diseases, fasting blood sugar (FBS), timing of GDM diagnosis, and treatment
modality, were extracted from obstetric records and a structured questionnaire. Furthermore, fetal ultrasonography was used
to evaluate the following parameters: biparietal diameter (BPD), head circumference (HC), abdominal circumference (AC),
femur length (FL), estimated fetal weight (EFW), and amniotic fluid index (AFT).

2.2 Inclusion and Exclusion Criteria

This study was open to pregnant women aged 25—45 who were carrying singleton pregnancies between 28 and 36 weeks of
gestation. The case group was composed of women who were diagnosed with gestational diabetes mellitus and were carrying a
fetus with ultrasonographically diagnosed macrosomia. The control group consisted of pregnant women who were apparently
healthy and within the same gestational age range, with normal fetal growth. The investigation excluded women with pre-

existing type 1 or type 2 diabetes mellitus, chronic or infectious diseases during pregnancy, multiple pregnancies, unexplained
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miscarriage, smoking, and a maternal age below 20 years. The Scientific and Ethical Committees of the Department of Biology,
College of Science, University of Baghdad, formally conferred ethical approval. In compliance with the ethical standards for
human subjects research, written informed consent was obtained from all participants prior to enrollment.

2.3 Blood Sample Collection

During routine antenatal visits, venous blood samples (5 mL) were obtained from all participants under aseptic conditions.
Blood was transferred into plain tubes devoid of anticoagulant and allowed to clot at room temperature for 10-20 minutes.
Serum was subsequently obtained by centrifuging the samples at 3000 rpm for 15—20 minutes. The serum that was separated
was aliquoted into sterile Eppendorf tubes that were labeled and stored at -20°C until it was time for hormonal analysis. In
order to ensure the reliability of the analytical results and preserve the stability of the samples, it was avoided to perform repeated

freeze-thaw cycles.
2.4 Hormonal Assays

The manufacturer's instructions were followed for determining the concentrations of visfatin, adiponectin, human placental
lactogen (HPL), and insulin in the maternal serum using commercially available sandwich enzyme-linked immunosorbent assay
(ELISA) kits (SunLong Biotech, China). Using a microplate reader (BioBase, China), the absorbance was measured at 450 nm,

and the concentrations of each analyte were determined from the corresponding standard calibration curves.
2.5 Statistical Analysis

Statistical analyses were performed using SPSS version 26.0 IBM Corp., Armonk, NY, USA). The mean * standard deviation
(Mean * SD) was used to express continuous variables. The Chi-square (y?) test was employed to compare categorical variables,
while the independent-samples t-test was employed to compare the mean values between the case and control groups. The
relationships between the biomarkers and clinical variables under investigation were assessed using Pearson's correlation
coefficient (r). The diagnostic performance of the biomarkers under investigation was assessed by calculating the area under
the curve (AUC), sensitivity, and specificity using receiver operating characteristic (ROC) curve analysis. A P value of less than
0.05 was regarded as statistically significant, while a P value of less than 0.01 indicated a highly significant difference.

3. RESULTS AND DISCUSSION
3.1 General characteristics of the study population

Table 1. General characteristics of pregnant women with fetal macrosomia and healthy controls.

Pregnant women Pregnant women P-value
Character with macrosomic | with normal weight
fetus (n=060) fetus (n=30)
<30 17 (28.33%) 12 (40.00%) 0.2337 NS
Age (years)
31-35 34 (56.67%) 12 (40.00%) 0.0419 *
>35 9 (15.00%) 6 (20.00%) 0.5022 NS
<25 2 (3.33%) 20 (66.67%) 0.0001 **
BMI (kg/m?)
26-30 21 (35.00%) 10 (33.33%) 0.5627 NS
>30 37 (61.67%) 0 (0.00%) 0.0001 **
Gestational age at 30-33 49 (81.67%) 8 (26.67%) 0.0001 **
delivery (GA) (week)
34-36 11 (18.33%) 22 (73.33%) 0.0001 **
Mode of delivery Normal 27 (45.00%) 19 (63.33%) 0.0355 *
C. Section 33 (55.00%) 11 (36.67%) 0.03351 *
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Parity with macrosomia | Primipara (one macrosomia) 38 (63.33%) -
Multipara (other than one 22 (36.67%) - 0.0389 *
macrosomia)

* (P<0.05), ** (P<0.01), NS: Non-Significant.

The demographic and clinical characteristics of the study participants are summarized in Table 1. Body mass index (BMI),
gestational age, parity, and mode of delivery differed significantly (P<0.05) between pregnant women with GDM complicated
by fetal macrosomia and healthy pregnant women ,maternal age was categorized into three groups, as shown in Table 1. Only
the 31-35-year age group showed a significantly higher proportion in the macrosomia group than in the control group (56.67%
vs. 40.00%, P<0.05), whereas no significant differences were observed in the <30 and >35-year age groups.

The established association between maternal adiposity, insulin resistance, and excessive fetal growth is consistent with the
higher BMI observed in the macrosomia group|18]. Impairment of glucose metabolism and increased placental nutrient transfer
are the results of increased maternal adiposity, which in turn promotes fetal overgrowth[19]. Similarly, the increased frequency
of cesarean delivery is indicative of the obstetric complications associated with fetal macrosomia, while the prolonged
gestational age provides additional time for fetal growth[20]. The concept that maternal metabolic status significantly influences
the development of fetal macrosomia is substantiated by these findings.

3.2 Maternal Serum Biomarkers

Table 2. Comparison of maternal serum visfatin, adiponectin, human placental lactogen, and insulin concentrations between

women with GDM complicated by fetal macrosomia and healthy pregnant controls.

Mean =SD
Parameters Pregnant women Pregnant women with normal P-value
with macrosomic weight fetus (n=30)
fetus (n=060)
Visfatin (ng/mL) 3.136 £0.33 1.842 +£0.27 0.0001 **
Adiponectin (ng/mL) 9.03 £0.17 13.62 +0.60 0.0001 **
HPL (ng/mL) 475.61 £29.55 338.06 £19.21 0.0001 **
Insulin (mU/L) 8.28 +0.22 8.12 +0.15 0.0005 **
** (P<0.01).

The concentrations of visfatin, adiponectin, human placental lactogen (HPL), and insulin in the maternal serum of both study
groups are summarized in Table 2. Serum visfatin concentrations were significantly higher in women with GDM carrying
macrosomic fetuses (3.136 £ 0.33 ng/mL) than in healthy pregnant women (1.842 + 0.27 ng/mL) (P = 0.0001). The elevated
visfatin level may be a compensatory response to the chronic inflammatory state associated with GDM and maternal insulin
resistance [21]. Adipose tissue and the placenta both produce visfatin, which is involved in the regulation of glucose homeostasis
and inflammatory processes[14]. These results are in agreement with Jiang et al. [22], who reported elevated circulating visfatin
concentrations in women with GDM, suggesting that metabolic disturbances during pregnancy may be linked to alterations in

visfatin secretion.

Maternal serum adiponectin concentrations were significantly lower in women with GDM carrying macrosomic fetuses (9.03
+ 0.17 ng/mL) than in healthy pregnant women (13.62 + 0.60 ng/mL) (P = 0.0001). Increased nutrient availability to the fetus
and impaired maternal insulin sensitivity may result from reduced adiponectin, thereby fostering excessive fetal growth|[7].
Adiponectin plays a critical function in the regulation of metabolic and inflammatory processes and the preservation of insulin
sensitivity during pregnancy|[23]. Gao et al. [24] reported an association between GDM, diminished adiponectin levels, and
impaired insulin sensitivity, which is consistent with the current finding.
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Maternal serum HPL concentrations were significantly higher in women with GDM carrying macrosomic fetuses (475.61 £
29.55 ng/ml) than in healthy pregnant women (338.06 + 19.21 ng/mL) (P = 0.0001). A significant placental hormone, HPL,
reduces maternal insulin sensitivity and enhances the availability of glucose and other nutrients for fetal growth[11].
Consequently, the elevated concentration of HPL observed in the current study may be indicative of improved placental
endocrine activity and heightened metabolic adaptation during late pregnancy|[25].

Maternal serum insulin concentrations were significantly higher in women with GDM carrying macrosomic fetuses (8.28  0.22
mU/L) than in healthy pregnant women (8.12 = 0.15 mU/L) (P = 0.0005). The increased maternal insulin may be a
compensatory response to the reduced insulin sensitivity that is usually associated with GDM[26]. During late pregnancy, the
concurrent increase in insulin and HPL is indicative of the presence of progressive maternal insulin resistance and may increase

the availability of nutrients for fetal growth[27].

The present study's observed altered levels of visfatin, adiponectin, HPL, and insulin collectively suggest that fetal macrosomia
in pregnancies complicated by GDM is associated with disturbances in maternal metabolic regulation and placental endocrine
function. The interaction between maternal insulin resistance, altered adipokine secretion, and placental hormonal adaptations

may promote excessive fetal growth and increased nutrient availability[9].
3.3 Statistical Correlation Analysis

Table 3. Pearson's correlation coefficients between maternal serum hormonal biomarkers and selected maternal and fetal

variables.
Variables Visfatin (Macrosomia) + | Visfatin (Control) ¢ Adiponectin Adiponectin (Control)
(P-value) (P-value) (Macrosomia) ¢ (P-value) t (P-value)
BMI -0.10 (NS) -0.02 (NS) -0.04 (NS) 0.09 (NS)
Gestational age 0.08 (NS) 0.17 (NS) 0.13 (NS) -0.07 (NS)
HPL 0.21 (NS) 0.02 (NS) 0.36 (0.0059) 0.28 (0.04806)
Insulin 0.15 (NS) 0.11 (NS) 0.18 (NS) 0.09 (NS)
Estimated fetal 0.13 (NS) 0.03 (NS) 0.27 (0.0498) -0.23 (NS)
weight
BPD -0.06 (NS) 0.09 (NS) 0.03 (NS) -0.34 (0.0451)
HC -0.07 (NS) 0.08 (NS) -0.002 (NS) -0.32 (0.0470)
AC -0.04 (NS) 0.007 (NS) -0.04 (NS) -0.01 (NS)
FL -0.07 (NS) 0.24 (NS) 0.01 (NS) -0.22 (NS)
AFI 0.16 (NS) -0.06 (NS) 0.15 (NS) -0.19 (NS)
Adiponectin 0.69 (0.0001) 0.02 (NS) — —

Abbreviations: BMI, body mass index; HPL, human placental lactogen; BPD, biparietal diameter; HC, head circumference;

AC, abdominal circumference; FL, femur length; AFI, amniotic fluid index; NS, non-significant.

The relationships between maternal hormonal biomarkers and specific maternal and fetal characteristics are illustrated in Table
3. There was a strong positive correlation between adiponectin and maternal serum visfatin in the macrosomia group.
Furthermore, adiponectin exhibited substantial positive correlations with HPL and estimated fetal weight, while the control
group exhibited negative correlations with biparietal diameter and head circumference. Most of the remaining correlations were
not statistically significant, indicating that maternal hormonal biomarkers are influenced by multiple maternal and placental
factors rather than a single clinical parameter[28]. These results suggest that maternal hormonal changes in GDM-associated
fetal macrosomia are part of a complex metabolic network that involves fetal growth and placental endocrine function, rather

than solitary endocrine changes[29,30].
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Table 4. Diagnostic performance of maternal serum hormonal biomarkers for predicting fetal macrosomia using ROC curve

analysis.
Biomarker Sensitivity (%) | Specificity (%) | AUC
Visfatin 57 71 0.681
Adiponectin 65 78 0.744
Human placental lactogen (HPL) 62 58 0.508

Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve.

The diagnostic performance of maternal serum visfatin, adiponectin, and HPL was assessed using receiver operating
characteristic (ROC) curve analysis, as summarized in Table 4. Adiponectin exhibited the highest diagnostic performance (AUC
= 0.744), followed by visfatin (AUC = 0.681). HPL demonstrated limited diagnostic performance (AUC = 0.508). These results
indicate that maternal adipokines, particularly adiponectin, may have a higher discriminatory value for identifying pregnancies
complicated by fetal macrosomia than placental hormones alone.

4. CONCLUSIONS

In pregnancies complicated by gestational diabetes mellitus and fetal macrosomia, the present study revealed substantial changes
in the concentrations of maternal serum visfatin, adiponectin, human placental lactogen, and insulin. Significant disturbances
in maternal metabolic and placental endocrine function are suggested by elevated maternal serum visfatin, HPL, and insulin
levels, as well as decreased adiponectin concentrations. The diagnostic performance of adiponectin was the highest among the
biomarkers that were investigated for the identification of pregnancies that were complicated by fetal macrosomia. These results
indicate that maternal hormonal biomarkers, particularly adipokines, may offer valuable insights into the pathophysiology of
fetal macrosomia and could aid in the early identification of pregnancies at increased risk. Further large-scale studies are
warranted to validate these findings and confirm the clinical applicability of these biomarkers.

REFERENCES

[1] R. Mittal, K. Prasad, J. R. N. Lemos, G. Arevalo, and K. Hirani, “Unveiling gestational diabetes: an overview of
pathophysiology and management,” Int. J. Mol. Sci., vol. 26, no. 5, p. 2320, 2025.

[2] L.A. Salih, “Histomorphometrical Analysis of the Umbilical Cord and Placenta in Human Fetuses with Macrosomia,”
Medical Forum Monthly, vol.37,n0.6 ,p.114-9, 2026

[3] R. Modzelewski, M. M. Stefanowicz-Rutkowska, W. Matuszewski, and E. M. Bandurska-Stankiewicz, “Gestational
diabetes mellitus—recent literature review,” J. Clin. Med., vol. 11, no. 19, p. 5736, 2022.

[4] R. Karkia, T. Giacchino, S. Shah, A. Gough, G. Ramadan, and R. Akolekar, “Gestational diabetes mellitus: association
with maternal and neonatal complications,” Medicina (B. Aires)., vol. 59, no. 12, p. 2096, 2023.

[5] V.S.Nakshine and S. D. Jogdand, “A comprehensive review of gestational diabetes mellitus: impacts on maternal health,
fetal development, childhood outcomes, and long-term treatment strategies,” Cureus, vol. 15, no. 10, 2023.

[6] Ornoy, M. Becker, L. Weinstein-Fudim, and Z. Ergaz, “Diabetes during pregnancy: a maternal disease complicating the
course of pregnancy with long-term deleterious effects on the offspring. a clinical review,” Int. J. Mol. Sci., vol. 22, no. 6,
p- 2965, 2021.

[71 Hufnagel, L. Dearden, D. S. Fernandez-Twinn, and S. E. Ozanne, “Programming of cardiometabolic health: the role of
maternal and fetal hyperinsulinaemia,” J. Endocrinol., vol. 253, no. 2, pp. R47—R63, 2022.

[8] K. Karcz and B. Krélak-Olejnik, “Impact of gestational diabetes mellitus on fetal growth and nutritional status in
newborns,” Nutrients, vol. 16, no. 23, p. 4093, 2024.

[91 M. T.Nguyen and J. G. Ouzounian, “Evaluation and management of fetal macrosomia,” Obstet. Gynecol. Clin., vol. 48,
no. 2, pp. 387-399, 2021.

[10] S. Parrettini, A. Caroli, and E. Torlone, “Nutrition and metabolic adaptations in physiological and complicated pregnancy:
focus on obesity and gestational diabetes,” Front. Endocrinol. (Lausanne)., vol. 11, p. 611929, 2020.

[11] G. Evgenii, S. Alexey, and Z. Yulia, “Insulin resistance and inflammation,” Int. J. Mol. Sci., vol. 27, no. 3, p. 1237, 2026.

[12] Armistead et al., “Placental regulation of energy homeostasis during human pregnancy,” Endocrinology, vol. 161, no. 7,
p- bqaa076, 2020.

309
Natural Resources for Human Health (NRFHH)

https://nrfhh.com



Natural Resources for
Human Health

elSSN: 2583-1194

[13]
[14]

[15]

[19]
120]
21]
22]
23]
24]
125]

[26]

[27]
28]
[29]

[30]

J. Hill and T. G. Hill, “Maternal diet during pregnancy and adaptive changes in the maternal and fetal pancreas have
implications for future metabolic health,” Front. Endocrinol. (Lausanne)., vol. 15, p. 1456629, 2024.

V. A. Sundaram et al., “Impact of maternal endocrine health on foetal development and pregnancy outcomes,” Scr. Med.
(Brno)., vol. 56, no. 5, pp. 985-1005, 2025.

G. De Gennaro et al,, “The role of adipokines in the pathogenesis of gestational diabetes mellitus,” Gynecol. Endocrinol.,
2019.

M.-Z. Assani et al., “From Molecular Insights to Clinical Management of Gestational Diabetes Mellitus—A Narrative
Review,” Int. J. Mol. Sci., vol. 26, no. 17, p. 8719, 2025.

G. Schiera et al., “Maternal Overnutrition and Fetal Programming: Long-Term Metabolic, Cognitive, and Epigenetic
Consequences,” Cells, vol. 15, no. 4, p. 366, 2026.

Dimas et al., “The gestational effects of maternal appetite axis molecules on fetal growth, metabolism and long-term
metabolic health: a systematic review,” Int. J. Mol. Sci., vol. 23, no. 2, p. 695, 2022.

J. Pereda, 1. Bove, and M. M. Pineyro, “Excessive maternal weight and diabetes are risk factors for macrosomia: a cross-
sectional study of 42,663 pregnancies in Uruguay,” Front. Endocrinol. (Lausanne)., vol. 11, p. 588443, 2020.

C. Kelly, T. L. Powell, and T. Jansson, “Placental function in maternal obesity,” Clin. Sci., vol. 134, no. 8, pp. 961-984,
2020.

K. McMurrugh, M. C. Vieira, and S. Sankaran, “Fetal macrosomia and large for gestational age,” Obstet. Gynaecol.
Reprod. Med., vol. 34, no. 3, pp. 6672, 2024.

M. M. I. Abdalla, “Role of visfatin in obesity-induced insulin resistance,” World J. Clin. cases, vol. 10, no. 30, p. 10840,
2022.

Y.-K. Jiang, H.-Y. Deng, Z.-Y. Qiao, and F.-X. Gong, “Visfatin level and gestational diabetes mellitus: a systematic review
and meta-analysis,” Arch. Physiol. Biochem., vol. 127, no. 5, pp. 468—-478, 2021.

Pheiffer, S. Dias, B. Jack, N. Malaza, and S. Adam, “Adiponectin as a potential biomarker for pregnancy disorders,” Int.
J. Mol. Sci., vol. 22, no. 3, p. 1326, 2021.

S. Gao et al., “The effect of circulating adiponectin levels on incident gestational diabetes mellitus: systematic review and
meta-analysis,” Ann. Med., vol. 55, no. 1, p. 2224046, 2023.

K. L. Rassie, R. Giri, A. Melder, A. Joham, A. Mousa, and H. J. Teede, “Lactogenic hormones in relation to maternal
metabolic health in pregnancy and postpartum: protocol for a systematic review,” BM] Open, vol. 12, no. 2, p. 055257,
2022,

T. O. Usman, G. Chhetri, H. Yeh, and H. H. Dong, “Beta-cell compensation and gestational diabetes,” J. Biol. Chem.,
vol. 299, no. 12, p. 105405, 2023.

K. Rassie, R. Giri, A. E. Joham, H. Teede, and A. Mousa, “Human placental lactogen in relation to maternal metabolic
health and fetal outcomes: A systematic review and meta-analysis,” Int. J. Mol. Sci., vol. 23, no. 24, p. 15621, 2022.

G. Tossetta et al,, “The Placenta in Gestational Diabetes: An Integrated Review on Metabolic Pathways, Genetic,
Epigenetic and Ultrasound Biomarkers for Clinical Perspectives,” Int. . Mol. Sci., vol. 27, no. 2, p. 919, 2026.

X.-Y. Jiang, D.-W. Chen, T. Duan, J. Zhang, Y.-P. Ren, and J. Tan, “Unraveling the complex web: pathogenesis and
prevention of gestational diabetes mellitus-related fetal overgrowth,” Front. Cell Dev. Biol, vol. 14, p. 1744305, 2026.

310

Natural Resources for Human Health (NRFHH)
https://nrfhh.com



