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Abstract
Purpose  We aimed to determine the predictive values of fetal pancreas size and maternal serum biomarkers glycated albumin 
(GA) and insulin-regulated aminopeptidase (IRAP) for gestational diabetes mellitus (GDM).
Materials and methods  In this prospective observational study including 109 pregnant women, the fetal pancreas size and 
maternal serum biomarkers GA and IRAP were measured at the gestational age of 20–22 weeks and later at the gestational 
age of 24–28 weeks, in 19 participants of them, GDM was confirmed with the 75-g oral glucose tolerance test (OGTT) and 
the fetal pancreas size was measured in all the participants again.
Results  The median fetal pancreas sizes were significantly higher in women with or without GDM when measured at 
the 24–28 weeks of pregnancy compared to those at the 20–22 weeks of pregnancy (p < 0.05). At both of the 20–22 and 
24–28 weeks of pregnancy, the median values of fetal pancreas sizes in the women with or without GDM were found com-
parable (p > 0.05). There were no significant differences between pregnant women with or without GDM regarding maternal 
serum biomarkers GA and IRAP (p > 0.05). Multivariate logistic regression analysis revealed no meaningful association of 
study parameters with the development of GDM.
Conclusion  The fetal pancreas size and maternal serum biomarkers GA and IRAP provide no potential for early prediction of 
GDM at the 20–22 weeks of gestation. Further studies, including serial measurement of these parameters during the second 
and third trimesters of GDM pregnancies, may clarify their role in the antenatal care of women with GDM.
Clinical trials  NCT05392231.

Keywords  Gestational diabetes mellitus · Normal glucose tolerance · Fetal pancreas size · Glycated albumin · Insulin-
regulated aminopeptidase

What does this study add to the clinical work 

Ultrasonographic evaluation of the fetal pancreas 
size and measurements of maternal serum glycated 
albumin and insulin-regulated aminopeptidase per-
formed at the 20–22 weeks of gestation do not pro-
vide a potential to be used as predictors for early 
detection of gestational diabetes mellitus.

Introduction

Gestational diabetes mellitus (GDM) is still an important 
health condition that is first recognized in pregnancy with a 
prevalence of 7–9% [1]. GDM continues to be a hot research 
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subject in perinatology due to its adverse effects developed 
in a short or long period on mothers and babies from neona-
tal to adult life [2]. In GDM mothers, mild–moderate degree 
hyperglycemia may not be life-threatening during the current 
pregnancy, however, their fetuses can develop fetal hyper-
insulinemia and macrosomia, and neonatal hypoglycemia. 
There are piling data clarifying the importance of exposure 
of fetuses to an intrauterine hyperglycemic environment that 
may also lead to chronic health conditions later in life [3, 4].

Fetuses of GDM mothers could have hyperglycemia 
for a while before their diagnosis and hyperglycemia may 
affect them during the second trimester, and insulin ther-
apy in their mothers may not be successful as expected for 
the prevention of long-term metabolic disorders during 
their adulthood. Therefore, a standard detection of GDM 
at the 24–28 weeks of gestation might be somewhat late 
for therapeutic interventions and could not resolve all the 
adverse effects of intrauterine hyperglycemic exposure on 
the babies. There is a requirement to develop novel screen-
ing modalities to be aware of high-risk women for GDM 
in the second trimester and to have an earlier opportunity 
for appropriate treatments before a routine GDM diagnosis 
[4]. That can be of great significance for the early predic-
tion and diagnosis of GDM.

Although the specific causes and mechanisms of GDM 
development are considerably unclear arsenic exposure [5] 
and COVID-19 [6], as well as the role of maternal obesity 
and insulin resistance [7, 8] and the interaction of obesity 
and inflammation [9], are among the proposed factors. With 
ongoing research activities, some novel ultrasonographic 
findings and blood biomarkers have been reported as poten-
tial predictions of GDM, including angiopoietin-like protein 
8 [10], plasma fatty acid-binding protein 4 [11], adiponectin 
[12], leptin, lipocalin-2, and plasminogen activator inhibi-
tor-2 [13], fetuin-A, N-terminal pro-atrial natriuretic peptide 
[14], but the low availability of these biomarkers in clinical 
settings limits their application. The clinical implications 
of previous research activities have not found a place in the 
expected level clinical settings for the prediction and diagno-
sis of GDM. This leads to the continuation of new research 
to understand the pathogenesis of GDM and to seek reli-
able and successful tests for the prediction and diagnosis 
of GDM. By reviewing the current perinatology literature, 
it has been noted that it may be advantageous to investigate 
fetal pancreas size and serum biomarkers glycated albumin 
(GA) and insulin-regulated aminopeptidase (IRAP) together 
in pregnancies with GDM.

Imaging of the fetal pancreas has been under investiga-
tion since the 1980s. In early studies, the feasibility of its 
imaging during fetal life and the technique of imaging the 
pancreas, and the measurement of its size were topics of 
studies. Later, the value of its measurement in women with 

GDM and the possibility of using reference sizes related to 
the fetal pancreas were assessed [15–21].

Taken together, nowadays, there are several recom-
mended criteria or models to use for the prediction of 
GDM that consist of a variety of sociodemographic char-
acteristics, serological biomarkers, and ultrasonographic 
parameters; however, they cannot always be as success-
ful as expected to obtain reliable results in perinatology 
practice [1, 22]. The early determination of GDM may 
help to care for GDM mothers earlier than usual clinical 
diagnosis and improve perinatal outcomes. Considering 
these aspects of the topic, there is a need for studies deal-
ing with the determination of successful tests to predict 
the future development of GDM. The current study aimed 
to assess the clinical values of ultrasonographic measure-
ment of fetal pancreas size and the serum biomarkers GA 
and IRAP for earlier detection of GDM in pregnant women 
at the gestational age of 20–22 weeks and to shed light on 
the possibility of earlier detection of GDM with a scien-
tific basis in a population of pregnant women without a 
higher risk of GDM.

Materials and methods

Study groups

With a design of prospective observational study, this 
research was carried out in the Perinatology Clinic of Haseki 
Training and Research Hospital, affiliated with the Univer-
sity of Health Sciences, in Istanbul, between February 2022 
and June 2022, following the approval of the local ethics 
committee (date: February 09, 2022, Registry No: 05-2022) 
and the valid Helsinki Declaration. After all the objectives 
of this work and the context of all the procedures that could 
be undertaken were properly explained to each pregnant 
woman, the participant was requested to sign an informed 
written consent form. The study was registered on Clinical 
trials (NCT05392231).

Eligible pregnant women with a maternal age of 
between 18 and 42 years and at 20–22 weeks of gestation 
were consecutively included in this study during their first 
antenatal visit. Then, during the second antenatal visit, at 
24–28 weeks of pregnancy, a maternal 75-g, 2-h OGTT 
was performed and according to its results, the study par-
ticipants were divided into the normal glucose tolerance 
(NGT) group, consisting of healthy pregnant women who 
did not develop GDM, and the GDM group, consisting of 
pregnant women with GDM. The exclusion criteria were 
multiple pregnancies, pre-gestational diabetes, fetal congeni-
tal malformations, placental and amniotic fluid abnormali-
ties, preeclampsia, severe systemic disease, and long-term 
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systemic drug use. For the diagnosis of GDM, there is a 
need for at least one of the following three criteria of 75-g, 
2-h OGTT thresholds that were met or found with a higher 
value: fasting 92 mg/dL, 1-h 180 mg/dL, or 2 h 153 mg/dL 
at 24–28 weeks of gestation [23].

During the first antenatal visit, at 20–22 weeks of preg-
nancy, the following procedures were performed: the collec-
tion of maternal baseline clinical characteristics and routine 
biochemistry tests; an ultrasound imaging for fetal anatomy 
and growth and the measurement of fetal pancreas size; and 
measurement of maternal serum levels of GA and IRAP with 
the help of a standard biochemical analyzer. The second 
antenatal visit, at 24–28 weeks of pregnancy, included an 
ultrasound examination of fetal pancreas size measurement.

The maternal age, gravidity and parity, status of educa-
tion as literate, primary to high school, or higher education, 
being native or emigrant, family history of diabetes mellitus 
(DM), history of GDM, smoking, mode of conception, body 
mass index prenatally, weight gain during pregnancy, the use 
of pharmacological treatment in the GDM women as dietary 
arrangement or insulin use, mode of delivery as vaginal or 
cesarean, and fetal gender, and gestational age at the first and 
second antenatal visits were collected from the electronic 
medical records of the participants.

Ultrasound examination of fetal pancreas

All pregnant women underwent a 2D ultrasound scan with 
a 1–7 MHz probe. The fetal pancreas size of each fetus was 
measured twice throughout pregnancy at the 20–22 and 
24–28 weeks of pregnancy, by a professional perinatologist 
(FYG). For these measurements, intra-observer reliability 
was examined with Kappa statistics that provided Kappa 
coefficient ranged from 0.83 to 0.89 and it was interpreted 
as strong agreement. To determine fetal pancreas size, the 
circumference of the fetal pancreas was measured using the 
trace method in accordance with the previously published 
method [19]. In brief, the fetal pancreas was scanned by 
slightly rotating and angling the transducer caudally from 
the transverse plane of the fetal abdominal circumference. It 
was determined that the location of the fetal spine between 3 
and 5 o’clock or 7 to 9 o’clock was optimal for a good qual-
ity visualization of the fetal pancreas. The view of the fetal 
pancreas was explained as an elongated, echogenic structure 
that is located among the fetal stomach, aorta, and vertebral 
spine. The circumference was measured using the free-hand 
tracing function after freezing the image from the left cau-
dal edge to the right ventral edge (Fig. 1). In comparison to 
the fetal liver, the pancreas had a slightly hyperechoic view. 
Each measurement was done two or three times in each of 
the fetuses, with the average size used to calculate the final 
measurement.

Blood collection and analysis

Fasting blood samples were collected from each study par-
ticipant when they attended the first and second antenatal 
visits at 20–22 and 24–28 weeks of pregnancy for routine 
laboratory tests. The studied biomarkers, GA and IRAP 
were measured from the blood samples at the 20–22 weeks 
of pregnancy Maternal biochemical tests were performed. 
The blood samples taken for the study were centrifuged at 
1000 xg for 10 min, separated into secondary tubes, and 
stored at − 50 °C. Serum GA and IRAP concentrations were 
determined using commercial enzyme-linked immunosorb-
ent assay (ELISA) kits (ELK Biotechnology, P.R.C.) accord-
ing to the manufacturer’s protocol. Serum samples were not 
diluted. The standards were serially diluted from starting 
concentrations of 1000 pmol/mL down to 15.63 pmol/mL 
for GA and from 10 ng/mL to 0.16 ng/mL for IRAP, in the 
standard diluent supplied with the kit. The intra- and inter-
assay coefficients of variance varied between 8 and 10% for 
the tests.

Fig. 1   Representative images of the fetal pancreas at 22 weeks of ges-
tation in women with GDM. A The edges of the fetal pancreas are 
marked with arrows. B The measurement of fetal pancreas size is 
illustrated with the trace method
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Fig. 2   A flow chart of the study participants

Statistical analysis

To perform the descriptive and analytic evaluation of study 
data, the IBM SPSS v25 (IBM SPSS, Armonk, NY, United 
States) was used. Graphical figures were designed with the 
GraphPad Prism v9 (Graphpad, San Diego, CA, USA). The 
numerical data as mean with standard deviation, median 
with interquartile range, or count with percentage were 
presented as appropriate. After examining the normality 
of numerical data with the Kolmogorov–Smirnov test, t, 
Mann–Whitney, or Wilcoxon signed-rank test were used as 
appropriate. To determine the significance of categorical 
data, the chi-square test was used. We performed a logistic 
regression analysis to test whether the values of study vari-
ables including the fetal pancreas size and serum biomarkers 
GA and IRAP at the 20–22 weeks of pregnancy were associ-
ated with the development of GDM. Furthermore, after the 
selection of adequate variables for the logistic regression 
model, we performed a multivariate logistic regression anal-
ysis to determine the independence and contribution of the 
study variables to the development of GDM. If the p value 
was below 0.05, differences were considered significant.

Results

A flow chart of the study population is shown in Fig. 2. 
A total of 90 women with NGT and 19 women with GDM 
were included for analyses of study variables. The base-
line clinical parameters of the NGT and GDM groups are 
listed in Table 1. The women in the GDM group show 
higher pre-gestational BMI, age, gravidity, parity, fam-
ily history of DM, and obstetric history of GDM than 
in the NGT group (p < 0.05). There were no significant 

differences in terms of the ratios of ethnicity, education 
level, smoking status, modes of conception and delivery, 
gestational weight gain, and the ratio of female fetuses 
between the NGT and GDM groups (p > 0.05). The ges-
tational age at the first and second antenatal visits ranged 
from 20 to 22 and 24–28 weeks of pregnancy, respectively 
in both of the study groups. The ratio of insulin treatment 
was 21.1% in the GDM group.

Table 2 shows the maternal laboratory findings of the 
NGT and GDM groups. The values of fasting and 1- and 
2-h 75-g OGTT, glycated hemoglobin (HbA1c), homeostatic 
model assessment of insulin resistance (HOMA-IR), and tri-
glyceride were significantly higher than those of the NGT 
group (p < 0.05). The values of serum creatinine, aspartate 
aminotransferase, alanine aminotransferase, albumin, lactate 
dehydrogenase, and low-density lipoprotein cholesterol were 
found as similar between the study groups (p > 0.05). There 
was a significantly lower mean value of high-density lipo-
protein cholesterol (HDL-C) in the GDM group than that in 
the NGT group (p < 0.05).

Figure 3 displays the median values of fetal pancreas 
size in women with NGT and GDM at the 20–22 and 
24–28 weeks of pregnancy. Statistical analyses revealed sig-
nificantly higher median values of fetal pancreas size meas-
ured in the women with NGT and GDM at the 24–28 weeks 
of pregnancy compared to those at the 20–22 weeks of 
pregnancy [NGT: 7.5 (7.1–8.3) vs. 5.9 (5.6–6.6), p < 0.05; 
GDM: 7.6 (7.2–9.1) vs. 6 (5.6–6.8), p < 0.05]. At both of the 
20–22 and 24–28 weeks of pregnancy, the median values 
of fetal pancreas size in the NGT and GDM groups were 
found comparable [20–22 weeks of pregnancy: 5.9 (5.6–6.6) 
and 6 (5.6–6.8), respectively; p > 0.05, and 24–28 weeks of 
pregnancy: 7.5 (7.1–8.3) and 7.6 (7.2–9.1), respectively; 
p > 0.05].

Figure 4 shows the median values of serum GA in the 
women with NGT and GDM at the 20–22 weeks of preg-
nancy. We found that the median values of serum GA in 
the women with NGT and GDM were found compara-
ble [959.8 pmol/mL (789.3–1036.0) and 933.4 pmol/mL 
(870.7–1038.0), respectively; p > 0.05].

Figure 5 represents the median values of serum IRAP 
in the women with NGT and GDM at the 20–22 weeks of 
pregnancy. We found that the median values of serum IRAP 
in the women with NGT and GDM were found compara-
ble [0.06 ng/mL (0.04–0.10) and 0.06 ng/mL (0.04–0.085), 
respectively; p > 0.05].

With the multivariate logistic regression analysis, the 
fetal pancreas size and serum biomarkers GA and IRAP 
revealed no significant effect (p = 0.21, p = 0.51, and 
p = 0.07; respectively) on GMD development in a model that 
included other clinical variables, such as the maternal age, 
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gravidity, family history of DM, history of GDM, pre-preg-
nancy BMI, HbA1c, HOMA-IR, triglyceride, and HDL-C if 
they presented a p value of < 0.05 with the univariate logistic 
regression analysis.

Discussion

In terms of baseline clinical and laboratory parameters col-
lected in the study population, overall, women with GDM 
had no meaningful features that can affect the state of 

Table 1   Maternal baseline 
clinical characteristics of the 
GDM and NGT groups

Data were presented as mean with standard deviation, median with minimum and maximum values, or 
counts with percentages
NGT normal glucose tolerance, GDM gestational diabetes mellitus, DM diabetes mellitus, BMI body mass 
index

NGT (n = 90) GDM (n = 19) P value

Maternal age (years) 28 ± 5.6 31 ± 6.1 0.027
Gravidity 2 (1–6) 3 (1–7) 0.016
Parity 1 (0–5) 2 (0–6) 0.041
Ethnicity, n (%) 0.684
 Native 87 (96.7%) 18 (94.7%)
 Emigrant 3 (3.3%) 1 (5.3%)

Education, n (%) 0.263
 Literate 8 (8.9%) 3 (15.8%)
 Primary school 23 (25.6%) 4 (21.1%)
 Secondary school 14 (15.6%) 6 (31.6%)
 High school 26 (28.9%) 5 (26.3%)
 Higher education 19 (21.1%) 1 (5.3%)

History of DM in family, n (%) 0.001
 Yes 35 (38.9%) 15 (78.9%)
 No 55 (61.1%) 4 (21.1%)

History of GDM, n (%) 0.002
 Yes 6 (6.7%) 6 (31.6%)
 No 84 (93.3%) 13 (68.6%)

Smoking, n (%) 0.96
 Yes 5 (5.6%) 1 (7.2%)
 No 85 (94.4%) 18 (92.8%)

Natural conception, n (%) 0.512
 No 2 (2.2%) 0 (0%)
 Yes 88 (97.8%) 19 (100%)
 Pre-pregnancy BMI (Kg/m2) 25.7 (17.9–35.1) 29.6 (22.2–40.4) 0.002
 Gestational weight gain (kg) 4 (1–12) 3 (1–10) 0.298

Gestational age (week)
 At first examination 22 (20–22) 22 (21–22) 0.372
 At second examination 26 (24–28) 26 (25–27) 0.587

Pharmacological treatment, n (%)
 Diet 15 (78.9%)
 Insulin 4 (21.1%)

Mode of delivery, n (%) 0.127
 Vaginal 55 (61.1%) 8 (42.1%)
 Cesarean 35 (38.9%) 11 (57.9%)

Fetal gender, n (%) 0.344
 Female 34 (37.8) 5(26.3%)
 Male 56 (62.2%) 14 (73.7%)
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maternal and fetal health and make an important contribu-
tion to the status of fetal pancreas size and maternal serum 
biomarkers GA and IRAP. Women with or without GDM 
had similar values of fetal pancreas size measured earlier 
than and during the period of maternal GDM screening. The 
reason for the significant difference between fetal pancreas 
measurements at 20–22 and 24–28 weeks of gestation in 
both populations was interpreted as the growth of the fetus. 
In this study, when the potential of using fetal pancreas size 
with the maternal serum GA and IRAP biomarkers measured 
together at the 20–22 weeks of gestation in the prediction of 
GDM was examined, it was seen that the prediction abilities 
of these biomarkers were not as expected as analyzed with 
univariate and multivariate logistic regression tests.

There had been disagreements among countries about 
how to screen and diagnose the status of glucose tolerance 
during pregnancy. There were not enough data to support 
universal pregnancy screening. Consequently, pregnant 
women with obesity, a family history of DM, a history of 
GDM, or a baby with weight of > 4.5 kg should be provided 
screening with the two-hour OGTT during their scheduling 
visit [24]. Early detection and appropriate management of 
GDM including pharmacological measures has a potential 
to improve the outcome as summarized in a recent publica-
tion [25]. To develop novel strategies regarding the early 
prediction of GDM, new models with maternal variables 
[26], ultrasound parameters including fetal heart rate [27, 

28] and Doppler ultrasound findings of the maternal uterine 
artery, and biochemical parameters [13] were investigated.

There are some important concepts that should be consid-
ered to better understand the background of GDM. First, preg-
nancies complicated by GDM are characterized by increased 
placental expression of VEGF and CD31, and the expression 
of these markers is also independently associated with maternal 
increased pre-gestational BMI and gestational weight gain [9]. 
Second, triglyceride concentrations had significant importance 
for the risk of GDM [8], whereas lipid profile was correlated to 
LGA and macrosomia [29]. Finally, diagnosis of hypertensive 
disorders, perinatal mortality, obesity, and macrosomia increase 
the risk of GDM in subsequent pregnancies [7].

When the studies on ultrasonographic evaluation of the 
fetal pancreas in the literature are examined, the view-
ability of the fetal pancreas and imaging standards are 
prioritized in early studies. In current studies, with the 
increasing success in imaging the fetal pancreas, issues 
related to the clinical prediction, diagnosis, and outcome 
of fetal pancreas evaluation in pregnancies with diseases 

Table 2   Maternal laboratory findings of the GDM and NGT groups

Data were presented as mean with standard deviation or median with 
minimum and maximum values
NGT normal glucose tolerance, GDM gestational diabetes mellitus, 
OGTT​ oral glucose tolerance test, HbA1c glycated hemoglobin A1c, 
HOMA-IR Homeostasis Model Assessment of Insulin Resistance, 
AST aspartate aminotransferase, ALT alanine aminotransferase, LDH 
lactate dehydrogenase, HDL-C high-density lipoprotein cholesterol, 
LDL-C low-density lipoprotein cholesterol, IU international unit

NGT (n = 90) GDM (n = 19) P value

75-g, 2-h OGTT​
 Fasting (mg/dL) 80 ± 6 97 ± 9 0.001
 1-h (mg/dL) 115 (59–174) 181 (74–214) 0.001
 2-h (mg/dL) 92 ± 20 129 ± 31 0.001

HbA1c (%) 5 (4.1–6) 5.2 (4.9–5.6) 0.002
HOMA-IR 1.68 (0.24–6) 2.5 (1.18–5.3) 0.017
Creatinine (mg/dL) 0.46 (0.32–0.63) 0.45 (0.33–0.53) 0.445
AST (IU/L) 14 (7–67) 14 (7–22) 0.106
ALT (IU/L) 11 (5–55) 13 (5–24) 0.886
Albumin (g/dl) 3.7 (3.3–4.5) 3.6 (3.4–4) 0.255
LDH (IU/L) 172 ± 31 160 ± 20 0.36
Triglyceride (mg/dL) 156 (59–420) 208 (132–419) 0.011
HDL-C (mg/dL) 69.4 ± 15.3 58.6 ± 14.6 0.011
LDL-C (mg/dL) 116.2 ± 38.1 110 ± 28.3 0.554

Fig. 3   Median values of fetal pancreas size in women with NGT 
and GDM at the 20–22 and 24–28  weeks of pregnancy. Data are 
expressed as median with interquartile range (25–75%). Mann–Whit-
ney test revealed significantly higher median values of fetal pancreas 
size measured in the women with NGT and GDM at the 24–28 weeks 
of pregnancy compared to those at the 20–22  weeks of pregnancy 
(p < 0.05). There was no significant difference between the study 
groups regarding the median value of fetal pancreas size measured at 
the 20–22 and 24–28 weeks of pregnancy (p > 0.05). NS not signifi-
cant, NGT normal glucose tolerance, GDM gestational diabetes mel-
litus
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such as DM have been included. Advances in ultrasonog-
raphy devices have also significantly increased the success 
and reliability of fetal pancreas evaluations. There is no 
consensus yet on the status of fetal pancreatic enlargement 
in diabetic pregnancies. Our study examined the size of the 
fetal pancreas in cases with GDM. Fetal pancreas size was 

measured twice at 20–22 and 24–28 weeks of pregnancy 
to understand its relationship with the process of GDM 
development and progress.

In the 1980s, there were few articles that described the 
ultrasound imaging of the fetal pancreas [15, 16]. In one of 
those studies, the fetal pancreas was assessed with focused 
imaging of the fetal abdomen to detect the pancreas and 
the fetal stomach [17]. In their study, the pancreas could be 
observed in 77 of the 149 patients (51.7%) and menstrual 
age and fetal position were found to be important factors in 
predicting the frequency of pancreatic visibility. Hata et al. 
assessed the fetal pancreas after 20 weeks of pregnancy 
and found that it could be measured properly in 80% of the 
instances [18]. They found that the length of the fetal pan-
creas was also found to be related to gestational age. The 
authors noted that fetal biometry exposed a variety of fetal 
organs; consequently, it was essential to have clear images 
and landmarks.

Kivilevitch et al. conducted a study to determine the 
sonographic feasibility of monitoring the fetal pancreas and 
its normal development in fetuses between 19 and 35 weeks 
of gestation [19]. They determined the typical reference 
range for fetal pancreas circumference during pregnancy, 
and the total acceptable visualization rate was 61.6%. Hatice 
et al. discovered that the morphology of the pancreas, as 
well as its hyper-echogenicity, were both substantially and 
positively linked with the risk of GDM [20]. They noted that 
the hyper-echogenic pancreas was strongly and positively 
linked to an increased risk of GDM.

Another study performed by Gilboa et al. investigated the 
effect of glycemic control treatment on GDM and pre-gesta-
tional diabetes, the effect of the intervention was examined 
on the size of the fetal pancreas [21]. Their study population 
included women with pre-gestational diabetes getting insu-
lin therapy or GDM receiving insulin or oral hypoglycemic 
therapy between 19 and 36 weeks of gestation. They meas-
ured pancreatic circumference and compared it to the typical 
reference range. They highlighted a relationship between 
glycemic control therapy, pancreatic size, and gestational 
age. In light of the existing literature, as mentioned above, 
data are supporting that fetal pancreas size increases by ges-
tational age and shows a significant relationship with GDM 
status. Although these results suggest that fetal pancreas size 
measurement may be valuable for the early prediction of 
GDM, our current findings do not support this opinion.

HbA1c is the standard test for long-term glucose moni-
toring and is associated with chronic diabetic consequences 
[30]. However, in clinical conditions when hemoglobin 
metabolism may be hampered, such as hemolytic, second-
ary, or iron deficiency anemia, hemoglobinopathies, and 
pregnancy, HbA1c is not advocated [31]. GA is a test that 
assesses short-term glycemia and is unaffected by circum-
stances that falsely alter HbA1c results [32]. While HbA1c 

Fig. 4   Median values of serum GA in women with NGT and GDM 
at the 20–22 weeks of pregnancy. Data are expressed as median with 
interquartile range (25–75%). Mann–Whitney test revealed no sig-
nificant difference between the study groups (p > 0.05). GA glycated 
albumin, ns not significant, NGT normal glucose tolerance, GDM 
gestational diabetes mellitus

Fig. 5   Median values of serum IRAP in women with NGT and GDM 
at the 20–22 weeks of pregnancy. Data are expressed as median with 
interquartile range (25–75%). Mann–Whitney test revealed no signifi-
cant difference between the study groups (p > 0.05). IRAP, insulin-
regulated aminopeptidase; ns not significant, NGT normal glucose 
tolerance, GDM gestational diabetes mellitus
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reflects glucose control from 2 to 3 months prior, GA shows 
the status of glycemic control over 2–3 weeks [33]. Zhu et al. 
conducted a study to assess the diagnostic performance of 
HbA1c, GA, and fasting plasma glucose in diagnosing GDM 
[34]. They found that fasting plasma glucose had a higher 
diagnostic value than GA and HbA1c for detecting GDM at 
24–28 weeks of pregnancy and that the diagnostic values 
of fasting plasma glucose, GA, and HbA1c were similar for 
gestational ages less than or more than this range. Chume 
et al. investigated the clinical value of GA in the diagnosis 
of GDM in a study [35]. Their findings revealed that GA has 
low overall accuracy in diagnosing GDM and is unable to 
effectively differentiate between women with and without 
GDM. In accordance with those findings, the GA data of our 
study did not support the clinical value of maternal serum 
for the prediction of GDM.

IRAP is related to zinc-dependent membrane aminopepti-
dases and is expressed in a variety of cell types, especially 
in two well-known tissues, muscle, and fat [36]. In addition 
to glucose transporter type 4 (GLUT4), IRAP can be used 
as a surrogate measure of insulin-regulated vesicular traffic 
since its presence is necessary for sustaining proper insulin-
dependent molecular transport [37]. Those with type 2 DM 
have impaired insulin-stimulated transfer of IRAP to the cel-
lular surface of muscle and fat tissues. This deficiency may 
result in diminished metabolism of IRAP and, consequently, 
an increase in the activity of peptide hormones that are sub-
strates for IRAP. In a recent study, Mostafa et al. investigated 
the role of the extracellular part of IRAP in the development 
of insulin resistance in patients with type 2 DM [38]. They 
revealed that IRAP levels were significantly lower in the 
diabetic population compared to the healthy population, and 
in addition, they hypothesized that IRAP may be a helpful 
and direct marker for insulin resistance detection in the dia-
betic population. Tian et al. conducted a prospective study 
to determine the relationship between serum concentrations 
of IRAP and hypertensive diseases in pregnancy, GDM, and 
perinatal mortality [39]. They concluded that serum IRAP 
levels were significantly lower in patients with hypertensive 
disorders and GDM, and were exceedingly low in patients 
with fetal death compared to healthy pregnant women. Over-
all, considering the current studies and our findings, there 
is a need for further studies investigating the role of serum 
IRAP concentration in healthy and GDM conditions.

There are limitations to this study. First, during determin-
ing the sample size of the study, a convenient sampling was 
chosen based upon the absence of previous relevant studies 
on this topic. This is a limitation since it prevents under-
standing of the statistical power of the study. Second, serial 
measurements of ultrasonographic and serum biomarkers 
could be helpful to understand the trends of their changes 
during healthy and GDM pregnancies. Third, GDM preg-
nancies could be classified according to the intervention 

modes of diabetes as nutritional regulation or insulin usage. 
However, first time in the literature, the fetal pancreas size 
was evaluated for its ability to predict GDM before the 
usual period of GDM screening. In this study, considering 
the pancreatic size evaluation and performing other routine 
antenatal care procedures, we prepared the 20–22 weeks of 
gestation as the convenient time. In addition, the maternal 
serum biomarkers GA and IRAP were measured in the same 
clinical setting, to improve their predictive success. How-
ever, current data did not support their concomitant work as 
laboratory tests of GDM management. Much effort is needed 
before their contributions to the development of GDM could 
be benefited in diagnostic and therapeutic interventions of 
GDM.

In conclusion, the fetal pancreas size and maternal serum 
biomarkers GA and IRAP do not provide a potential for 
early prediction of GDM at the 20–22 weeks of gestation. 
Considering the measurement of fetal pancreas size during 
antenatal care of pregnant women, further studies are needed 
to shed light on its role in the development of the fetus and 
its exposure to diabetic influences. Since the proteins GA 
and IRAP may involve in several cellular functions in the 
context of diabetic status, their roles in the development and 
progress of GDM wait for clinical and basic science research 
activities. The clinical advantages of adding first-trimester 
test candidates to these experimental measurements for 
the prediction of GDM also need to be addressed in future 
research.
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