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Abstract: The primary therapeutic method for correcting hyperglycemia today is diet therapy. 
Lipids are not only a source of nutrients but can also act as initiators of adipocyte differentiation in 
the fetus, which explains the development of fetal macrosomia and future metabolic disorders in 
children born to mothers with gestational diabetes mellitus (GDM). Changes in the profile of 
circulating lipids in the maternal bloodstream, depending on adherence to a rational diet among 
mothers with GDM and the development of fetal macrosomia, is a complex and not fully 
understood process. The aim of the study was to examine the characteristics of the lipid profile in 
the blood plasma of pregnant women with GDM in all trimesters of pregnancy based on adherence 
to diet therapy. The design of the clinical part of the work was carried out within the framework of 
a ‘case-control’ study.The study included 110 women, 80 of whom were in the control group, 20 in 
the group with GDM adhering to the diet, and 10 in the group with GDM not adhering to the diet. 
The laboratory part was conducted as part of a longitudinal dynamic study with venous blood 
samples taken at three points: 11-13, 24-26, and 30-32 weeks of pregnancy.A significant impact of 
diet therapy on the blood lipid composition throughout pregnancy was demonstrated, starting as 
early as the first trimester. ROC analysis showed high effectiveness of the developed models with 
an AUC of 0.98 for the “30-32 weeks” model, with sensitivity and specificity of 1 and 0.9, 
respectively. An association was found between diet, maternal blood lipid composition at 32 weeks 
of pregnancy, and newborn weight. The direction of changes in the lipid spectrum during the 
development of macrosomia and diet therapy is diametrically opposed. This confirms at the 
molecular level that diet therapy can normalize not only carbohydrate but also lipid metabolism in 
the mother and fetus. Based on the obtained data, it can be suggested that after validation, the 
developed models could be used to refine the prognosis of macrosomia development based on the 
lipid profile of blood plasma at different stages of pregnancy. 

Keywords: macrosomia; gestational diabetes mellitus; obesity; lipidome; mass-spectrometry;  
diet therapy 

 

1. Introduction 

The rise in the incidence of gestational diabetes mellitus (GDM) and its related complications 
necessitates the search for potentially modifiable risk factors and new solutions. Pre-pregnancy BMI 
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and weight gain during pregnancy significantly influence newborn weight. McBain R.D. et al. (2016) 
demonstrated in their study that an increase in BMI by more than 4 kg/m² before the second 
pregnancy raised the risk of fetal macrosomia (aRR 4.06; 95% CI 2.25-7.34) and GDM (aRR 1.97; 95% 
CI 1.22–3.19) [1]. It is known that fetal macrosomia complicates 20% of pregnancies in obese women. 
After the 20th week of pregnancy, in response to maternal hyperglycemia, hypertrophy of the fetal 
pancreatic β-cells occurs, leading to hyperinsulinemia and hyperlipidemia. By the time of delivery, 
there is a significant increase in fetal adipose tissue and the development of fetal macrosomia [2–4]. 
Results of a meta-analysis of 30 studies from 1950-2011 showed that the risk of developing a large 
fetus doubles with a BMI >30 kg/m² [5]. Obesity significantly complicates the course of pregnancy 
and contributes to the development of GDM. Currently, diet therapy is the main therapeutic method 
for managing patients with GDM. 

The changes in circulating lipid profiles in maternal blood depending on adherence to rational 
nutrition among mothers with GDM and the development of fetal macrosomia is a complex and not 
fully understood process, involving both behavioral factors (“eating behavior”) and genetic ones. 
Szabo A.J. (2019) proposed the hypothesis that lipids are not only a source of nutrients but also serve 
as initiators of adipocyte differentiation in the fetus, explaining the development of fetal macrosomia, 
excess body weight, and obesity in the future for children born to mothers with metabolic diseases 
[6]. It is suggested that transported fatty acids initiate the transformation of mesenchymal stem cells 
into adipocytes through the activation of transcription factors in the fetus. Accelerated transplacental 
transfer of fatty acids leads to excessive formation of adipocytes in the fetus, resulting in the 
development of excess body weight in the fetus. The source of the transferred fatty acids is “free” 
fatty acids, the hydrolysis products of triglycerides, and components of polyunsaturated fatty acids 
from the mother’s phospholipids. Glucose remains an important precursor for alpha-
glycerophosphate, from which most fatty acids are esterified [7,8]. 

The aim of the study was to examine the features of the plasma lipid profile of pregnant women 
with GDM during all trimesters of pregnancy depending on adherence to dietary therapy. 

2. Results 

2.1. Clinical Characteristics 

In the first stage, we conducted a comparative analysis of the clinical characteristics of the study 
groups. The analysis of the results between the groups of women examined is presented in Table S1. 
The analysis of the main and control groups did not reveal significant differences in age and 
anthropometric data of patients before pregnancy. However, within the group analysis showed 
differences between subgroups with gestational diabetes mellitus (GDM), depending on adherence 
to the diet prescribed by the doctor. Pregnant women with GDM who did not follow the diet were 
older (37 (31; 39), p=0.08) and had significantly higher body weight before pregnancy (81 (66; 86), 
p=0.004). Pre-pregnancy BMI and weight gain by the time of delivery significantly differed between 
the main and control groups (22.6 (20.1; 26.5), 21.2 (19.5; 22.9, p=0.03; 14 (11; 17), 11 (9; 15), p=0.009). 
A significant contribution to these differences was made by pregnant women with GDM who did not 
follow the diet, having the highest BMI (26.4 (24.5; 27.6), p=0.003) and weight gain (13 (10; 16), 
p=0.006) among all examined patients. Of particular interest is the significantly higher fetal mass 
according to ultrasound data at 32 weeks of gestation, depending on the mothers’ adherence to the 
diet (1899 (1717; 2110), 2132 (1865; 229), p=0.04). Patients in the main group (unlike the control) were 
significantly more often delivered by cesarean section (18 (60%), 27 (34%), p=0.02). Among them, 
operative delivery was often planned (13 (43%), 14 (18%), p=0.01), with this indicator being the 
highest among patients with GDM who did not follow the diet, reaching up to 60%. This is likely due 
to combined factors such as the presumed large fetal size (>4000g) with unprepared birth pathways 
and the insistence of the women. The weight of the newborn in this subgroup of patients was the 
highest (3810 (3317; 4122), p=0.14). Hospital discharge times for mothers significantly differed: 
patients in the main group stayed longer in the hospital on average (5 (3; 5), 4 (3; 5), p=0.02), regardless 
of adherence to the diet before childbirth. Outcomes for the newborns (early neonatal complications, 
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Apgar score at 1 and 5 minutes, discharge time from the hospital) did not significantly differ between 
the main and control groups 

2.2. Lipid Profile Analysis 

In the study, HPLC-MS analysis of blood samples from patients in the main and control groups 
was performed at three time points: at 11-13, 24-26, and 30-32 weeks of pregnancy. A total of 164 
lipids were identified, belonging to 11 classes: sphingomyelins (SM), phosphatidylcholines (PC), 
phosphatidylethanolamines (PE), phosphatidylserines (PS), phosphatidylinositols (PI), 
phosphatidylglycerols (PG), phosphatidic acids (PA), diglycerides (DG), triglycerides (TG), and fatty 
acids (FA). 

An OPLS analysis of the lipid profile of the blood plasma of patients with GDM was performed 
over time (11-13, 24-26, and 30-32 weeks of pregnancy), depending on adherence to diet (Figure 1). 

 
Figure 1. Plots of scores based on the results of OPLS-DA analysis of the lipidomic profile of blood 
plasma in patients at A) 11-13, B) 24-26, C) 30-32 weeks of pregnancy who were prescribed dietary 
therapy; green dots correspond to patients following the diet, red dots to those not following the diet. 

Clustering of the data points indicates a significant impact of dietary therapy on blood lipid 
composition, starting from the first trimester of pregnancy. ROC analysis demonstrated high 
effectiveness of the developed models. The lowest AUC value was 0.91 for the “11-13 weeks” model, 
with sensitivity and specificity of 0.8 and 1, respectively (Figure 2, Table 1). The highest AUC value 
was 0.98 for the “30-32 weeks” model, with sensitivity and specificity of 1 and 0.9, respectively (Figure 
2, Table 1). 

 

Figure 2. Results of the ROC analysis of OPLS-DA models that differentiate plasma samples from 
patients adhering to or not adhering to a diet. Samples were taken at A) 11-13, B) 24-26, C) 30-32 weeks 
of pregnancy. 
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Table 1. Characteristics of the OPLS-DA models that allow distinguishing blood plasma samples from 
patients adhering to or not adhering to a diet. 

Model AUC Threshold Sensitivity Specificity 
11-14 weeks 0.91 1.54 0.8 (0.6; 1) 1 (0.61; 1) 
18-21 weeks 0.92 1.52 0.9 (0.6; 1) 0.94 (0.56; 1) 
30-32 weeks 0.98 1.4 1 (0.89; 1) 0.94 (0.78; 1) 

Lipids with the greatest contribution to sample classification in the OPLS-DA models were 
identified by a VIP value > 1. Their levels for the groups under consideration are presented in Figure 
3. Comparing groups of pregnant women with gestational diabetes, who either adhered to or did not 
adhere to a diet, identified 4 classes of lipids: phosphatidylcholines (PC), sphingomyelins, 
lysophosphatidylcholines, and triglycerides. In the first trimester (11-13 weeks), lipids such as 
phosphatidylcholines and sphingomyelins were detected, and in the second and third trimesters (24-
26 and 30-32 weeks), lysophosphatidylcholines and triglycerides were added to these. 

 

Figure 3. Box plot of lipid levels that are most significant for classifying patients who adhered to the 
diet and those who did not. The data is provided for the model based on the analysis of samples 
obtained at A) 11-13 weeks B) 24-26 weeks C) 30-32 weeks of pregnancy. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 September 2024                   doi:10.20944/preprints202409.1572.v1

https://doi.org/10.20944/preprints202409.1572.v1


 5 

 

Interest is sparked by the different levels of changes in individual lipids within classes, which 
persist dynamically from the first to the third trimester, depending on adherence to a diet in 
gestational diabetes (GD). For instance, the level of phosphatidylcholine PC 34:2 (across all three 
trimesters) and sphingomyelins SM 46:0, 48:1, 48:0, 48:2 (in the second and third trimesters) increased 
among women not following the diet, while PC 38:3 (across all three trimesters) and SM 32:7, 47:3 (in 
the second trimester) decreased. The levels of triglycerides TG 54:0 (in the second and third 
trimesters) and 52:0 (in the second trimester) and lysophosphatidylcholine LPC 16:0 (in the second 
and third trimesters) among women not adhering to the GD diet remained lowered. These changes 
were significant for a number of lipids presented in Figure 3. Thus, the analysis of the plasma lipid 
composition in women allowed us to differentiate patients with GD who adhered to and neglected 
the diet throughout pregnancy (in all three trimesters). 

The characteristics of the lipid spectrum may be associated not only with maternal factors but 
also with fetal ones. Therefore, to the already obtained OPLS analysis data, we additionally included 
a fetal factor, namely birth weight. In choosing this clinical indicator, we relied on obtained data 
indicating a high percentage of macrosomia (reaching up to 50%) among women with gestational 
diabetes who did not follow a diet. A special interest is the identified connection between diet and 
the maternal blood lipid composition at 32 weeks of pregnancy and the newborn’s weight (Figure 4). 

 
Figure 4. The graph is based on the results of OPLS analysis of the lipidomic profile of plasma from 
patients at 30-32 weeks of pregnancy who were prescribed diet therapy; green dots correspond to 
patients adhering to the diet, and red dots to those not adhering to the diet. N represents patients with 
normal fetal size, and M represents patients with fetal macrosomia. 

Samples from GDM patients who did not follow the diet and gave birth to children with fetal 
macrosomia are shifted to the right area of the graph. This indicates that the direction of changes in 
the lipid profile during the development of macrosomia and diet therapy are diametrically opposite. 
Based on the obtained data, it can be assumed that after validating the models, they could be used to 
refine predictions of macrosomia development based on the plasma lipid profile at various stages of 
pregnancy 

3. Discussion 

To date, it is known that the primary therapeutic method for correcting hyperglycemia is diet 
therapy, excluding easily digestible carbohydrates. In our study, 30 women with gestational diabetes 
(the main group) were on diet therapy. Of all the patients on diet therapy, 10 women admitted to not 
following the diet regimen. An intra-group analysis of patients with gestational diabetes, depending 
on adherence to the diet prescribed by the doctor, revealed a number of differences between the two 
subgroups. Patients not adhering to the diet were older, had significantly higher body weight and 
BMI before pregnancy, which may indirectly indicate established poor eating habits and 
psychological difficulties in this group with independently normalizing their diet according to the 
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doctor’s recommendations. Lu Liu et al., in their work, demonstrated that a pre-pregnancy BMI 
reduction of 10–15% for women with obesity and 5% for overweight women was associated with a 
significant decrease in adverse perinatal complications (gestational diabetes, hypertensive disorders, 
macrosomia) [9]. Patients in the main group (unlike the control) were significantly more often 
delivered by cesarean section. The frequency of operative delivery among patients with gestational 
diabetes significantly exceeded that of the control group, reaching 60% among women who did not 
follow the diet. Also, in this subgroup of women, larger babies were more frequently born. As a result, 
of the 20 patients who followed the diet, only 3 (15.0%) developed fetal macrosomia, whereas in 
women neglecting the diet, large babies were born in 50.0% of cases. 

When comparing patients with gestational diabetes mellitus (GDM) who adhered to and did not 
adhere to a diet, four classes of lipids related to phosphatidylcholines (PC), sphingomyelins, 
lysophosphatidylcholines, and triglycerides were identified. At 11-13 weeks, phosphatidylcholines 
and sphingomyelins were detected, and at 24-26 and 30-32 weeks of pregnancy, the list was 
supplemented with lysophosphatidylcholines and triglycerides. Phosphatidylcholines and 
sphingomyelins are major components of cell membranes, involved in signal transduction processes, 
including the activation of insulin-related pathways [10,11]. Changes in the composition of fatty acids 
and phospholipids in cells can reduce tissue sensitivity to insulin, which is a key factor in the 
development of GDM. Phosphatidylcholines can interact with other lipid classes, such as 
triglycerides and free fatty acids, which can also affect metabolism and the energy status of cells 
involved in insulin secretion. Changes in lipid composition, including types like 
phosphatidylcholines and sphingomyelins, may be associated with various metabolic disorders, such 
as insulin resistance and obesity. 

Changes in blood lipid composition due to not following a diet in GDM were recorded starting 
from the first trimester of pregnancy. A distinctive feature of the plasma lipid profile in these women 
was the multidirectional level of changes in specific lipids within classes, persisting dynamically from 
the first to the third trimester. At three points during the study, covering all three trimesters of 
pregnancy, we recorded an increase in the level of phosphatidylcholine PC 34:2 and a decrease in PC 
38:3 among women not adhering to a diet. A similar pattern was observed for the sphingomyelin 
group, where SM 46:0, 48:1, 48:0, 48:2 increased among women not following a diet in the second and 
third trimesters, while SM 32:7, 47:3 decreased. The level of triglycerides (TG 54:0 and 52:0) and 
lysophosphatidylcholine (LPC 16:0) among women not adhering to a diet during GDM remained 
low. 

In 2021, Christopher Papandreou et al. published a study focusing on the relationship between 
changes in circulating metabolites during weight loss in the context of dietary therapy in patients 
with obesity. The cohort study included 162 participants who achieved a weight loss of ≥8% during 
an initial 8-week low-calorie diet, followed by a 12-week observation period. Targeted metabolite 
profiling (123 metabolites) was performed using three different platforms: proton nuclear magnetic 
resonance, liquid chromatography-mass spectrometry, and gas chromatography-mass spectrometry. 
Changes in levels of several types of lipids and citric acid were significantly associated with weight 
loss, total body fat amount, and abdominal fat distribution. The authors found a decrease in 
concentrations of lysophosphatidylcholines LPC 14:0, LPC 20:3, phosphatidylcholine PC 32:2, PC 
38:3, sphingomyelin SM 32:2, and an increase in citric acid concentration during the dynamic 12-week 
observation post-weight loss. The authors conclude that there is an existing connection between 
weight loss and changes in types of lipids and citric acid. These changes likely reflect lipid 
metabolism in the body and are an important factor in controlling weight gain and the development 
of obesity [12]. An earlier study from 2007 also showed an association of PC 34:4 with obesity. The 
authors demonstrated that a higher plasma level of PC 34:4 was associated with an increased risk of 
obesity in adults. The absence of dependence on hereditary factors was also demonstrated by 
conducting a study on a group of monozygotic twins [13]. However, it should be considered that 
factors like progressive pregnancy, fetal growth, and the presence of already diagnosed gestational 
diabetes (GDM) can significantly contribute to the maternal blood lipid profile and explain conflicting 
data on the decrease of several metabolites (PC 38:3, SM 32:7, SM 47:3, TG 54:0, and 52:0, LPC 16:0) 
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over time, against the backdrop of diet cessation in our cohort of pregnant women with GDM. A 
study from 2020 on lipidomic profiling of 114 plasma samples from overweight or obese pregnant 
women at three points: before pregnancy, at 15 weeks, and at 35 weeks, revealed changes in 17 lipids, 
mainly PC and SM, and their connection to GDM [14]. Furthermore, published data (2020) track a 
large cohort of women with GDM post-delivery (2 years of observation) to identify metabolic changes 
and the development of type 2 diabetes. In the longitudinal study, metabolic changes from the initial 
inclusion point to 2 years of observation were analyzed as a trajectory of type 2 diabetes progression. 
When creating a predictive model, the authors identified a distinct metabolic signature in the early 
postpartum period, which predicted the development of type 2 diabetes (AUC 0.883 (95% CI 0.820-
0.945, p < 0.001)). The most striking finding at the baseline level was the overall increase in amino 
acids (AA), as well as diacylglycerophospholipids and a decrease in sphingolipids and 
acylalkylglycerophospholipids among women with an onset of type 2 diabetes. Dynamic observation 
of women with type 2 diabetes showed the preservation or increase of AA regulation and a decrease 
in sphingolipid and acylalkylglycerophospholipid regulation. The authors found a metabolic 
signature predicting the transition from GDM to type 2 diabetes in the early postpartum period. They 
concluded that metabolic dysregulation is present several years before the onset of type 2 diabetes 
and can be detected in the early postpartum period, among women with GDM [15]. Similar data were 
shown in an experimental study by Moritz Liebmann et al., conducted on two mouse models, with 
and without pre-existing glucose tolerance impairment at the time of pregnancy onset. Mice with 
initial glucose intolerance exhibited pronounced hyperlipidemia during pregnancy with elevated 
levels of free fatty acids, triglycerides, and an increased atherogenic index, while hepatic 
sphingomyelin concentrations decreased in the face of increased plasma sphingosine-1-phosphate 
(S1P) concentrations. These mice showed impairments in hepatic weight regulation and changes in 
the metabolism of free fatty acids, accompanied by impaired translocation of fatty acid translocase 
into the hepatocellular plasma membrane [16]. Thus, elevated concentrations of free fatty acids 
against a decrease in certain sphingolipid fractions may be a predictor of a more severe course of 
GDM and high risks for the development of type 2 diabetes. 

A particular interest is drawn to the significantly greater fetal mass according to ultrasound data 
at 32 weeks of gestation, when mothers with gestational diabetes mellitus (GDM) do not follow a diet 
(1899(1717; 2110), 2132(1865;229), p=0.04). It is likely that by 32 weeks of pregnancy, this separation 
becomes irreversible for the subsequent newborn’s weight (ultrasound fetal data at 32 weeks and 
results of OPLS analysis of the plasma lipid profile). According to a study by Robert J D’Arcy et al., 
accelerated fetal growth begins long before the diagnosis of GDM. The authors conclude on the 
necessity of finding early methods to identify pregnancies at high risk for fetal macrosomia due to 
GDM, as current methods (such as measuring glycated hemoglobin levels in the first trimester) are 
ineffective for these purposes [17]. This confirms the effectiveness of diet therapy in patients with 
GDM and adherence to proper nutrition principles during the planning of pregnancy to prevent fetal 
macrosomia. It can be assumed that the development of fetal macrosomia in women with GDM 
significantly depends on adherence to diet therapy: the higher the patient compliance, the more often 
babies with normal fetal weight were born (85% vs 50%). The samples of patients with fetal 
macrosomia are shifted to the right area of the graph, closer to the samples of patients who did not 
follow diet therapy. This means that the direction of changes in the lipid spectrum during the 
development of macrosomia and diet therapy are diametrically opposite. This confirms on a 
molecular level that diet therapy allows normalization not only of carbohydrate but also lipid 
metabolism in the mother and fetus. 

4. Materials and Methods 

4.1. Study Desing 

To study the clinical and anamnestic characteristics, obstetric and perinatal outcomes of 
pregnancies complicated by gestational diabetes mellitus (diet therapy), an observational case-
control study was conducted at the National Medical Research Center for Obstetrics, Gynecology, 
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and Perinatology Named after Academician V.I. Kulakov of the Ministry of Healthcare of the Russian 
Federation. Samples were collected throughout 2023. 

The study included 110 women who were observed during pregnancy and childbirth at the 
National Medical Research Center for Obstetrics Gynecology and Perinatology Named after 
Academician V.I. Kulakov of the Ministry of Healthcare of Russian Federation. Blood samples were 
taken from the cubital vein at 11-13, 24-26, and 30-32 weeks of pregnancy. 

Inclusion criteria for the main group (n=30): Caucasian race, singleton pregnancy, newborn 
weight from 2501 g to 4999 g, presence of gestational diabetes, and consent of the patient to participate 
in the study. Inclusion criteria for the control group (n=80): absence of gestational diabetes, singleton 
pregnancy, newborn weight from 2501 g to 3999 g, and consent of the patient to participate in the 
study. Exclusion criteria included type 1 and 2 diabetes mellitus, any somatic pathology in the 
decompensation stage, oncological diseases, autoimmune diseases, asthma in the stage of medicinal 
compensation, and multiple pregnancies. A semi-quantitative assessment of plasma lipid levels was 
performed using mass spectrometry. For a deeper data analysis, the main group was stratified based 
on adherence or refusal of the diet prescribed by an endocrinologist into two subgroups, consisting 
of 20 and 10 women, respectively. The frequencies of excessive, insufficient, and recommended total 
weight gain during pregnancy among the women in the groups and subgroups were calculated using 
the criteria of the Institute of Medicine of the USA (2009). 

Several stages were provided for in the study to address the tasks set. The second stage included 
conducting a longitudinal study (study of time points) among the group of women with gestational 
diabetes, where blood was collected at three points (at 11-13, 24-26, and 30-32 weeks of pregnancy) 
and lipidomic analysis of plasma was performed using HPLC-MS/MS, along with statistical analysis 
of the data obtained depending on the adherence of women with gestational diabetes to the diet 
prescribed by their doctor. 

Ultrasound examinations were performed on all pregnant women at scheduled times (11-14 
weeks, 18-21 weeks, and 30-32 weeks of pregnancy). Diagnostics of carbohydrate metabolism 
disorders were carried out in the first and third trimesters of pregnancy by fasting venous blood 
glucose levels, and in the second trimester by the results of an oral glucose tolerance test. 

4.2. HPLC-MS/MS Analysis of Plasma Lipid Extracts 

Lipid extracts were obtained using a modified Folch method. To 40 μL of blood plasma, 480 μL 
of a chloroform-methanol mixture (2:1, v/v) was added. The mixture was incubated for 10 minutes, 
filtered using filter paper, and 150 μL of an aqueous NaCl solution (1 mol/L) was added to the 
resulting solution. The mixture was centrifuged at 3000 rpm for 5 minutes at room temperature. The 
organic bottom layer containing lipids was collected and dried under a nitrogen stream, then re-
dissolved in an acetonitrile-2-propanol mixture (1:1, v/v) for subsequent mass spectrometric analysis. 

The molecular composition of the blood plasma samples was determined using flow injection 
analysis (FIA) electrospray ionization mass spectrometry with a Maxis Impact qTOF mass 
spectrometer (Bruker Daltonics, Bremen, Germany) [18,19]. Mass spectra were obtained in positive 
ion mode within the m/z range of 400-1000 with the following settings: capillary voltage of 4.5 kV, 
nebulizer gas pressure of 0.7 bar, drying gas flow rate of 6 L/min, drying gas temperature of 200 °C. 
A constant flow of eluents A/B at a 1/1 ratio was supplied at a rate of 20 μL/min by a Dionex UltiMate 
3000 binary pump and 5 μL of sample was injected by a Dionex UltiMate 3000 autosampler 
(ThermoScientific, Bremen, Germany). Acetonitrile/water (60:40, v/v) with 0.1% formic acid and 10 
mM ammonium formate was used as eluent A, and acetonitrile/2-propanol/water (90:8:2, v/v/v) with 
0.1% formic acid and 10 mM ammonium formate as eluent B. Tandem mass spectrometry (MS/MS) 
was used only for specific ions to refine their identification. Data-dependent analysis was used for 
ion identification. 

After the MS analysis, 200 mass spectra obtained during sample elution were averaged, 
normalized by total ion current (TIC), and transformed into an abundance-m/z table for further 
processing. 
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4.3. Statistical Analysis 

Statistical data processing was performed in RStudio (1.383 GNU) using custom scripts in the R 
language (4.1.1). Median values (Me) and quartiles (Q1, Q3) were used to describe the quantitative 
data. Qualitative data were presented as absolute values (%). Comparative analysis for qualitative 
data was performed using Fisher’s exact test and the 𝜒𝜒2-test. Comparative analysis of quantitative 
data was carried out using the Mann-Whitney test for pairwise comparison of groups. The 
significance threshold was determined to be 0.05. 

Mass spectrometry data analysis was conducted using multivariate analysis OPLS-DA 
(Orthogonal Projections to Latent Structures Discriminant Analysis), which allows for building 
statistical models using multivariate data to differentiate samples [20]. The influence of individual 
variables (lipids) on the created model was calculated using the Variable Influence on Projection (VIP) 
parameter. Lipids were identified by exact mass using the Lipid Maps database and characteristic 
tandem mass spectra [21,22]. 

To determine the prognostic significance of features, ROC analysis was performed and ROC 
curves were constructed with the calculation of the Area Under the Curve (AUC). 

5. Conclusions 

The data obtained enhance our understanding of the pathogenetic mechanisms involved in the 
development of gestational diabetes mellitus (GDM) and fetal macrosomia. Proper nutrition during 
pregnancy seems to play a crucial role in managing not only carbohydrate metabolism but also lipid 
metabolism for both the mother and the fetus. Early identification in the first trimester of patients 
who do not adhere to an appropriate nutritional regimen—coupled with consultations with dietitians 
and clinical psychologists—can effectively motivate these women to adjust their diets before 
irreversible changes in fetal weight occur. This proactive approach can help reduce the incidence of 
large-for-gestational-age newborns and those with macrosomia, decrease the frequency of cesarean 
sections, improve long-term health outcomes for women with GDM and their children, and promote 
economic efficiency. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
paper posted on Preprints.org. Table S1. Summary of clinical characteristics of the group. *—statistically 
significant differences and statistically significant p-values. Clinical parameters and p-values with statistical 
significance are highlighted in bold. 
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