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s u m m a r y

Background: Gestational diabetes mellitus (GDM) and pregnancy- 
specific urinary incontinence (PSUI) pose significant health chal
lenges for pregnant women, but their metabolic and molecular 
underpinnings remain poorly understood.
Methods: In this cross-sectional study, 1,105 participants from the 
DIAMATER cohort were categorized based on GDM and PSUI sta
tus. Dietary intake of iron, magnesium, zinc, and vitamins A and D 
was assessed through dietary recalls, while serum levels, gene 
expression (MTF1, RXRA, TFRC, TRPM6), and protein expression 
were analyzed using standard techniques. Oxidative stress 
markers were also measured.
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Results: GDM-PSUI participants exhibited lower RXRA and TFRC 
gene expression and decreased TFRC protein levels despite higher 
intake of magnesium, zinc, and vitamin D compared to GDM 
controls without PSUI. Serum mineral levels and oxidative stress 
markers did not differ significantly between groups.
Conclusions: Lower RXRA and TFRC expression in GDM-PSUI 
women, despite increased mineral and vitamin intake, suggests 
potential molecular targets for interventions aimed at improving 
management strategies in this population.

© 2025 The Authors. Published by Elsevier Ltd on behalf of 
European Society for Clinical Nutrition and Metabolism. This is an 

open access article under the CC BY license (http:// 
creativecommons.org/licenses/by/4.0/). 

Introduction

Gestational diabetes mellitus (GDM) is identified by impaired pancreatic β-cell functions and a 
comparatively insufficient  secretion of insulin, resulting in hyperglycemia during pregnancy [1]. 
Given that GDM is considered a possible precursor to chronic Type 2 Diabetes Mellitus (T2DM), this 
poses a substantial challenge to global health and medical resource [2,3].

Literature shows that nutrients and the expression of their receptors can be altered as a cause or 
consequence of GDM [4–7], and urinary incontinence (UI) [8–10]. This highlights the pressing need of 
determining the influence of nutrients on the functionality of β-cell in the pancreas and to prevent any 
potential damage to β-cells during pregnancy [11]. Although the findings  are inconclusive, recent 
research has investigated the correlation between diet and GDM. Particularly interesting is the fact 
that dietary modifications  prior to and during pregnancy may influence  the risk of GDM [12–16]. 
However, the existing body of evidence regarding the connection between diet and GDM is still 
limited in the primary global regions [17–19].

During the 20th century, Nutrigenomics emerged with the fundamental concept of gene-nutrient 
interaction in relation to the human post-genome [20,21]. Nutrigenomics investigates the relation
ship between bioactive compounds and nutrients present in food and the functioning of the genome, 
which may modulate gene expression and/or affect genome stability [22,23]. Dietary nutrients can 
have an indirect or direct effect on gene expression [24–26]. Indirectly influencing  cell-signaling 
pathways [24,27] or directly modulating transcriptional changes by interacting with nuclear re
ceptors [24].

Due to their higher fiber and micronutrient contents, fruits and vegetable-rich diets are associated 
with reduced risk of GDM [28]. Vitamin A, for instance, regulates the development and function of 
pancreatic beta cells in the underlying endoderm [29–31]. A correlation between glucose metabolism 
and vitamin A and its receptors has been identified in various studies [29,31,32]. The mechanism by 
which vitamin A exerts its effects involves interactions with retinoic acid (RXA) and retinoid acid X 
(RXR) receptors, including three subtypes of RXR: alpha, beta, and gamma [33]. The retinoid X alpha 
receptor (RXRA) is a nuclear receptor that functions in the metabolism of glucose, fatty acids, and 
cholesterol [34,35]. Glucose metabolism is disrupted and gene and protein expression and compro
mised due RXRA gene polymorphisms [34–36]. Furthermore, RXRA is essential for vitamin D signaling 
[37], which deficiency is linked to T2DM [38]. Regarding some dietary minerals literature describe a 
relationship between maternal iron stores and disturbances in glucose metabolism leading to the 
development of T2DM. In fact, during pregnancy, maternal iron nutritional requirements increase as 
gestation advances and become approximately 10 times higher by late pregnancy [39]. The transferrin 
receptor (TRFC) is a gene that encodes a cell surface receptor necessary for cellular iron uptake via 
endocytosis [40,41]. The TRFC expression is regulated by intracellular iron concentrations, i.e iron 
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deficiency  increases TRFC expression; conversely, elevated intracellular iron concentrations inhibit 
iron incorporation in cells and decrease TRFC expression [42]. Magnesium is an additional mineral, as 
well as deficiency has been linked to glucose dysregulation in pregnant women [43]. This mineral acts 
on insulin regulation and is transported intracellularly by a protein containing an ion channel domain 
and a protein kinase domain encoded by the transient receptor potential cation channel subfamily M 
member 6 (TRPM6) gene [44]. An association between zinc, pancreatic function, and diabetes has also 
been suggested for years [45,46]. Zinc has the function of regulating glucose and maintaining glucose 
absorption at physiological levels [46]. During pregnancy, zinc deficiency  is related to embryonic 
death and can also result in iron accumulation in various tissues, such as the liver and kidney [47,48]. 
Metal regulatory transcription factor 1 (MTF1) is responsible for activating genes related to zinc 
homeostasis and is reversibly activated in response to changes in free zinc concentrations [47,49].

In this study, we hypothesized that specific dietary nutrient intake would correlate with gene and 
protein expression patterns, influencing the development of pregnancy-specific urinary incontinence 
(PSUI) in women with GDM. To this end, the purpose of this study is to investigate the relationship 
between serum levels of iron, magnesium, zinc, vitamin A, and vitamin D and the expression of MTF1, 
RXRA, TFRC, and TRPM6 genes and proteins, as well as oxidative stress biomarkers in women with 
GDM and PSUI.

Materials and methods

Recruitment of pregnant patients

The study population included women who attended the Perinatal Diabetes Research Center 
(PDRC) at the University Clinical Hospital of Botucatu Medical School (UNESP), Brazil, and participated 
in the DIAMATER study, a prospective observational cohort approved by the Research Ethics Com
mittee of Botucatu Medical School, the host institution (CAAE: 82225617.0.0000.5411). The full study 
protocol of the original trial is published elsewhere [50]. This study included four groups from the 
Diamater cohort =(2016–2023), comprising a total of 1,105 participants. After informed consent was 
provided, plasma samples were collected from all patients. Groups were classified according to GDM 
diagnosis and PSUI into 4 groups namely, non-GDM continent (non-GDM-C), non-GDM incontinent 
(non-GDM-PSUI) and GDM continent (GDM-C) as control groups and GDM incontinent (GDM-PSUI) 
as study group. The full methodology for the analysis presented in the original essay has been pub
lished elsewhere [51].

Dietary intake analysis

The amount of iron (mg), magnesium (mg), zinc (mg), vitamin A (mcg) and vitamin D (mcg) intake 
were performed using a 24-hour and 48-hour dietary recall, in which all information on the pregnant 
woman's food intake were noted. The recall showed all foods and beverages ingested, mealtimes, 
ways of preparing food, amounts in household measures, portions or grams of foods/beverages 
ingested, and brands of foods. Discrepant values of nutrients were disregarded. After dietary 
assessment, all nutrients were quantified using a nutritional software (Nutrilife version 9.12).

Micronutrients biochemical analysis

A total of 15 mL blood was collected from the pregnant women for quantification of retinol (mg/L) 
by high-pressure liquid chromatography method efficiency, magnesium (mg/dL) by colorimetric 
method, serum zinc (μg/dL) by atomic absorption spectrometry method, iron (μg/dL) by the colori
metric method and vitamin D (ng/mL) by ARCHITECT i2000SR analyzer (Abbott, Brazil); between 24 
to 40 gestational weeks. Blood samples were centrifuged at 3,200 rpm for 12 min and serum aliquots 
were stored protect from light in a freezer at -80◦C for later analysis at the Clinical Hospital of the 
Faculty of Medicine of Botucatu (FMB) and by Alvaro Laboratory (Barueri, Sao Paulo – Brazil) [52,53].
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Gene expression by real-time PCR (qPCR)

The following genes were analyzed: MFT1, involved in the regulation of metal metabolism, mainly 
zinc; RXRA, involved in vitamin A and vitamin D signaling; TFRC, involved in iron transport; and 
TRPM6, related to magnesium transport. Total RNA was isolated and purified from whole blood by 
Trizol Reagent (Invitrogen®, Carlsbad, California, US) method, according to the manufacturer's in
structions. The High Capacity cDNA kit (Applied Biosystems) was used for the synthesis of comple
mentary DNA (cDNA) from 1000 ng of total RNA. The mRNA levels of the genes in Table 1 were 
determined by qPCR (QuantStudio® 3 Real-Time PCR System, Applied Biosystems, USA) in reactions 
containing PowerUp™ SYBR™ Green Master Mix 2 × (5 μL; Applied Biosystems, Foster City, CA), 0.4 
μM of each assay, 50 ng cDNA and nuclease-free water. All analyses were performed in triplicate. 
Relative gene expression was determined by the 2-ΔΔCt method [54] using the glyceraldehyde-3- 
phosphate dehydrogenase (GAPDH), folylpolyglutamate synthase (FPGS), and TNF receptor- 
associated protein 1 (TRAP1) genes as endogenous controls.

Protein expression by Western blot

The protein synthesis of MTF1, RXRA, TRPM6, and TFRC was analyzed by Western blot. Proteins 
were lysed with Ripa buffer (Radioimmunoprecipitation assay: 150 mM sodium chloride, 1% NP-40 or 
Triton X-100, 0.5% sodium deoxycholate, 0.1% SDS and 50 mM Tris, pH 8.0), and the homogenate was 
centrifuged at 4◦C for 20 min at 12000 rpm. The quantification  was performed according to the 
BRADFORD method, following the standardized protocol, and samples containing 25 ng of protein 
were used. Electrophoresis was performed on polyacrylamide gel at a concentration of 12%, according 
to the molecular weight of the analyzed proteins. Then, the proteins were transferred to a nitrocel
lulose membrane using a transfer buffer. Non-specific binding sites of the primary antibody to the 
membrane were blocked by incubation with a blocking solution (0.5% skimmed milk powder diluted 
in basal solution: 1 M Tris-HCl pH 8.0, 2.5 M NaCl and Tween 20) at room temperature under constant 
stirring. Then, the membrane was incubated with the primary antibody under constant agitation at a 
temperature of 2◦C–8◦C overnight. The primary antibodies used were mouse monoclonal anti-MTF1 
(Product#MAS-26739; 1:2000; Invitrogen, Waltham, US), rabbit monoclonal anti-RXRA (Pro
duct#MAS-35265; 1:1000; Invitrogen, Waltham, US), rabbit polyclonal anti-TRPM6 (Pro
duct#OST00108W; 1:1000; Invitrogen, Waltham, US) and mouse monoclonal anti-TRFC 
(Product#13–6800; 1:1000; Invitrogen, Waltham, US). After incubation with the primary antibody, 
the membrane was incubated with the secondary antibody, conjugated to peroxidase (anti-mouse or 
anti-rabbit; Invitrogen, Waltham, US) used in the titration of 1:1000 and 1:10000, respectively. 

Table 1 
Expression Primers Sequences and PCR cycle conditions

Gene F and F sequences (5′-3′) Tm (◦C) %GC λ

RXRA CTCAATGGCGTCCTCAAGGT 60.04 55.00 111
CACTCCATAGTGCTTGCCTGA 60.07 52.38

TRPM6 ATCCCTCCTTGGGGTGTCAT 60.25 55.00 67
GGTACAGGCACACCACATCT 59.68 55.00

MTF1 CGAGTGCACACGAAGGAGAA 60.32 55.00 91
TCTGATGTGCTTTCAGCCTGT 59.93 47.62

TFRC GATCGTGTCATGAGAGTGGAGT 59.57 50.00 83
CCCCAGAAGACATGTCGGAAA 60.00 52.38

GAPDH TCACCATCTTCCAGGAGCGA 60.61 55.00 50
AGCATCGCCCCACTTGATTT 60.32 50.00

FPGS TCTCTTGGCATCGACCACAC 60.04 55.00 93
GGCAGGGACACCTTGCTTAAA 60.82 52.38

TRAP1 TCCACCTGAAATCCGACTGC 60.04 55.00 63
TCGTTACCACATCTCGCACC 60.11 55.00

F: Forward Primer; R: Reverse Primer; Tm: Melting Temperature; %GC: Percentage of Guanine-Cytosine Content; λ: Amplicon 
Length.
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Figure 1. Flow diagram illustrating the screening and selection of the study population for analyses of dietary intake, biochemical markers of micronutrients, gene expression profiles, 
protein expression, and oxidative stress markers. This figure represents the categorization of 1,105 pregnant participants into four groups based on GDM and PSUI diagnoses. List of Ab
breviations: Non-GDM-C: non-gestational diabetes mellitus and continent group; non-GDM-PSUI: non-gestational diabetes mellitus and incontinent group; GDM-C: gestational diabetes 
mellitus and continent group; GDM-PSUI: gestational diabetes mellitus and incontinent; n: represents the number of participants in each group.
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Figure 2. Comparison of fasting blood glucose, glucose levels one and two hours after the OGTT, and glycated hemoglobin 
across study groups. Data are presented as means ± standard deviation. Significant differences in glucose and glycated hemo
globin levels were observed between the groups, indicating the effect of gestational diabetes and stress urinary incontinence on 
metabolic parameters. Statistical analysis was performed using one-way ANOVA followed by Bonferroni-corrected multiple 
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Finally, immunodetection was performed using the chemiluminescence method according to the 
manufacturer's instructions (Enhancer Chemi-Luminescence, Amersham Biosciences, NJ-USA). 
Quantitative analyses of protein bands were performed using Carestream Molecular Imaging 5.0 
software (Carestream Health, Rochester, NY, USA).

Oxidative stress biomarkers

Protein carbonylation level
Protein carbonylation was performed using serum samples to verify the irreversible protein 

damage caused by reactive oxygen species. These samples were measured using the non-specific 
DNPH method (2,4-dinitrophenylhydrazine as the derivatizing agent), and the amounts were 
expressed in mmol of DNPH per mg of protein [55,56].

Malondialdehyde (MDA) level
A total of 250 μL serum from pregnant patients was used at both times and 750 μL 10% tri

chloroacetic acid (TBA) for protein precipitation. Afterward, the samples were centrifuged (3000 rpm; 
for 5 min; Eppendorf Centrifuge 5804-R, Hamburg, Germany), and the supernatant was removed; 
0.67% thiobarbituric acid was added in the ratio of 1:1, and later the samples were heated for 15 min at 
a temperature of 100ºC. Reading at 535 nm was performed on a Spectra Max 190 microplate (Mo
lecular Devices, Sunnyvale, CA, USA). The MDA concentration was found by the molar extinction 
coefficient (1.56 × 105 M− 1 centimeter− 1) [57].

Statistical analysis

In the statistical analysis, the sample size for the present study was determined based on a power 
analysis, as detailed in reference [50]. The study group was compared to three control groups related 
to numerical variables using the ANOVA test for independent samples followed by multiple com
parisons with Bonferroni correction. Correlation analysis was performed using Pearson's correlation 
coefficient. The analysis was performed using the SPSS 21 software. The P<0.05 value was considered 
statistically significant.

Results

For the present prospective, population-based cohort study (Diamater Study), a screen survey 
study of 1,105 pregnant women was selected (Figure 1), 205 were excluded, turning the analysis of 
900 pregnant women. Figure 2 shows the variables of fasting blood glucose, glucose 1 hour after the 
Oral glucose tolerance test of 75 g (OGTT), glucose 2 hours after the OGTT, and glycated hemoglobin. 
The GDM-PSUI group exhibited a significant increase in fasting blood glucose, OGTT 1h, OGTT 2h, and 
glycated hemoglobin when compared to the non-GDM groups. Figure 3 shows the dietary intake 
amounts and serum level of iron, magnesium, zinc, vitamin A, and vitamin D. GDM-PSUI had a sig
nificant  increase in dietary intake of magnesium and zinc, and a significant decrease in vitamin D 
compared to the non-GDM-C group. There were no significant difference of dietary food intake of iron 
and vitamin A, and serum levels of iron, magnesium, zinc and vitamin D between study group and 
control groups.

Figure 4 shows FPGS, MTF1, RXRA, TRAP1, TRFC, and TRPM6 gene expression in GDM-PSUI 
compared with the three control groups. RXRA and TRFC expressions were decreased in the GDM- 

comparisons. Pearson's correlation coefficient was used for correlation analysis. A P-value < 0.05 was considered statistically 
significant. *: P<0.05; ***: P<0.0001. List of Abbreviations: Non-GDM-C: non-gestational diabetes mellitus and continent group; 
non-GDM-PSUI: non-gestational diabetes mellitus and incontinent group; GDM-C: gestational diabetes mellitus and continent 
group; GDM-PSUI: gestational diabetes mellitus and incontinent group; OGTT-75g: Oral glucose tolerance test of 75 g; P-value: the 
probability of observing a test statistic value greater than or equal to the one found; mg/dL: milligrams per deciliter.
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Figure 3. Comparison of dietary intake and serum micronutrient levels between GDM-PSUI and control groups. This figure illustrates the differences in dietary intake and serum levels of 
selected micronutrients—iron, magnesium, zinc, vitamin A, and vitamin D—between the GDM-PSUI group (GDM with PSUI) and three control groups. Significant increases in dietary intake of 
magnesium and zinc and a significant decrease in dietary intake of vitamin D were observed in the GDM-PSUI group compared to the non-GDM-C group, suggesting nutritional disparities 
associated with GDM-PSUI. Data are presented as means ± standard deviation. (A) Dietary intake levels of iron, magnesium, zinc, vitamin A, and vitamin D. (B) Serum levels of iron, magnesium, 
zinc, vitamin A, and vitamin D. Statistical analysis was performed using one-way ANOVA followed by Bonferroni-corrected multiple comparisons, with significance set at P < 0.05. *P < 0.05; **P 
< 0.001. List of Abbreviations: Non-GDM-C: non-gestational diabetes mellitus and continent group; non-GDM-PSUI: non-gestational diabetes mellitus and incontinent group; GDM-C: 
gestational diabetes mellitus and continent group; GDM-PSUI: gestational diabetes mellitus and incontinent group; P-value: the probability of observing a test statistic value greater than 
or equal to the one found; mg: milligram; ug: microgram; ng/mL: nanogram per milliliter; mcg: microgram; mg/dL: milligrams per deciliter; ug/dL: micrograms per deciliter.
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Figure 4. Comparison of gene expression levels in the GDM-PSUI group and three control groups. Data are presented as means 
± standard deviation. Gene expression analysis includes key genes involved in nutrient metabolism and cellular stress responses: 
FPGS, MTF1, RXRA, TRAP1, TRFC, and TRPM6. Notably, the GDM-PSUI group exhibited a significant reduction in RXRA and TRFC 
expression levels compared to the GDM-C group, suggesting a possible link to metabolic or inflammatory pathways involved in 
GDM-PSUI. Statistical analysis was performed using one-way ANOVA followed by multiple comparisons. A P-value < 0.05 was 
considered statistically significant. ***P<0.0001. List of Abbreviations: Non-GDM-C: non-gestational diabetes mellitus and conti
nent group; non-GDM-PSUI: non-gestational diabetes mellitus and incontinent group; GDM-C: gestational diabetes mellitus and 
continent group; GDM-PSUI: gestational diabetes mellitus and incontinent group; P-value: the probability of observing a test 
statistic value greater than or equal to the one found; FPGS: folylpolyglutamate synthase; MTF1: metal regulatory transcription 
factor 1; RXRA: retinoid X receptor alpha; TRAP1: TNF receptor associated protein 1; TRFC: transferrin receptor; TRPM6: transient 
receptor potential cation channel subfamily M member 6.
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Figure 5. Comparison of protein expression levels in the GDM-PSUI group and three control groups. Data are presented as 
means ± standard deviation. Protein expression analysis includes key proteins involved in nutrient regulation and cellular 
signaling: MTF1, RXRA, TRFC, and TRPM6. Significant differences in protein expression between groups emphasize the impact of 
GDM and PSUI on metabolic pathways and cellular regulation. Notably, TRFC protein expression was significantly reduced in the 
GDM-PSUI group relative to the GDM-C group, indicating potential disruptions in cellular iron transport linked to GDM-PSUI. 
Statistical analysis was conducted using one-way ANOVA followed by Bonferroni-corrected multiple comparisons. A P-value < 
0.05 was considered statistically significant; *P < 0.05 and ***P < 0.0001 indicate levels of significance. List of abbreviations: Non- 
GDM-C: non-gestational diabetes mellitus and continent group; non-GDM-PSUI: non-gestational diabetes mellitus and incontinent 
group; GDM-C: gestational diabetes mellitus and continent group; GDM-PSUI: gestational diabetes mellitus and incontinent group; 
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PSUI group relatively to the GDM-C group. No significant differences were found FPGS, MTF1, TRAP1, 
and TRPM6 expression in relation to the study group and the other control groups.

MTF1, RXRA, TRFC, and TRPM6 protein expression in GDM-PSUI and in the three control groups are 
showed in Figure 5 (values are expressed as means and standard deviations). The TRFC protein 
expression was decreased in the GDM-PSUI group relatively to the GDM-C group. No significant 
differences were found for MTF1, RXRA, and TRPM6.

Figure 6 presents the Pearson correlation coefficients  among the analyzed variables. In the 
negative control group (non-GDM-C), a negative correlation was observed between serum vitamin A 
levels (Y) and RXRA protein expression (Figure 6A). Positive correlations were detected between TRFC 
(Y) and RXRA gene expression (X), and also between RXRA gene (X) and RXRA protein expression (Y) 
in the GDM-C Group (Figure 6C and D) Additionally, a positive correlation was found between the 
TRFC (Y) AND RXRA (X) protein expression (Y) in the non-GDM-PSUI Group (Figure 6B). Figure 6E 
highlighted that the GDM-PSUI Group presented a positive correlation between TRFC (Y) and RXRA 
(X) gene expression and also a negative correlation between serum iron (Y) and protein expression of 
RXRA (X). This means that as RXRA protein expression increases, iron levels tend to decrease 
significantly.

Figure 7 shows the two oxidative stress biomarkers measured in GDM-PSUI and in control groups 
(values are expressed as means and standard deviations). None statistically significant difference was 
detected.

Discussion

In this study, we aimed to explore the correlations between dietary intake and the expression of 
specific genes and proteins in women with GDM and PSUI. Our results revealed significant elevations 
in fasting blood glucose and glycated hemoglobin in the GDM-PSUI group compared to non-GDM 
counterparts, along with increased magnesium and zinc intake but reduced vitamin D levels. How
ever, these dietary changes did not translate into corresponding alterations in serum micronutrient 
levels, indicating a complex interplay that warrants further investigation. Thus, while our hypothesis 
is partially supported through observed correlations, the lack of direct associations between dietary 
intake and biomarker levels suggests the need for additional research to clarify these relationships.

GDM is a transient condition by definition, neverthess data indicate that women with GDM and 
PSUI remain at an elevated risk for long-term UI[58–60]. Therefore, in order to enhance the quality of 
life for women diagnosed with GDM, it is imperative to understand the correlation between GDM and 
PSUI. It is noteworthy that in previous studies, we have established maternal Hyperglycemic 
Myopathy as the fundamental mechanism underlying PSUI in GDM women [61–65].

Pregnant women frequently experience nutritional deficiencies, and following a diet rich in mac
ronutrients and micronutrients during pregnancy and childbirth may promote optimal fetal devel
opment and protect mother and fetus from potential metabolic complications [28]. This study detailed 
the combined effects of pregnancy dietary food intake and serum micronutrient levels on the 
expression of MTF1, RXRA, TFRC, and TRPM6 genes and proteins, as well as oxidative stress biomarkers 
in GDM women with PSUI. According to the results women with GDM and PSUI exhibited higher 
magnesium and zinc intake and lower vitamin D dietary intake compared to non-GDM continent 
women. However, this variation had no impact on the serum concentrations of equivalent plasmatic 
micronutrients. Despite the GDM and PSUI group having a higher magnesium intake, pregnant women 
across all four groups failing to meet the recommended levels (290 mg–300 mg) as outlined by [66]. As 
reported in a study lipid profiles and glucose regulation in pregnant women with GDM were improved 
after six weeks of magnesium supplementation (250mg/day) and vitamin E (400IU/day) improved 
[67]. Moreover, according to a recent meta-analysis women with GDM achieved substantial gains 
glycemic control by supplementing their diets with magnesium, zinc, selenium, calcium, vitamin D, 
and E (either individually or in combination) [68]. This observed improvement can be attributable to a 

P-value: the probability of observing a test statistic value greater than or equal to the one found; MTF1: metal regulatory tran
scription factor 1; RXRA: retinoid X receptor alpha; TRFC: transferrin receptor; TRPM6: transient receptor potential cation channel 
subfamily M member 6.
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reduction in MDA levels, oxidative stress, inflammation and overall antioxidant capacity. Given the link 
between oxidative stress and endothelial dysfunction, these findings suggest potential improvements 
in endothelial performance among the participants in this cohort supplementation with 4,000 IU 

Figure 6. Pearson correlation analysis among selected variables in different study groups, highlighting associations between 
nutrient levels, protein expression, and gene expression. Correlation coefficients and P-values indicate the strength and sig
nificance of relationships, suggesting potential interactions relevant to GDM and PSUI status. (A) Correlation between serum 
vitamin A (Y-axis) and RXRA protein expression (X-axis) in the non-gestational diabetes mellitus and continent group (non-GDM- 
C; P = 0.0359; *P<0.05). (B) Correlation between TRFC protein expression (Y-axis) and RXRA protein expression (X-axis) in the non- 
gestational diabetes mellitus and incontinent group (non-GDM-PSUI; P = 0.0115; *P<0.05). (C) Correlation between TRFC gene 
expression (Y-axis) and RXRA gene expression (X-axis) in the gestational diabetes mellitus and continent group (GDM-C; P =
0.0139; *P<0.05). (D) Correlation between RXRA protein expression (Y-axis) and RXRA gene expression (X-axis) in the GDM-C 
group (P = 0.0240; *P<0.05). (E) Correlation between TRFC gene expression (Y-axis) and RXRA gene expression (X-axis) in the 
gestational diabetes mellitus and postpartum stress urinary incontinence group (GDM-PSUI; P = 0.0042; *P<0.05). (F) Correlation 
between serum iron (Y-axis) and RXRA protein expression (X-axis) in the GDM-PSUI group (P = 0.0082; *P<0.05). List of abbre
viations: Non-GDM-C: non-gestational diabetes mellitus and continent group; non-GDM-PSUI: non-gestational diabetes mellitus 
and incontinent group; GDM-C: gestational diabetes mellitus and continent group; GDM-PSUI: gestational diabetes mellitus and 
incontinent group; P-value: probability of observing a test statistic as extreme as, or more extreme than, the observed value under 
the null hypothesis; r: Pearson correlation coefficient; RXRA: retinoid X receptor alpha; TRFC: transferrin receptor.
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vitamin D3 for six months in overweight, vitamin D-deficient GDM patients enhanced pancreatic beta 
cell function, as measured by the Quantitative Insulin Sensitivity Check Index [69].

In contrast to magnesium, the zinc intake of our study groups was in accordance with the daily 
recommendation of [66], which is 11 milligrams. Bo et al. [4] conducted a study examining the cor
relation between dietary zinc consumption and gestational hyperglycemia. The results indicated that 
a daily increase of 1 mg in zinc ingestion reduced the risk of GDM by 11% during the first 24–28 weeks 
of pregnancy. Conversely, Behboudi-Gandevani et al. [70] performed a study that investigated women 
between 14 and 20 weeks of gestation and revealed that dietary zinc intake falling below 50% of the 
recommended daily allowance did not correlate significantly with any adverse effects.

As mentioned before, we investigated the relationship between gene and protein expression and 
micronutrient uptake in blood cells of pregnant women with and without GDM and PSUI Initially, it 
was noted that there was no correlation between the elevated vitamin A levels and the RXRA protein 
expression in the healthy women (non-GDM-C). The results showed a decreased expression of RXRA 
in GDM women with urinary incontinence relative to continent GDM women. However, the levels of 
transcripts did not directly correlate with alterations in the corresponding protein levels. Perhaps, the 
protein biosynthesis was constrained by some limited nutrient uptake. Indeed, the explanatory power 
of genome-wide correlations between mRNA and protein expression levels is notoriously low, 
remaining around 40% across numerous studies [71]. Typically, alternative levels of regulation exist 
between the transcript and the protein product, which account for the discrepancy [72,73]. For 
example, recent research has shown that the activity of vitamin A depended on the activation of the 
RXRA nuclear receptor, which is affected by vitamin A status [35]. Furthermore, Mukwaya et al. [74] 
have demonstrated that the inflammatory process inhibits the expression of RXR. This finding implies 
that inflammation may disrupt the functionality of RXR and GDM, possibly affecting the biological 
processes in which the RXR is involved.

Figure 7. Oxidative stress biomarker levels in GDM-PSUI and control groups, demonstrating that no statistically significant 
differences were detected among the groups (values are expressed as means and standard deviations). This figure highlights 
that the presence of GDM and/or PSUI doesn't appear to significantly alter oxidative stress biomarker levels compared to controls. 
Statistical analysis was performed using ANOVA. List of Abbreviations: Non-GDM-C, non-gestational diabetes mellitus and 
continent group; Non-GDM-PSUI, non-gestational diabetes mellitus and incontinent group; GDM-C, gestational diabetes mellitus 
and continent group; GDM-PSUI, gestational diabetes mellitus and incontinent group; nmol/mg protein, nanomole per milligram.
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A concomitant decrease of TRFC gene and protein expression was observed in GDM incontinent 
women compared to GDM continent women. Literature shows that TRFC can be regulated by the 
amounts of intracellular iron [75]. According to Macedo and Sousa [42], when TRFC expression is 
increased, there is evidence of iron deficiency in cells. These results are consistent with our findings, 
as we also detected an increase in iron uptake and a reduction in TRFC expression in GDM and PSUI 
group. While the modulation of iron metabolism is the most widely recognized function of TRFC, it 
also exhibits an important impact on muscle physiology. In animal models, specific deletion of TRFC in 
muscle tissue resulted in numerous detrimental effects on muscle tissue, including muscle growth 
retardation. Iron uptake by muscle cells is impaired in the absence of TRFC, which has negative im
plications on protein synthesis and proper muscle development [76]. The role of iron in the devel
opment of GDM is uncertain, but high iron stores are linked to disturbances in glucose metabolism 
[77] and increased risk of type 2 diabetes [78].

In relation to oxidative stress, as assessed by MDA and protein carbonylation levels, there was no 
significant variation observed across the groups. Diabetes is a condition of glucotoxicity that leads to 
post-translational modifications, such as protein carbonylation [79]. A study involving health preg
nant women from 24–28 gestational weeks, revealed an increase in plasma protein oxidation [80]. 
Moreover, at 24–28 weeks of gestation, pregnant women with GDM had also elevated levels of MDA 
and vitamin E compared to healthy pregnant women [81]. Biochemically, modified proteins are the 
causes of tissue damage [82]; however, our study did not detect this particular condition.

This study is limited by the lack of significant changes observed in serum micronutrient levels, 
despite differences in dietary intake. This observation suggests that variables such as nutrient 
bioavailability and the metabolic adaptations occurring during pregnancy may significantly influence 
the results, potentially masking the true effects of diet on health outcomes. Understanding these 
dynamics is crucial, as they underscore the complexity of nutrient metabolism in pregnant women.

Conclusion

This study presented new insight into the potential impact of dietary choices and intake in on 
pregnant women. Understanding homeostasis of minerals and vitamins via cellular processes appears 
to be crucial for the development of new therapies for disorders such as GDM. Our result mainly 
concerning the expression of TRFC in pregnant women with GDM-PSUI, might be used as a model for 
nutritional and/or pharmacological intervention in the population of pregnant women. It is our belief 
that individualized nutrition protocols, such as those offered by the field  of nutrigenomics, could 
potentially contribute to treatment strategies in future.
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