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Abstract: Gestational diabetes mellitus (GDM) is one of the most frequent predictors of obstetric
outcome among Romanian pregnant women. Thus, we aimed to investigate the role of rs7903146
(C/T) TCF7L2 gene polymorphism in the presence of GDM and to evaluate the influence on maternal-
fetal outcomes in a cohort of pregnant women from Northern Transylvania. Our prospective case—
control study was performed in a tertiary maternity center on 61 patients diagnosed with GDM and
55 normal pregnant patients. The patients were genotyped for rs7903146 (C/T) polymorphism of the
TCF7L2 gene using the PCR-RFLP method between 24 and 28 weeks of gestation. The minor T allele
was associated with a high risk of developing GDM (OR 1.71 [95% CI 0.82-3.59]) if both heterozygote
and homozygote types were considered. Also, a higher risk of developing GDM was observed in
homozygous carriers (OR 3.26 [95% CI 1.10-9.68]). Women with the TT genotype were more likely
to require insulin therapy during pregnancy than other genotypes with a 5.67-fold increased risk
([1.61-19.97], p = 0.015). TT homozygote type was significantly associated with fetal macrosomia for
birth weights greater than the 95th percentile (p = 0.034). The homozygous TT genotype is associated
with an increased risk of developing GDM. Also, rs7903146 (C/T) TCF7L2 variant is accompanied
by a high probability of developing insulin-dependent gestational diabetes mellitus (ID-GDM). The
presence of at least one minor T allele was associated with a higher risk of fetal macrosomia.
Keywords: gestational diabetes mellitus; rs7903146 (C/T) polymorphism; TCF7L2 gene;
fetal macrosomia

1. Introduction

Nowadays, due to the rising rates of obesity and metabolic disorders among young
women, GDM comes up as one of the most frequent complications that arise during
pregnancy [1].

Both hyperglycemia and GDM have been significantly associated with adverse perina-
tal outcomes. The severity of maternal glucose metabolism disorders influenced the overall
frequency of adverse outcomes, such as preeclampsia or gestational hypertension, preterm
birth and (NICU) admission, fetal macrosomia, primary cesarean delivery and clinically
diagnosed neonatal hypoglycemia [2,3].

Considering that type 2 diabetes mellitus (T2DM) is a multigenic disease, several
genetic polymorphisms with a role in glucose homeostasis were subsequently studied in
GDM patients [4]. Identified as a risk factor in T2DM, TCF7L2 is one of the latest mapped
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genes whose expression disrupts pancreatic islet function lowering insulin secretion [5,6].
Glucagon-like peptide-1 (GLP-1) balances blood sugars by stimulating insulin secretion
and lowering glucagon levels [7].

Located on chromosome 10q25.3, TCF7L2 modifies the effect of incretins on insulin
secretion by lowering sensitivity in beta cells. It subsequently elevates blood sugars and
raises the risk for T2DM [8], but this is not due to a reduced secretion of GLP-1. Out of
various polymorphisms present in TCF7L2 that have been linked to T2DM, one particularly
was found to have a strong association with GDM in Caucasian women. TCF7L2 rs7903146
(C/T) has been associated with an increased risk for insulin necessity in pregnant women
with impairing postprandial glucose homeostasis [9,10].

This study aims to investigate the potential contribution of TCF7L2 (C/T) polymor-
phism to GDM susceptibility and to evaluate its influence on maternal-fetal outcomes in
this cohort of Romanian pregnant women.

2. Results
2.1. Obstetrical Outcomes

Data regarding demographic characteristics and obstetric parameters are depicted in
Table 1. We found that the newborns from diabetic mothers had a higher birth weight than
those from the control group, about 57.4% being over the 90th percentile compared to about
30.9% in the control group. The chi-square test showed a significant relationship between
maternal diabetic status and newborns’ weight (p = 0.015). As expected, fetal macrosomia
was more frequently encountered in the diabetic mothers” group (p = 0.005).

Table 1. The demographic data and obstetric parameters.

GDM 2 (n =61) Non-GDM (n = 55) p-Value d
(arithmetic mean + SD ?)
Maternal age (years) 31.9 + 3.88 30.53 £ 5.07 0.102
BMI € at admission 31.49 £4.58 29.06 £ 4.24 0.004
Weight gain during pregnancy (kg) 15.05 £ 5.58 15.89 £ 5.24 0.418
Gestational age at birth (weeks) 38.44 + 1.68 39.31 £1.17 0.002
Family history of diabetes no (%) 16 (26.2%) 8 (14.5%) 0.119
Smoking habit, no (%) 10 (16.4%) 2 (3.6%) 0.021
Parity, no (%)
Nulliparous 42 (68.9%) 39 (70.9%) 0.737
Multiparous 19 (31.1%) 16 (29.1%)

Delivery route no (%)

Vaginal 29 (47.5%) 29 (52.7%) 0.581

C-section 32 (52.5%) 26 (47.3%)
APGAR score at 5 min
>7 59 (96.7%) 53 (96.4%) 1.000
<7 2 (3.3%) 2 (3.6%)
Birth weight (centiles)
<p10 3 (4.9%) 3 (5.5%)
p10-p90 23 (37.7%) 35 (63.6%) 0.015
<p90 35 (57.4%) 17 (30.9%)

2 GDM—gestational diabetes mellitus; b gD standard deviation; © BMI—body mass index; d significant p-values
are noted in bold print.

There were significant differences between the two groups regarding maternal compli-
cations, such as hypertensive disorder (p = 0.002), the failure of labor induction (p = 0.014)
and shoulder dystocia and lacerations (p = 0.002). No significant differences were found be-
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tween the groups regarding obstetric complications, like premature rupture of membranes,
preterm labor, polyhydramnios, and fetal dystocia (p > 0.05). The perinatal complications,
both maternal and fetal, are presented in Table 2.

Table 2. The maternal-fetal outcomes in the patient cohorts included in the study.

GDM (N =61) Non-GDM (N =55) p-Value
Maternal complications, (%)
Hypertensive pathology 12 (19.7%) 1(1.8%) 0.002
Premature rupture of membranes 5 (8.2%) 0 0.059
Preterm birth 6 (9.8%) 1 (1.8%) 0.117
Polyhydramnios 5(8.2%) 0 0.059
Failure of labor induction 7 (11.5%) 0 0.014
Shoulder dystocia/soft tissue lacerations 12 (19.7%) 1(1.8%) 0.002
Fetal dystocia 4 (6.6%) 1 (1.8%) 0.367
Fetal complications, (%)
TUGR 3(4.9%) 3 (5.5%) 1.000
Macrosomia 26 (42.6%) 12 (21.8%) 0.019
Perinatal asphyxia/acute fetal distress 0 2 (3.6%) 0.223

2.2. Genetic Analysis

We used the Hardy—Weinberg principle to identify the potential genotyping errors in
the control group studied. The test failed to reject the null hypothesis, suggesting that both
the genotype and allele frequencies are in equilibrium.

Homozygous TT patients had a 3.26-fold increased risk of developing GDM with a
tendency to statistical significance (p = 0.074). There were significant differences observed
between the two studied groups regarding the allele frequencies (GDM vs. non-GDM,
43.3% vs. 29.1%). There was a 1.87-fold (p = 0.016) increased risk of developing GDM in
carriers of the T allele (Table 3).

Table 3. Distribution of rs7903146 (C/T) genotypes of TCF7L2 gene and allele frequencies in pregnant
women with or without GDM.

Frequencies

TCF7L2 rs7903146 G t -Value P OR [95%CI] ¢
s enotype GDM* (N = 61) Non-GDM (N = 55) P

CC, no (%) 23/61 (37.7%) 28/55 (50.9%) 0.58 [0.28-1.22]

CT, no (%) 23/61 (37.7%) 22/55 (40%) 0.074 0.91 [0.43-1.92]

TT, no (%) 15/61 (24.6%) 5/55 (9.1%) 3.26 [1.10-9.68]

Alleles

C allele, no (%) 69/122 (56.6%) 78/110 (70.9%) 0.016 0.53 [0.31-0.92]

T allele, no (%) 53/122 (43.3%) 32/110 (29.1%) - 1.87 [1.09-3.23]

Dominant model

CC, no (%) 23/61 (37.7%) 28/55 (50.9%) 0.107 0.58 [0.28-1.22]

CT+TT, no (%) 38/61 (62.3%) 27/55 (49.1%) ’ 1.71 [0.82-3.59]

Recessive model

TT, no (%) 15/61 (24.6%) 5/55 (9.1%) 0.024 3.26 [1.10-9.68]

CC+CT, no (%) 46/61 (75.4%) 50/55 (90.1%) . 0.31[0.10-0.91]

Co-dominant model

CT, no (%) 23/61 (37.7%) 22/55 (40%) 0.475 0.91[0.43-1.92]

CC+TT, no (%) 38/61 (62.3%) 33/55 (60%) : 1.1 [0.52-2.33]

Homozygote

CC, no (%) 23/38 (60.5%) 28/33 (84.8%) 0.021 0.27 [0.09-0.87]

TT, no (%) 15/38 (39.5%) 5/33 (15.2%) . 3.65 [1.15-11.57]

Heterozygote

CC, no (%) 23/48 (50%) 28/50 (56%) 0.351 0.79 [0.35-1.76]

CT, no (%) 23/48 (40%) 22/50 (44%) : 1.27 [0.57-2.84]

2 GDM—gestational diabetes mellitus; b significant p-values are noted in bold print; ¢ OR—odds ratio; CI—

confidence interval.
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Our analysis of the patients’ BMI based on their genotype revealed that the average
BMI exceeded the normal weight range in all three instances. Notably, patients with the
TT genotype exhibited the highest average BMI (30.83 + 5.53), surpassing those with the
CC genotype (29.84 + 4.29) and the CT genotype (30.67 & 4.47). Nevertheless, statistical
analysis failed to identify statistically significant differences between BMI means and
patient genotypes (p > 0.05).

The analysis of maternal and fetal complications depending on the genotype showed
no significant association (p > 0.05). However, women with a TT homozygote genotype
had polyhydramnios and premature rupture of membranes significantly more often than
expected compared to the other two genotypes studied with p = 0.0093 at an alpha level of
0.017 (Bonferroni adjusted level).

Considering the necessity of insulin therapy in the GDM group, women with the TT
genotype were more likely to develop insulin-dependent diabetes (45.5%) compared to
other genotypes ((22.7%—CC genotype, 31.8%—CT genotype) OR 5.67 [CI 95% 1.61-19.97],
p = 0.005) (Table 4).

Table 4. The statistical analysis of the genotype frequencies of the rs7903146 (C/T) polymorphism in
the TCF7L2 gene among diabetic patients with and without insulin requirement.

GDM Type Insulin-Requiring GDM  Non-Insulin-Requiring GDM  OR (95% CI)

CcC 5 (22.7%) 18 (46.2%) 0.34 (0.11-1.12)

CT 7 (31.8%) 16 (41%) 0.67 (0.22-2.02)

TT 10 (45.5%) 5(12.8%) 5.67 (1.61-19.97)
p-value 0.015

We also analyzed the relationship between the maternal genotype and birth weight
percentile. The presence of at least one T minor allele was associated with a high risk of
fetal macrosomia (OR 1.13 [95% CI 0.54-2.36]). When only the homozygote TT genotype
was considered, an even higher risk of macrosomia was found (OR 2.12 [95% CI 0.82-5.80]).
Statistical significance was obtained when the homozygote type was correlated with birth
weight greater than the 95th percentile (OR 3.12 [95% CI 1.16-8.38], p = 0.034).

3. Discussion

GDM is a worldwide health problem due to its high prevalence in recent years because
of the global increase in the prevalence of type 2 diabetes and obesity. It is well known that
this condition leads to serious long-term consequences for both mother and fetus.

Considering the risk of a patient with a history of GDM to develop T2DM during
her lifetime, it was concluded that these two pathologies have similar pathophysiological
mechanisms, share the same risk factors and apparently the same genetic susceptibility.
However, the genetic terrain of GDM is not so well known yet.

This study investigates the correlation between the TCF7L2 rs7903146 (C/T) gene
polymorphism and the development of GDM in Caucasian women. Our research demon-
strates significant differences between the studied groups regarding the alleles of rs7903146
polymorphism, in a recessive and homozygote model. There is a significant correlation
between the presence of the T allele and the development of GDM. Patients with at least one
T allele, carriers of the heterozygous and homozygous genotypes, had 1.71 times higher risk
of developing GDM. Patients with the TT genotype had 3.26 times higher risk compared
with CC or CT genotypes.

Rs 7903146 (C/T) variant of the TCF7L2 gene is known as the most frequently related
polymorphism to GDM. The TCF7L2 gene is expressed in most tissues and organs, espe-
cially those involved in metabolic homeostasis, such as the liver, brain and subcutaneous
adipose tissue. However, its role other than in the pancreas tissue remains uncertain [11]. A
potential adverse effect of the presence of minor T allele of polymorphism rs7903146 (C/T)
on insulin secretion has been suggested. However, the consequences for the pancreatic
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cellular function of this polymorphism remain to be clarified. It has been observed that the
presence of this allele increases the expression of the TCF7L2 gene in the 3-pancreatic cell
with a decrease in insulin secretion [12].

Several studies have posited that TCF7L2, a significant gene implicated in the eti-
ology of type 2 diabetes mellitus (T2DM), could potentially disrupt GLP1, diminish the
expression of GLPIR and glucose-dependent insulinotropic polypeptide/gastrointestinal
inhibitory peptide (GIP) receptor (GIP-R) and impede (3-cell function through the stimu-
lation of insulin secretion (in concert with GIP). TCF7L2 may also contribute to aberrant
insulin processing and activation of the Wnt signaling pathway, culminating in the onset of
T2DM [13,14].

Similar results have been obtained by a series of more recent studies showing that
there are significant correlations between TCF7L2 SNP variants and the occurrence of
GDM, as well as the existence of genetic variations related to ethnicity and race, making it
necessary to validate this association for each population.

In contrast, Klein et al. (2012) found no significant correlation between the TT ho-
mozygous variant of the rs7903146 (C/T) TCF7L2 polymorphism and the occurrence of
GDM [15-20].

The polymorphism investigated has been confirmed as a risk factor for GDM in both
our study and in a recent study conducted in the Indian population, thus emphasizing
the significance of TCF7L2 variants as potential biomarkers for evaluating disease risk
irrespective of ethnicity and race [21]. The rs7903146 SNP variant, recognized as a risk
factor among individuals in the American and Asian populations as well as in the Pacific
region, might demonstrate a protective effect within the African population [22].

We also analyzed the presence of the risk allele to maternal-fetal complications and
the need for insulin therapy during pregnancy. We demonstrated that the presence of the
TT genotype is accompanied by a high probability of developing an ID-GDM compared to
the CC and CT genotypes.

Nevertheless, the analysis of maternal and fetal complications according to the geno-
type showed no significant association. However, women with the risk allele were more
likely to develop insulin-dependent diabetes than other genotypes (p = 0.015).

Some studies have observed that under a hypocaloric diet, there is a lower expression
of the TCF7L2 gene in adipose tissue in normoglycemic homozygous carriers of the T
allele. On the other hand, Potasso et al. reported that the presence of the T allele of the
rs7903146 (C/T) polymorphism is associated with inadequate insulin secretion, making
insulin treatment necessary in patients with GDM in pregnancy [9]. Decreased insulin
secretion in patients with the TT mutant genotype was also noted by Lyssenko et al [23].

A recent study points out that TCF7L2 rs7903146 polymorphism leads to altered
glucose and lipid metabolism among patients with GDM. Also, those with risk allele T
presented significantly higher 1 h blood glucose levels in OGTT compared to the non-risk
genotypes. They concluded that insulin therapy must be taken into consideration when
hyperglycemia cannot be properly controlled [24].

In recent years, research has revealed a correlation between the TCF7L2 rs7903146
polymorphism and compliance with a Mediterranean diet, impacting the onset of GDM
through a gene-lifestyle interaction. Nutritional intervention alters the risk of GDM
development exclusively among carriers of the T-risk allele and only in those women with
moderate to high compliance, who experienced a lower GDM risk compared to those with
low compliance [10].

In contrast, another study indicates a link between a different SNP (MTNR1B rs10830963)
and a heightened propensity for insulin therapy among a cohort of patients diagnosed with
GDM [25]. The research trends regarding the MTNR1B polymorphism have been shown to
modify the outcome of a lifestyle intervention aiming to prevent GDM in pregnant women.

The research trends suggest that the MTNR1B polymorphism alters the efficacy of
lifestyle interventions designed to prevent GDM in pregnant women. Although the genetic
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risk in women with GDM is known to intervene in the effectiveness of diet and lifestyle,
the therapeutic approach is less well-established [26].

The findings of our study strengthen the evidence that the presence of the TT genotype
is accompanied by a higher probability of developing ID-GDM than other genotypes
(OR 5.67; 95% CI [1.61-19.97], p = 0.005). Furthermore, the presence of the minor T allele in
both heterozygote and homozygote types was associated with an increased risk of fetal
macrosomia.

Our results showed that the fetuses born from diabetic mothers had a higher birth
weight than those from the control group (p = 0.015) and fetal macrosomia was more
frequent in the diabetic mothers’ group (p = 0.005). Homozygote-type TT was associated
with a higher risk of fetal macrosomia (p = 0.034).

The results of our study agree with those published by Freathy et al., who concluded
that each maternal copy of the T allele at rs7903146 increased offspring birth weight. They
suggest that the most likely mechanism is reduced maternal insulin secretion, resulting in
maternal hyperglycemia and increased insulin-mediated fetal growth [27].

The latest review underscores the importance of genetic testing and understanding
the genetic profile of prospective mothers to anticipate potential unwanted complications.
Considering that preterm birth, pregnancy-induced hypertensive disorders and GDM are
on the rise, the future trend of prenatal care is shifting towards preventive medicine, placing
emphasis on disease prevention rather than treating an already established condition.
In this regard, genetics will occupy a central position in monitoring pregnancies and
implementing personalized treatment strategies in the future [28].

Advancements in molecular technologies have spurred heightened endeavors to pin-
point the genes linked to susceptibility to GDM and to devise molecular-based approaches
aimed at preventing and managing the condition [22].

To the best of our knowledge, this is the first study on this topic carried out on pregnant
patients in Romania.

The strength of our research is its applicability in daily practice, which improves
the selection of patients at risk of developing GDM who would be responsive to dietary
interventions according to their genetic characteristics and better identification of those at
risk of developing a more severe form of this disease.

However, there are several limitations to our study. Firstly, the size of the study groups
cannot provide a significant result. Studies with larger sample sizes should be performed
for a better understanding of the effects of rs7903146 (C/T) polymorphisms on GDM.

Although our results hold significance, it is crucial to acknowledge that the sample
size and regional specificity of the study could restrict the applicability of the findings.
Subsequent research with broader and more varied populations is warranted to validate
these conclusions.

Another potential weakness is the determination of only one polymorphism TCF7L2
rs7903146 in patients with GDM.

Future studies should investigate further genetic markers, such as the MTNR1B
polymorphism, and their interplay with lifestyle factors to achieve a more comprehensive
understanding of the risks associated with GDM.

Also, a limiting factor could be the missing data related to insulin regime therapy or
maternal serum insulin levels in carriers of the at-risk allele.

Further research on this topic, including bigger sample size, testing more polymor-
phisms of this gene, analyses between TCF7L2 rs7903146 and factors such as BMI, diet and
physical activity are needed to conclude the genetic pattern of pregnant Romanian women.

4. Materials and Methods
4.1. Study Design

Between January 2018 and July 2020, we conducted a prospective case—control study,
in Obstetrics-Gynecology Clinic I from Cluj-Napoca, a tertiary academic maternity center
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to which high-risk pregnancies and preterm neonates from central and western regions of
Romania are referred.

The study was conducted in accordance with the Declaration of Helsinki and ap-
proved by the Bioethics Commission of the “Iuliu Hatieganu” University of Medicine and
Pharmacy in Cluj-Napoca, Romania (No. 247/08.06.2017). The patients who participated
in this research signed informed consent. We ensured that we had all their clinical data
before starting the study.

Our study included 116 consecutive women patients, aged 18—40 years, between 24
and 28 weeks of gestation, who agreed to the study protocol (OGTT testing, follow-up
visits and delivery in our maternity).

Exclusion criteria were: TIDM (type 1 diabetes mellitus), T2DM (type 2 diabetes melli-
tus), acute or chronic infectious conditions, multiple pregnancies, stillbirth, chromosomal
abnormalities or congenital anomalies and history of preterm delivery or preeclampsia.

The oral glucose tolerance test (OGTT) was performed with 75 mg glucose intake (after
8 h of fasting). GDM was diagnosed according to International Association of the Diabetes
and Pregnancy Study Groups (IADPSG) criteria: when one of the three determined values
was altered: fasting blood glucose > 92 mg/dL (5.1 mmol/L), 1 h glycemia > 180 mg/dL
(10 mmol/L), 2 h glycemia > 153 mg/dL (8.5 mmol/L) [29].

According to the OGTT results, 61 patients were diagnosed with GDM. The other
55 patients were non-GDM, and we included them in the control group.

Two examinators assessed fetal well-being and intrauterine growth monthly through
clinic and ultrasound examinations. The diabetologist managed women diagnosed with
GDM according to the necessity of insulin therapy.

Structured questionnaires and hospital medical records provided the information
regarding maternal age, body mass index (BMI) at study admission, weight gain during
pregnancy, smoking habits, obstetrical and medical history during pregnancy and birth
information (gestational age at delivery, route of delivery, labor induction, shoulder dysto-
cia, soft tissue lacerations, premature rupture of membranes, preterm labor, birth weight,
APGAR score at 5 min, perinatal morbidity and mortality).

Macrosomia was considered the fetal growth beyond an absolute birth weight of
4000 g or above the 90th percentile. Intrauterine growth restriction (IUGR) was defined as
low birth weight below the 10th percentile, regardless of gestational age [30].

4.2. Blood Collection and Biochemical Assays

Maternal blood samples were collected between 24 and 28 weeks of gestation according
to standardized procedures for performing OGTT. Venous blood samples were collected
from peripheral vessels into commercially available EDTA Vacutainer tubes to determine
the genotypes for 1s7903146 (C/T) in the TCF7L2 gene. Blood samples were stored at
—20 °C until analysis.

4.3. rs7903146 (C/T) Polymorphism Genotyping

The identification of the C/T polymorphism located in intron 3 of the TCF7L2 gene
(rs7903146) was performed by amplifying the genomic DNA using polymerase chain
reaction (PCR) method, followed by the digestion of the amplified fragments with specific
restriction endonucleases (Restriction Fragment Length Polymorphism (RFLP) technique).

For the isolation of genomic DNA from peripheral leukocytes, a ZymoResearch iso-
lation kit (Quick-DNAMinipRep, Kit-Zymo Research Corporation, Freiburg, Germany)
was used.

The PCR amplification of the fragment of interest, which contains the polymorphism
rs7903146 (C/T), was achieved according to the method described by Kilié-Pstrusiriska et al.
(2014) and optimized in the Biochemistry laboratory of UMF Cluj-Napoca in a total volume
of 25 pL. It had the following amplification components: 20 ng genomic DNA, 200 pM
deoxynucleoside triphosphates (ANTPs), 0.2 uM primers sense and antisense, 2.0 mM
MgCly, 2U Taq polymerase in buffer 50 mM KCl, 10 mM Tris-HCl [pH 8.4]. The primers used



Int. J. Mol. Sci. 2024, 25, 4039

8 of 10

had the following sequences: primer sens 5-GAG AGC TAA GCA CTT TTT AGG TA-3’
and primer antisense 5-CTG ACA TTG ACT AAG TTA CTT GC-3' (Jena Bioscience GmbH
Loebstedter Strasse 80 D-07749, Jena, Germany) [31].

The amplification was performed in an iCycler (Bio-Rad Life Science, Hercules, CA,
USA) according to the following program: initial denaturation at 94 °C for 5 min, followed
by 34 amplification cycles that comprised denaturation at 94 °C for 0.6 s, hybridization of
primers at 62 °C for 0.3 s and final elongation at 72 °C for 5 min. The amplified fragment
has 113 bp. The amplified product obtained by PCR was digested with 5U Rsal restriction
endonuclease (Jena Bioscience GmbH Loebstedter Strasse 80 D-07749, Jena, Germany) in
10 puL mixture for 3 h at 37 °C. rs7903146 (C/T) polymorphism destroyed a restriction site
for the Rsal enzyme. The C allele gave after enzymatic digestion two fragments of 91 and
22 bp, while the T allele gave an undigested fragment of 113 bp.

To visualize the fragments obtained by amplification and enzymatic digestion, we
performed electrophoresis in 3% agarose gel stained with 10 mg/mL ethidium bromide
and visualization in UV light (Figure 1).

1 2 3 4 5 6 7 8 9 10

Figure 1. Agarose gel electrophoresis for identification of rs7903146 polymorphism. Lane 1—pBR-
Haelll Digest DNA molecular marker; Lane 2—homozygous TT genotype: fragment of 113bp; Lanes
3, 6,8, 10—heterozygous CT genotype: fragments of 113 and 91 bp; Lanes 4, 5, 7, 9—homozygous CC
genotype: fragment of 91 pb.

4.4. Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics version 26.0 software
and Microsoft Excel version 16.51. The continuous variables were characterized in terms
of mean =+ standard deviation. The qualitative data were described by frequency and
percentage. The Pearson correlation coefficient was used to verify correlations between
quantitative variables in the same group. The analysis of variance helped determine
whether there were any differences between the means in the two groups. When needed,
the association between different variables and the two groups studied was evaluated by
the chi-square test, followed by post hoc tests. The odds ratios were also calculated to
measure the association between the group variables. The Hardy—Weinberg principle was
performed to determine whether the genotype and allele frequencies are in equilibrium
within the population. The significance level was considered lower than 0.05, with new
Bonferroni-adjusted levels when post hoc tests were conducted.

5. Conclusions

This study demonstrates that the presence of the TT genotype (rs7903146) represents
an increased risk of developing GDM. The presence of this genotype is accompanied by a
higher probability of developing insulin-dependent gestational diabetes compared to CC
and CT genotypes. In this cohort of pregnant women, the presence of at least one minor T
allele was associated with a higher risk of fetal macrosomia.

Author Contributions: G.C. and A.R.F. were the main coordinators of the project and were responsible
for the conceptualization, writing the original draft, review and editing. M.-5.C.-S. and A.S. led the



Int. J. Mol. Sci. 2024, 25, 4039 90f 10

formal analysis and software and contributed to the review and editing of the present paper. G.V.C.
was involved in the writing of the original draft and the formal analysis. L.M.P. led the investigation
and methodology and was responsible for the review and editing of the paper. F.S. and D.M. were
the main supervisors and contributed to manuscript revision and corrections. All authors have read
and agreed to the published version of the manuscript.

Funding: This study was funded by the “Iuliu Hatieganu” University of Medicine and Pharmacy of
Cluj-Napoca, Romania, for Doctoral Research Projects (no. 1300/48/13.01.2017).

Institutional Review Board Statement: The study was approved by the Bioethics Commission of the
‘Tuliu Hatieganu’ University of Medicine and Pharmacy in Cluj-Napoca, Romania (Nr. 247/08.06.2017).
Patients who participated in this research had complete clinical data. Signed informed consents were
obtained from the patients or the guardians.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets analyzed during the current study are not publicly avail-
able being part of the ECCN Cluj-Napoca, Romania archives but are available from the corresponding
author on reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

Metzger, B.E.; Gabbe, S.G.; Persson, B.; Lowe, L.P; Dyer, A.R.; Oats, J.; Buchanan, T.A. International association of diabetes and
pregnancy study groups recommendations on the diagnosis and classification of hyperglycemia in pregnancy. Diabetes Care 2010,
33, 676—682. [CrossRef]

Feig, D.S.; Hwee, |.; Shah, B.R.; Booth, G.L.; Bierman, A.S.; Lipscombe, L.L. Trends in incidence of diabetes in pregnancy and
serious perinatal outcomes: A large, population-based study in Ontario, Canada, 1996-2010. Diabetes Care 2014, 37, 1590-1596.
[CrossRef]

Metzger, B.E.; Lowe, L.P; Dyer, A.R.; Trimble, E.R.; Chaovarindr, U.; Coustan, D.R.; HAPO Study Cooperative Research Group.
Hyperglycemia and adverse pregnancy outcomes. N. Engl. . Med. 2008, 358, 1991-2002.

Pagan, A.; Sabater-Molina, M.; Olza, J.; Prieto-Sanchez, M.T.; Blanco-Carnero, J.E.; Parrilla, J.J.; Gil, A Larqué, E. A gene variant
in the transcription factor 7-like 2 (TCF7L2) is associated with an increased risk of gestational diabetes mellitus. Eur. J. Obstet.
Guynecol. Reprod. Biol. 2014, 180, 77-82. [CrossRef]

Prokopenko, I.; McCarthy, M.L; Lindgren, C.M. Type 2 diabetes: New genes, new understanding. Trends Genet. TIG 2008, 24,
613-621. [CrossRef]

Grant, S.F.A.; Thorleifsson, G.; Reynisdottir, I.; Benediktsson, R.; Manolescu, A.; Sainz, J.; Helgason, A.; Stefansson, H.; Emilsson,
V.; Helgadottir, A.; et al. Variant of transcription factor 7-like 2 (TCF7L2) gene confers risk of type 2 diabetes. Nat. Genet. 2006, 38,
320-323. [CrossRef] [PubMed]

Nauck, M.A.; Meier, J.J. Incretin hormones: Their role in health and disease. Diabetes Obes. Metab. 2018, 20 (Suppl. 1), 5-21.
[CrossRef] [PubMed]

Villareal, D.T.; Robertson, H.; Bell, G.I.; Patterson, B.W.; Tran, H.; Wice, B.; Polonsky, K.S. TCF7L2 variant rs7903146 affects the
risk of type 2 diabetes by modulating incretin action. Diabetes 2010, 59, 479-485. [CrossRef] [PubMed]

Potasso, L.; Perakakis, N.; Lamprinou, A.; Polyzou, E.; Kassanos, D.; Peter, A.; Péth, G.; Seufert, J.; Laubner, K. Clinical Impact of
the TCF7L2 Gene 157903146 Type 2 Diabetes Mellitus Risk Polymorphism in Women with Gestational Diabetes Mellitus: Impaired
Glycemic Control and Increased Need of Insulin Therapy. Exp. Clin. Endocrinol. Diabetes 2020, 128, 663—-666. [CrossRef]
Barabash, A.; Valerio, J.D.; de la Torre, N.G.; Jimenez, I.; Del Valle, L.; Melero, V.; Assaf-Balut, C.; Fuentes, M.; Bordiu, E.; Duran,
A.; et al. TCF7L2 rs7903146 polymorphism modulates the association between adherence to a Mediterranean diet and the risk of
gestational diabetes mellitus. Metab. Open 2020, 8, 100069. [CrossRef]

Cauchi, S.; Meyre, D.; Choquet, H.; Deghmoun, S.; Durand, E.; Gaget, S.; Lecoeur, C.; Froguel, P.; Levy-Marchal, C. TCF7L2
rs7903146 variant does not associate with smallness for gestational age in the French population. BMC Med. Genet. 2007, 8, 37.
[CrossRef]

Wang, J.; Kuusisto, J.; Vanttinen, M.; Kuulasmaa, T.; Lindstrom, J.; Tuomilehto, J.; Uusitupa, M.; Laakso, M. Variants of
transcription factor 7-like 2 (TCF7L2) gene predict conversion to type 2 diabetes in the Finnish Diabetes Prevention Study and are
associated with impaired glucose regulation and impaired insulin secretion. Diabetologia 2007, 50, 1192-1200. [CrossRef]

Ding, W.; Xu, L.; Zhang, L.; Han, Z,; Jiang, Q.; Wang, Z.; Jin, S. Meta-analysis of association between TCF7L2 polymorphism
rs7903146 and type 2 diabetes mellitus. BMC Med. Genet. 2018, 19, 38. [CrossRef] [PubMed]

Karasek, D.; Krystynik, O.; Goldmannova, D.; Cibickova, L.; Schovanek, J. Circulating levels of selected adipokines in women
with gestational diabetes and type 2 diabetes. J. Appl. Biomed. 2020, 18, 54-60. [CrossRef]


https://doi.org/10.2337/dc10-0719
https://doi.org/10.2337/dc13-2717
https://doi.org/10.1016/j.ejogrb.2014.06.024
https://doi.org/10.1016/j.tig.2008.09.004
https://doi.org/10.1038/ng1732
https://www.ncbi.nlm.nih.gov/pubmed/16415884
https://doi.org/10.1111/dom.13129
https://www.ncbi.nlm.nih.gov/pubmed/29364588
https://doi.org/10.2337/db09-1169
https://www.ncbi.nlm.nih.gov/pubmed/19934000
https://doi.org/10.1055/a-1008-9223
https://doi.org/10.1016/j.metop.2020.100069
https://doi.org/10.1186/1471-2350-8-37
https://doi.org/10.1007/s00125-007-0656-6
https://doi.org/10.1186/s12881-018-0553-5
https://www.ncbi.nlm.nih.gov/pubmed/29514658
https://doi.org/10.32725/jab.2020.007

Int. J. Mol. Sci. 2024, 25, 4039 10 of 10

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Klein, K.; Haslinger, P.; Bancher-Todesca, D.; Leipold, H.; Knofler, M.; Handisurya, A.; Kautzky-Willer, A.; Worda, C. Transcription
factor 7-like 2 gene polymorphisms and gestational diabetes mellitus. J. Matern.-Fetal Neonatal Med. 2012, 25, 1783-1786. [CrossRef]
[PubMed]

Lauenborg, J.; Grarup, N.; Damm, P; Borch-Johnsen, K.; Jorgensen, T.; Pedersen, O.; Hansen, T. Common type 2 diabetes risk
gene variants associate with gestational diabetes. J. Clin. Endocrinol. Metab. 2009, 94, 145-150. [CrossRef] [PubMed]

Shaat, N.; Lernmark, A.; Karlsson, E.; Ivarsson, S.; Parikh, H.; Berntorp, K.; Groop, L. A variant in the transcription factor 7-like 2
(TCF712) gene is associated with an increased risk of gestational diabetes mellitus. Diabetologia 2007, 50, 972-979. [CrossRef]
Huopio, H.; Cederberg, H.; Vangipurapu, J.; Hakkarainen, H.; Padkkonen, M.; Kuulasmaa, T.; Heinonen, S.; Laakso, M.
Association of risk variants for type 2 diabetes and hyperglycemia with gestational diabetes. Eur. ]. Endocrinol. 2013, 169, 291-297.
[CrossRef] [PubMed]

Ye, D.; Fei, Y.; Ling, Q.; Xu, W.; Zhang, Z.; Shu, |.; Li, C.; Dong, F. Polymorphisms in TCF7L2 gene are associated with gestational
diabetes mellitus in Chinese Han population. Sci. Rep. 2016, 6, 30686. [CrossRef]

Lin, P.C.; Lin, W.T.; Yeh, Y.H.; Wung, S.F. Transcription Factor 7-Like 2 (TCF7L2) rs7903146 Polymorphism as a Risk Factor for
Gestational Diabetes Mellitus: A Meta-Analysis. PLoS ONE 2016, 11, e0153044. [CrossRef]

Basu, J.; Mukherjee, R.; Sahu, P; Datta, C.; Chowdhury, S.; Mandal, D.; Ghosh, A. Association of common variants of TCF7L2 and
PCSK2 with gestational diabetes mellitus in West Bengal, India. Nucleosides Nucleotides Nucleic Acids 2024, 43, 185-202. [CrossRef]
[PubMed]

He, J.; Zhang, M.; Ren, J.; Jiang, X. Correlation between TCF7L2 and CAPN10 gene polymorphisms and gestational diabetes
mellitus in different geographical regions: A meta-analysis. BMC Pregnancy Childbirth 2024, 24, 15. [CrossRef] [PubMed]
Lyssenko, V.; Lupi, R.; Marchetti, P.; Del Guerra, S.; Orho-Melander, M.; Almgren, P.; Sjogren, M.; Ling, C.; Eriksson, K.-F;
Lethagen, A.-L.; et al. Mechanisms by which common variants in the TCF7L2 gene increase risk of type 2 diabetes. J. Clin. Investig.
2007, 117, 2155-2163. [CrossRef] [PubMed]

Fang, C.; Wu, S.; Zhang, J.; Tian, Q.; Zhang, Z.; Wu, L. Impaired glucolipid metabolism in gestational diabetes mellitus with T
variation of TCF7L2 rs7903146: A case—control study. Int. J. Diabetes Dev. Ctries. 2023, 44, 182-189. [CrossRef]

Firneisz, G.; Rosta, K.; Al-Aissa, Z.; Hadarits, O.; Harreiter, J.; Nadasdi, A.; Bancher-Todesca, D.; Németh, L.; Igaz, P; Rigo, J., Jr.;
et al. The MTNR1B rs10830963 Variant in Interaction with Pre-Pregnancy BMI Is a Pharmacogenetic Marker for the Initiation of
Antenatal Insulin Therapy in Gestational Diabetes Mellitus. Int. J. Mol. Sci. 2018, 19, 3734. [CrossRef] [PubMed]

Jaaskeldinen, T.; Klemetti, M.M. Genetic Risk Factors and Gene-Lifestyle Interactions in Gestational Diabetes. Nutrients 2022, 14,
4799. [CrossRef] [PubMed]

Freathy, RM.; Weedon, M.N.; Bennett, A.; Hypponen, E.; Relton, C.L.; Knight, B.; Shields, B.; Parnell, K.S.; Groves, C.J.; Ring,
S.M.; et al. Type 2 diabetes TCF7L2 risk genotypes alter birth weight: A study of 24,053 individuals. Am. J. Hum. Genet. 2007, 80,
1150-1161. [CrossRef] [PubMed]

Hughes, Z.H.; Hughes, L.M.; Khan, S.S. Genetic contributions to risk of adverse pregnancy outcomes. Curr. Cardiovasc. Risk Rep.
2023, 17, 185-193. [CrossRef] [PubMed]

Shang, M,; Lin, L. IADPSG criteria for diagnosing gestational diabetes mellitus and predicting adverse pregnancy outcomes. J.
Perinatol. 2014, 34, 100-104. [CrossRef] [PubMed]

Woodward, PJ.; Kennedy, A.; Sohaey, R.; Byrne, J.L.B.; Oh, K.Y.; Puchalski, M.D. Diagnostic Imaging: Obstetrics, 3rd ed.; Elsevier:
Amsterdam, The Netherlands, 2016; pp. 1034-1038.

Kilis-Pstrusiniska, K.; Zwoliniska, D.; Szczepariska, M.; Grzeszczak, W.; Study Group. Is TCF7L2 variant associated with
non-diabetic chronic kidney disease progression? Results of a family-based study. Adv. Hyg. Exp. Med. 2014, 68, 343-349.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3109/14767058.2012.663831
https://www.ncbi.nlm.nih.gov/pubmed/22524208
https://doi.org/10.1210/jc.2008-1336
https://www.ncbi.nlm.nih.gov/pubmed/18984664
https://doi.org/10.1007/s00125-007-0623-2
https://doi.org/10.1530/EJE-13-0286
https://www.ncbi.nlm.nih.gov/pubmed/23761423
https://doi.org/10.1038/srep30686
https://doi.org/10.1371/journal.pone.0153044
https://doi.org/10.1080/15257770.2023.2248201
https://www.ncbi.nlm.nih.gov/pubmed/37610142
https://doi.org/10.1186/s12884-023-06177-1
https://www.ncbi.nlm.nih.gov/pubmed/38166877
https://doi.org/10.1172/JCI30706
https://www.ncbi.nlm.nih.gov/pubmed/17671651
https://doi.org/10.1007/s13410-023-01209-0
https://doi.org/10.3390/ijms19123734
https://www.ncbi.nlm.nih.gov/pubmed/30477160
https://doi.org/10.3390/nu14224799
https://www.ncbi.nlm.nih.gov/pubmed/36432486
https://doi.org/10.1086/518517
https://www.ncbi.nlm.nih.gov/pubmed/17503332
https://doi.org/10.1007/s12170-023-00729-y
https://www.ncbi.nlm.nih.gov/pubmed/38186860
https://doi.org/10.1038/jp.2013.143
https://www.ncbi.nlm.nih.gov/pubmed/24232664
https://doi.org/10.5604/17322693.1095857

	Introduction 
	Results 
	Obstetrical Outcomes 
	Genetic Analysis 

	Discussion 
	Materials and Methods 
	Study Design 
	Blood Collection and Biochemical Assays 
	rs7903146 (C/T) Polymorphism Genotyping 
	Statistical Analysis 

	Conclusions 
	References

