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Abstract: Gestational diabetes mellitus (GDM) is a metabolic disorder in pregnant women leading
to various complications. Consequently, factors predisposing its development are being sought.
Previous studies have shown that the pathogenesis of GDM is similar to that of type 2 diabetes,
and it is therefore thought that the two diseases may have a common genetic basis. The aim of this
study was to examine the associations between thyroid adenoma-associated (THADA) rs7578597 T>C,
succinate dehydrogenase complex assembly factor 4 (SDHAF4) rs1048886 A>G, and microtubule-actin
crosslinking factor 1 (MACF1) rs2296172 A>G gene polymorphisms and the risk of GDM development
as well as selected clinical parameters in women with GDM. We also examined the expression of these
genes in the placenta of women with and without GDM in association with clinical parameters. This
case-control study included 272 pregnant women with GDM and 348 pregnant women with normal
glucose tolerance. There were no statistically significant differences in the distribution of the THADA
rs7578597 T>C, SDHAF4 rs1048886 A>G, and MACF1 rs2296172 A>G gene polymorphisms between
pregnant control women and women with GDM. The associations between clinical parameters such
as body mass before pregnancy, body mass at birth, body mass increase during pregnancy, BMI
before pregnancy, BMI at birth, BMI increase during pregnancy, glycated hemoglobin (HbA1c), daily
insulin requirement, childbirth time, and newborn body mass and APGAR score, and the THADA
rs7578597 T>C, SDHAF4 rs1048886 A>G, and MACF1 rs2296172 A>G genotypes were statistically
non-significant. We only observed lower values of body mass before pregnancy and body mass
at birth in women with the SDHAF4 rs1048886 AG genotype in comparison with AA genotype
carriers. There was no statistically significant difference in the expression of THADA, SDHAF4, and
MACF1 genes in the placenta between women with GDM and healthy women. There were also
no statistically significant correlations between THADA, SDHAF4, and MACF1 gene expression in
the placenta and clinical parameters. The results of our study suggest that THADA rs7578597 T>C,
SDHAF4 rs1048886 A>G, and MACF1 rs2296172 A>G gene polymorphisms are not significant factors
associated with GDM onset. In addition, SDHAF4 rs1048886 A>G may be associated with body mass
before pregnancy and body mass at birth in pregnant women.

Keywords: gestational diabetes; polymorphism; placenta

1. Introduction

Gestational diabetes mellitus (GDM, gestational diabetes mellitus) is a disorder of
carbohydrate tolerance occurring in pregnant women [1]. GDM is characterized by pan-
creatic β-cell dysfunction caused by a number of factors. The pathogenesis of GDM is
complex and includes risk factors such as age, obesity, and a family history of diabetes.
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Many different factors lead to the dysfunction of the pancreatic β-cells, resulting in in-
adequate postprandial insulin secretion [2]. A second reason for impaired carbohydrate
metabolism is tissue insulin resistance. One of the causes of impaired pancreatic β-cell
function and insulin resistance is the chronic inflammation observed in pregnant women.
Increased expression of inflammatory mediators is also found in the placentas of women
with GDM [3,4]. Previous studies have shown that the pathogenesis of GDM is similar to
that of type 2 diabetes, and it is therefore thought that the two diseases may have a common
genetic basis [5,6]. Recent studies have provided new evidence highlighting the role of
neoangiogenesis and inflammation in the pathophysiology of gestational diabetes [7,8].
Association studies have identified a number of genes related to pancreatic β-cell develop-
ment, function, survival, metabolism, and inflammation that influence the risk of T2DM
and GDM [9,10]. The role of type 2 diabetes-related genes in the pathogenesis of GDM is
currently under investigation [11–13].

The Thyroid Adenoma Associated (THADA) gene has been identified as one of the
genes associated with the risk of developing type 2 diabetes [14]. This gene is considered to
play an important role in the body’s adaptation to environmental conditions, especially cold
weather. Some studies have shown an effect of this gene on pancreatic β-cell function and
thus on carbohydrate metabolism [14]. To date, a number of studies have been published
indicating a link between this gene and type 2 diabetes [15,16].

Succinate dehydrogenase (SDH) has a pivotal position in cellular energy production,
linking the tricarboxylic cycle to the electron transport chain [17]. Through the regulation of
these processes, SDH influences mitochondrial functioning. Previous studies have shown
this enzyme plays an important role in modulating the production of reactive oxygen
species, aging, cardiovascular disease, and diabetes [18]. Microtubule actin crosslinking
factor 1 (MACF1), also known as actin crosslinking factor 7 (ACF7), belongs to the spec-
traplakin family [19]. Its expression has been found in many cells and tissues, including
skeletal muscle, the heart, pituitary gland, thyroid, salivary glands, mammary glands, liver,
kidney, and pancreas [19]. It is involved in the regulation of many cellular and metabolic
processes and influences embryonic development [19].

Since these genes affect carbohydrate and lipid metabolism and pancreatic function, as
well as may be associated with type 2 diabetes, we decided to investigate the association of
polymorphisms of these genes with GDM. It has been shown that polymorphisms of these
genes may also be associated with type 2 diabetes risk and parameters of carbohydrate
metabolism [15].

In this study, we examined the associations between THADA rs7578597 T>C, SDHAF4
rs1048886 A>G, and MACF1 rs2296172 A>G gene polymorphisms and the risk of GDM
development as well as selected clinical parameters in women with GDM. We also as-
sessed the expression of these genes in the placenta of women with and without GDM in
association with clinical parameters.

2. Materials and Methods

This case-control study included 272 pregnant women with GDM and 348 pregnant
women with normal glucose tolerance (NGT) treated in the Department of Obstetrics and
Gynecology, Pomeranian Medical University, Szczecin, Poland. GDM was diagnosed on the
basis of a 75 g oral glucose tolerance test (OGTT) at 24–28 weeks gestation, according to the
International Association of Diabetes and Pregnancy Study Groups (IADPSG) criteria [20].
Blood samples were taken at enrollment. GDM diagnosis criteria were when one of the
following plasma glucose values in the OGTT was met or exceeded: fasting plasma glucose
92 mg/dL (5.1 mmol/L), 1 h plasma glucose 180 mg/dL (10.0 mmol/L), or 2 h plasma
glucose 153 mg/dL (8.5 mmol/L). A total of 78% of pregnant women with GDM were
treated throughout the pregnancy with dietary control alone, while the remaining 22%
of them were treated with diet control and insulin until delivery. Insulin therapy was
implemented if morning glycemia was greater than 95 mg/dL (5.6 mmol/L) (for three
consecutive days despite an adequate diet or glycemia after one of the main meals was
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greater than 140 mg/dL (7.8 mmol/L). The dose of insulin was adjusted according to serum
glucose values by taking a starting dose of 0.7 IU/kg body weight/24 h. The dose was
adjusted daily according to blood glucose levels measured four times a day. In the women
included in the study, clinical parameters such as fasting glucose, daily insulin requirement,
body mass before pregnancy, body mass at birth, body mass increase during pregnancy,
BMI before pregnancy, BMI at birth, BMI increase during pregnancy, and newborn body
mass and APGAR score were analyzed. The criteria for patient exclusion from the study
were: diabetes type 1 and type 2, autoimmune and inflammatory diseases, neoplastic
diseases, chronic infections, acute or chronic complications such as diabetic ketoacidosis, or
other disorders affecting glucose metabolism. The study was approved by the local Ethics
Committee of Pomeranian Medical University, Szczecin, Poland (KB-0012/40/14), and
written informed consent was obtained from all subjects.

2.1. Methods

All samples were genotyped (in two technical repeats) using allelic discrimination as-
says (TaqMan® probes, Applied Biosystems, Waltham, MA, USA) on a 7500 Fast Real-Time
PCR Detection System (Applied Biosystems, Carlsbad, CA, USA). In order to discriminate
the polymorphisms, we employed TaqMan® Pre-Designed SNP Genotyping Assays, in-
cluding appropriate primers and fluorescently labeled (FAM and VIC) MGB™ probes to
detect the alleles.

2.2. Determination of THADA rs7578597 T>C, SDHAF4 rs1048886 A>G, and MACF1
rs2296172 A>G Gene Polymorphisms

Genomic DNA was extracted from peripheral blood samples (200 µL) using the
GeneMATRIX Quick Blood DNA Purification Kit (EURx, Gdansk, Poland) following the
manufacturer’s manual. Genotyping was performed in a final volume of 12 µL. To discrim-
inate THADA rs7578597 T>C, SDHAF4 rs1048886 A>G, and MACF1 rs2296172 A>G gene
polymorphisms, TaqMan® Pre-Designed SNP Genotyping Assays were used (assay IDs:
C__32653841_10, C___7494766_10, and C__15751994_10).

2.3. Determination of THADA, SDHAF4, and MACF1 Gene Expression in Placenta
2.3.1. RNA Isolation

For the purpose of this study, randomly selected placentas from 29 women with
GDM and 29 healthy women (control group) who had a vaginal delivery after 37 weeks
of gestation were obtained. All samples were collected at the Department of Obstetrics
and Gynecology, Pomeranian Medical University in Szczecin. The whole placenta was
placed in 0.9% NaCl and immediately transported to the Department of Physiology for
preservation in further studies just after the delivery. The placental samples were resected
from the maternal side of the cotyledons, approximately 100 mg tissue samples, for RNA
extraction. No visible connective tissue, vessels, or calcium deposits were detected in the
studied material. Total RNA was extracted from obtained cell homogenates using the
RNeasy Fibrous Tissue Mini Kit (Qiagen, Hilden, Germany) following the manufacturer’s
protocol. The concentration and purity of RNA samples were determined by measuring the
absorbance at 260nm using a Perkin Elmer Lambda Bio+ spectrophotometer (PerkinElmer
Waltham, MA, USA).

2.3.2. Real-Time Quantitative Reverse Transcription PCR (RQ-PCR)

mRNA isolated from each sample (0.4 µg) was reverse transcribed into cDNA (total
volume of 20 µL) using a cDNA synthesis kit (RevertAid RT Kit, Thermo Scientific, Waltham,
MA, USA) according to the manufacturer’s manual. The expression of THADA, SDHAF4,
and MACF1 genes as well as the reference gene was performed using real-time PCR on
an ABI PRISM® Fast 7500 Sequence Detection System (Applied Biosystems, Carlsbad, CA,
USA), as described previously [16]. mRNA normalization between different sample levels
was performed using β-2 microglobulin (BMG) as the reference gene. The reference gene
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was determined based on the available and up-to-date literature data [17–19]. Samples
were analyzed in two technical repeats. Mean cycle threshold (CT) values were used for
further analysis. Each reaction (total volume of 20 µL) contained 2 µL of diluted cDNA.
The 2−∆Ct method was used to calculate the values.

2.4. Statistical Analysis

The genotype distribution consistency was assessed using the exact test with Hardy–
Weinberg equilibrium (HWE). A chi-squared test was used to compare the genotype and
allele distributions between the analyzed groups. Quantitative variables were compared
across all genotype groups using the Mann–Whitney test. A multivariate logistic regres-
sion model was used to find independent predictors of GDM risk. p-values < 0.05 were
considered statistically significant.

3. Results

The distributions of the studied polymorphisms were in HWE (p > 0.05). The dis-
tribution of studied polymorphisms in the total group of pregnant women with normal
carbohydrate tolerance and women with GDM is shown in Table 1. As shown in Table 1,
there were no statistically significant differences in the distribution of the THADA rs7578597
T>C, SDHAF4 rs1048886 A>G, and MACF1 rs2296172 A>G gene polymorphisms between
pregnant control women and women with GDM.

Table 1. Distribution of THADA, SDHAF4, and MACF1 genotypes and alleles in women with GDM
and the control group [21–23].

Control Group GDM
p Value ˆ OR (95% CI) p Value ˆ

n % n %

THADA rs7578597
genotype

TT 289 83.05% 229 84.19%
0.89

CC+TC vs. TT 0.92 (0.60–1.41) 0.70
TC 57 16.38% 42 15.44% CC vs. TC+TT 0.64 (0.06–7.08) 0.71
CC 2 0.57% 1 0.37% CC vs. TT 0.63 (0.06–7.00) 0.71

TC vs. TT 0.93 (0.60–1.44) 0.74
CC vs. TC 0.68 (0.06–7.73) 0.75

Allele
T 635 91.24% 500 91.91%

C vs. T 0.92 (0.61–1.37) 0.67C 61 8.76% 44 8.09%
SDHAF4 rs1048886

genotype
AA 222 63.79% 169 62.13%

0.82
GG+AG vs. AA 1.07 (0.77–1.49) 0.67

AG 108 31.03% 86 31.62% GG vs. AG+AA 1.22 (0.62–2.42) 0.56
GG 18 5.17% 17 6.25% GG vs. AA 1.24 (0.62–2.48) 0.54

AG vs. AA 1.05 (0.74–1.48) 0.80
GG vs. AG 1.19 (0.58–2.44) 0.64

Allele
A 552 79.31% 424 77.94%

G vs. A 1.08 (0.83–1.43) 0.56G 144 20.69% 120 22.06%

MACF1 rs2296172
genotype

AA 217 62.25% 163 60.00%
0.85

GG+AG vs. AA 1.10 (0.79–1.52) 0.57
AG 114 32.85% 95 34.81% GG vs. AG+AA 1.06 (0.51–2.19) 0.87
GG 17 4.90% 14 5.19% GG vs. AA 1.10 (0.53–2.29) 0.80

AG vs. AA 1.10 (0.78–1.55) 0.59
GG vs. AG 1.00 (0.47–2.13) 1.00

Allele
A 548 78.74% 421 77.39%

G vs. A 1.08 (0.82–1.41) 0.59G 148 21.26% 123 22.61%

ˆ χ2 test HWE: control group p = 1.00, GDM group p = 1.00 for THADA rs7578597. HWE: control group
p = 0.34, GDM group p = 0.22 for SDHAF4 rs1048886. HWE: control group p = 0.75, GDM group p = 1.00
for MACF1 rs2296172.



Genes 2023, 14, 83 5 of 11

There were also no statistical differences in the distribution of studied polymor-
phisms between the group of GDM women treated with insulin and control women (data
not shown).

We also examined the associations between the THADA rs7578597 T>C, SDHAF4
rs1048886 A>G, and MACF1 rs2296172 A>G gene polymorphisms and clinical parame-
ters, such as body mass before pregnancy, body mass at birth, body mass increase during
pregnancy, BMI before pregnancy, BMI at birth, BMI increase during pregnancy, gly-
cated hemoglobin (HbA1c), daily insulin requirement, childbirth time, and newborn body
mass and APGAR score in women with GDM (Tables 2–4). The associations between the
above parameters and the THADA rs7578597 T>C, SDHAF4 rs1048886 A>G, and MACF1
rs2296172 A>G genotypes were statistically non-significant. We only observed lower val-
ues of body mass before pregnancy and body mass at birth in women with the SDHAF4
rs1048886 AG genotype in comparison with AA genotype carriers

Table 2. Clinical parameters of women with GDM stratified according to THADA rs7578597
genotype [21–23].

Parameters

THADA rs7578597 Genotype

TT TC+CC
TT
vs.

TC+CC

Mean ± SD p &

Body mass before pregnancy (kg) 73.2 ± 17.3 73.2 ± 14.2 0.82
Body mass at birth (kg) 84.7 ± 15.8 85.6 ± 14.0 0.62

Body mass increase during pregnancy (kg) 11.5 ± 7.2 12.5 ± 6.0 0.40
BMI before pregnancy (kg/m2) 26.6 ± 6.1 26.1 ± 5.0 0.74

BMI at birth (kg/m2) 30.9 ± 5.7 30.6 ± 4.5 0.88
BMI increase during pregnancy (kg/m2) 4.2 ± 2.7 4.4 ± 2.1 0.61

Fasting glucose (mg/dL) 92.8 ± 12.4 90.2 ± 7.2 0.14
Daily insulin requirement (unit) 17.7 ± 30.1 16.6 ± 24.5 0.87

Newborn body mass (g) 3262 ± 565 3360 ± 555 0.29
APGAR (0–10) 9.3 ± 1.0 9.1 ± 1.2 0.43

& U Mann–Whitney test.

Table 3. Clinical parameters of women with GDM stratified according to SDHAF4 rs1048886
genotype [21–23].

Parameters

SDHAF4 rs1048886 Genotype

AA AG GG
AA
vs.

AG

AA vs.
GG

AG
vs. GG

Mean ± SD p &

Body mass before
pregnancy (kg) 74.8 ± 17.4 69.7 ± 15.2 76.7 ± 17.9 0.03 0.73 0.16

Body mass at birth (kg) 86.5 ± 16.0 81.1 ± 14.1 89.0 ± 14.9 0.02 0.55 0.10
Body mass increase during

pregnancy (kg) 11.7 ± 7.3 11.3 ± 6.8 12.3 ± 6.2 0.85 0.69 0.55

BMI before
pregnancy (kg/m2) 26.9 ± 6.0 25.7 ± 5.7 27.9 ± 6.3 0.11 0.60 0.17

BMI at birth (kg/m2) 31.2 ± 5.5 29.9 ± 5.4 32.4 ± 5.4 0.07 0.38 0.07
BMI increase during
pregnancy (kg/m2) 4.2 ± 2.7 4.2 ± 2.4 4.5 ± 2.3 0.89 0.67 0.63

Fasting glucose (mg/dL) 91.4 ± 10.3 93.5 ± 14.1 96.0 ± 10.7 0.69 0.16 0.23
Daily insulin

requirement (unit) 19.1 ± 32.8 14.9 ± 19.8 15.8 ± 30.2 0.47 0.30 0.50

Newborn body mass (g) 3278 ± 575 3244 ± 536 3420 ± 575 0.52 0.11 0.09
APGAR (0–10) 9.2 ± 1.2 9.3 ± 0.9 9.6 ± 0.6 0.99 0.28 0.26

& U Mann–Whitney test.
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Table 4. Clinical parameters of women with GDM stratified according to MACF1 rs2296172
genotype [21–23].

Parameters

MACF1 rs2296172 Genotype

AA AG GG
AA
vs.

AG

AA vs.
GG

AG
vs. GG

Mean ± SD p &

Body mass before pregnancy
(kg) 73.0 ± 16.1 74.5 ± 18.5 70.4 ± 16.0 0.69 0.55 0.52

Body mass at birth (kg) 85.3 ± 15.5 85.0 ± 16.2 81.2 ± 13.0 0.96 0.36 0.38
Body mass increase during

pregnancy (kg) 12.3 ± 7.2 10.5 ± 6.8 10.8 ± 6.4 0.06 0.63 0.82

BMI before
pregnancy (kg/m2) 26.4 ± 5.7 27.1 ± 6.4 26.0 ± 5.2 0.45 0.95 0.67

BMI at birth (kg/m2) 30.9 ± 5.6 31.0 ± 5.7 30.0 ± 3.5 0.84 0.71 0.55
BMI increase during
pregnancy (kg/m2) 4.5 ± 2.6 3.9 ± 2.5 4.0 ± 2.4 0.08 0.76 0.70

Fasting glucose (mg/dL) 92.0 ± 11.4 92.8 ± 12.8 91.5 ± 6.1 0.65 0.99 0.80
Daily insulin

requirement (unit) 18.9 ± 33.2 16.3 ± 23.3 11.1 ± 10.8 0.54 0.78 0.93

Newborn body mass (g) 3298 ± 529 3251 ± 591 3212 ± 767 0.68 0.94 0.91
APGAR (0–10) 9.2 ± 1.1 9.3 ± 1.1 9.3 ± 1.1 0.83 0.69 0.77

& U Mann–Whitney test.

The next step of our study was to examine the expression of the THADA, SDHAF4,
and MACF1 genes in the placenta of women with and without GDM.

The expression of the THADA gene in women with and without GDM was 0.003 ± 0.003
and 0.0027 ± 0.0023, respectively. The differences between women with and without GDM
were statistically non-significant (p = 0.91). The expression of the SDHAF4 gene in women
with and without GDM was 0.023 ± 0.019 and 0.042 ± 0.061, respectively. These differences
were not statistically significant (p = 0.27). The expression of the MACF1 gene in women
with GDM and with normal glucose tolerance was 0.0022 ± 0.0095 and 0.00038 ± 0.00074,
respectively. No statistically significant differences were found (p = 0.56).

We also examined correlations between expression in the placenta of THADA, SDHAF4,
and MACF1 genes in women with GDM and clinical parameters. The correlations between
THADA, SDHAF4, and MACF1 gene expression in the placenta and clinical parameters
were statistically non-significant (Tables 5–7).

Table 5. Correlations between THADA expression in the placenta and clinical parameters in the GDM
group [21–23].

Parameters Correlated with Placental Expression
of THADA Rs p

Age (years) 0.33 0.10

Fasting glucose (mg/dL) 0.05 0.82

Daily insulin requirement (unit) 0.07 0.74

Body mass before pregnancy (kg) 0.16 0.41

Body mass at birth (kg) 0.25 0.21

Body mass increase during pregnancy (kg) 0.29 0.14

BMI before pregnancy (kg/m2) 0.13 0.52

BMI at birth (kg/m2) 0.16 0.42

BMI increase during pregnancy (kg/m2) 0.22 0.26

Newborn body mass (g) 0.04 0.85

APGAR (0–10) −0.12 0.56
Rs—Spearman rank correlation coefficient.
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Table 6. Correlations between SDHAF4 expression in the placenta and clinical parameters in the
GDM group [21–23].

Parameters Correlated with Placental
Expression of SDHAF4 Rs p

Age (years) 0.26 0.18

Fasting glucose (mg/dL) 0.16 0.42

Daily insulin requirement (unit) 0.02 0.91

Body mass before pregnancy (kg) 0.17 0.39

Body mass at birth (kg) 0.22 0.28

Body mass increase during pregnancy (kg) 0.11 0.59

BMI before pregnancy (kg/m2) 0.13 0.51

BMI at birth (kg/m2) 0.14 0.48

BMI increase during pregnancy (kg/m2) 0.06 0.75

Newborn body mass (g) −0.01 0.97

APGAR (0–10) 0.02 0.91
Rs—Spearman rank correlation coefficient.

Table 7. Correlations between MACF1 expression in the placenta and clinical parameters in the GDM
group [21–23].

Parameters Correlated with Placental
Expression of MACF1 Rs p

Age (years) −0.06 0.77

Fasting glucose (mg/dL) 0.09 0.66

Daily insulin requirement (unit) −0.22 0.27

Body mass before pregnancy (kg) 0.10 0.61

Body mass at birth (kg) 0.20 0.31

Body mass increase during pregnancy (kg) 0.18 0.38

BMI before pregnancy (kg/m2) −0.03 0.87

BMI at birth (kg/m2) 0.07 0.74

BMI increase during pregnancy (kg/m2) 0.11 0.59

Newborn body mass (g) 0.31 0.11

APGAR (0–10) 0.24 0.22
Rs—Spearman rank correlation coefficient.

Additionally, we compared the mRNA levels of studied genes between women with
corresponding genotypes (Table 8). As shown in Table 8 these differences were statistically
non-significant.

Table 8. The mRNA levels of studied genes in the placenta between women with corresponding genotypes.

THADA
rs7578597 Genotype

SDHAF4
rs1048886 Genotype

MACF1
rs2296172 Genotype

TT TC+CC
TT
vs.

TC+CC
AA AG+GG

AA
vs.

AG+GG
AA AG+GG

AA
vs.

AG+GG
Mean ± SD p & Mean ± SD p & Mean ± SD p &

Control
group 0.0023 ± 0.0023 0.0028 ± 0.0021 0.46 0.050 ± 0.071 0.022 ± 0.0096 0.85 0.00023 ± 0.00029 0.00066 ± 0.0012 0.73

GDM 0.0031 ± 0.0032 0.0038 ± 0.0029 0.59 0.022 ± 0.023 0.026±0.018 0.47 0.0037 ± 0.013 0.00079 ± 0.0023 0.13

p & U Mann–Whitney test.
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4. Discussion

In this study, we examined the associations between the THADA rs7578597 T>C,
SDHAF4 rs1048886 A>G, and MACF1 rs2296172 A>G gene polymorphisms and the risk
of GDM development as well as selected clinical parameters in women with GDM. We
also examined the expression of these genes in the placenta of women with and without
GDM, as well as the association between the expression of these genes in the placenta and
clinical parameters. We found no statistically significant differences in the distribution
of the studied polymorphisms between women with GDM and pregnant women with
normal glucose tolerance, suggesting that these gene polymorphisms are not significant
risk factors for an increased risk of GDM development in our population. Additionally,
there was not a statistically significant association between the studied polymorphisms
and clinical parameters, except for lower values of body mass before pregnancy and body
mass at birth in women with the SDHAF4 rs1048886 AG genotype in comparison with AA
genotype carriers. Moreover, we found no differences in THADA, SDHAF4, and MACF1
gene expression between GDM women and women with normal glucose tolerance. There
were no statistically significant correlations between the expression of these genes in the
placenta and clinical parameters.

GDM is a disorder that occurs during pregnancy, causing a wide variety of complica-
tions in both women and newborns [2]. Therefore, factors predisposing to this complication
are being sought. The factors associated with the risk of developing type 2 diabetes are
considered, as well as a number of factors affecting pancreatic β-cell function, including ge-
netic factors [5,6]. Identifying the factors that increase the risk of GDM can help in the early
diagnosis of this complication and the early implementation of appropriate prophylaxis.

Previous studies have suggested that the THADA gene may be associated with an
increased risk of developing type 2 diabetes [14,15]. However, studies to date have been
inconclusive. Results vary between populations. Studies have suggested that THADA may
be associated with metabolic syndrome and insulin resistance. Studies have suggested an
effect of the THADA gene on insulin secretion and insulin resistance, as well as an effect
on body mass index. To date, the association of THADA rs7578597 T>C with diabetes
type 2 risk has been assessed, but the results are inconsistent. In the Chinese population,
there was no association of THADA rs7578597 T>C with DT2 risk, but the polymorphism
was correlated with glycemic values during oral glucose tolerance [24]. Additionally,
in the European population, no association was found between THADA rs7578597 T>C
and diabetes [15,25,26], but an association between the THADA gene rs7578597 T>C
polymorphism with type 2 diabetes was observed in an Indian population [27]. In a
Mexican population, rs7578597 T>C and THADA were significantly associated with obesity,
glycemic, and lipid phenotypes in patients with type 2 diabetes [28].

To date, the THADA gene rs7578597 T>C polymorphism has not been widely studied
in pregnant women. Stuebe et al. found an association between the THADA gene rs7578597
T>C polymorphism and gestational weight gain [29]. The results of our study suggest that
THADA rs7578597 T>C as well as the expression of this gene in the placenta does not play
an important role in the pathogenesis of GDM.

Succinate dehydrogenase (SDH) plays an important role in mitochondrial respiratory
metabolism. The SDH complex consists of four basic subunits and a number of cofactors
that must be correctly assembled to ensure enzyme function [18]. The SDHAF4 gene en-
codes for assembly factors of the succinate dehydrogenase complex, but the understanding
of its role in physiological processes and disease is limited. It has been shown that SD-
HAF4 regulates mitochondrial succinate dehydrogenase activity and thus many metabolic
processes in the human organism [30].

Succinate dehydrogenase (SDH) is an enzyme that plays a key role in cellular energy
production, linking the tricarboxylic acid cycle to the electron transport chain [30]. There-
fore, it is involved in regulating a number of metabolic processes, including carbohydrate
metabolism. It has been shown that dysfunction of this enzyme in pancreatic β-cells leads
to impaired insulin secretion and diabetes [18]. Dysfunction of the mitochondria of β-cells
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plays a pivotal role in type 2 diabetes. Succinate dehydrogenase (SDH) is a key mito-
chondrial enzyme with an important function in the tricarboxylic acid cycle and electron
transport chain. SDH deficiency in β-cells has been shown to impair glucose-induced ox-
idative phosphorylation and disrupt mitochondrial membrane potential, thereby impairing
glucose-stimulated ATP production, insulin secretion, and β-cell growth [18]. It has been
shown that loss of SDH causes excessive succinate accumulation, resulting in increased
lipid synthesis [18]. The role of the SDHAF4 gene in metabolic processes, especially in
carbohydrate and lipid metabolism, is not known. Our results indicate that the SDHAF4
gene polymorphism is not a factor affecting the onset of GDM. We only showed an asso-
ciation between this polymorphism and body mass before pregnancy and body mass at
birth. Recent studies have indicated that SDHAF4 is involved in many metabolic processes
in the liver [31] and SDHAF4 has been shown to affect weight loss in mice. In addition,
the suppression of hepatic SDHAF4 was associated with systemic improvement of insulin
sensitivity, which may affect patients’ BMI values [32].

MACF1, also known as actin crosslinking family 7 (ACF7), is a spectraplakin present
in many tissues and organs involved in numerous cellular processes, playing a key role
in cell signaling. MACF1 plays a key role in regulating cell migration and proliferation
and maintaining tissue integrity [19]. It also plays a key function in embryogenesis and the
development of many tissues and organs.

It has been shown that the MACF1 gene is associated with metabolic syndrome and
inflammation [12]. Previous studies have indicated that metabolic syndrome and inflam-
mation are also factors that increase the risk of developing GDM [3]. In our study, there
was no significant association between the MACF1 gene rs2296172 A>G polymorphism
and GDM risk and clinical parameters in pregnant women.

Our results suggest no association between the studied gene polymorphisms and the
risk of GDM, as well as selected clinical parameters. GDM is a metabolic complication
occurring in pregnant women that is caused by many factors. The influence of both
environmental and genetic factors is considered in this disease. Underlying this disease are
both pancreatic islet β cell dysfunction and existing insulin resistance. These processes are
influenced by a number of pro-inflammatory factors, as well as disrupting carbohydrate
metabolism. The genes we studied mainly affect the processes of carbohydrate metabolism.
It seems that the effect of single polymorphisms on the risk of GDM is very small. Due to
the complexity of the pathogenesis of this disease, it must be taken into account, along with
other environmental factors that increase the risk of developing GDM. It is not excluded
that the gene polymorphisms we studied may affect the risk of GDM in other populations.
A complete understanding of the role of THADA rs7578597 T>C, SDHAF4 rs1048886 A>G,
and MACF1 rs2296172 A>G gene polymorphisms in the pathogenesis of GDM requires
multicenter studies in different populations.

5. Conclusions

The results of our study suggest that the THADA rs7578597 T>C, SDHAF4 rs1048886
A>G, and MACF1 rs2296172 A>G gene polymorphisms are not significant factors associated
with GDM onset. SDHAF4 rs1048886 A>G may be associated with body mass before
pregnancy and body mass at birth in pregnant women.
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