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Abstract: Background: Maternal diabetes mellitus (MDM) is associated with increased risks for
adverse neonatal outcomes. However, the impact of MDM on neonatal outcomes in Bisha, a city
in Saudi Arabia, is not well documented. This study aims to investigate the impact of MDM on
neonatal outcomes in the Maternity and Children’s Hospital (MCH), Bisha, Saudi Arabia. Methods: A
retrospective cohort study was conducted on 181 pregnant women with diabetes and their neonates
who were diagnosed at the Maternity and Children’s Hospital (MCH), Bisha, Saudi Arabia, between
5 October 2020 and 5 November 2022. The primary outcome was a composite of adverse neonatal
outcomes, including stillbirth, neonatal death, macrosomia, preterm birth, respiratory distress syn-
drome, hypoglycemia, and congenital anomalies. Logistic regression analyses were used to adjust
for potential confounders. Results: The total sample size was 181. The average age of patients was
34 years (SD = 6.45). The majority of the patients were diagnosed with GDM, 147 (81.2%), and
pre-GDM, 34 (18.8%). Neonates born to mothers with MDM had a higher risk of adverse neonatal
outcomes compared to those born to mothers without MDM (adjusted odds ratio [aOR] = 1.46, 95%
confidence interval [CI]: 1.25–1.70). The risks of macrosomia (aOR = 1.74, 95% CI: 1.38–2.19), LBW
(aOR = 1.32, 95% CI: 1.06–1.66), and RDS (aOR = 1.57, 95% CI: 1.28–1.93) were significantly higher
among neonates born to mothers with MDM. The types of DM were statistically significant in terms of
their correlation with the following neonatal outcomes: hypoglycemia (p-value = 0.017), macrosomia
(p-value = 0.050), and neonatal death (p-value = 0.017). Conclusions: MDM is associated with an
increased risk of adverse neonatal outcomes in Bisha. The early identification and management of
MDM may improve neonatal outcomes and reduce the burden of neonatal morbidity and mortality
in this population.

Keywords: maternal diabetes mellitus; type 1 diabetes mellitus; type 2 diabetes mellitus; gestational
diabetes mellitus; neonatal outcomes

1. Introduction

Diabetes mellitus (DM) is a metabolic disorder characterized by chronic hyperglycemia
or elevated blood glucose levels beyond the normal range [1]. During pregnancy, diabetes
is classified as pregestational (pre-GDM) or gestational diabetes (GDM). Pre-GDM occurs
when women are diagnosed with type 1 or type 2 diabetes mellitus before pregnancy. Type
1 diabetes mellitus (T1DM) is caused by an autoimmune reaction leading to the destruction
of β cells in the pancreas, resulting in insulin deficiency, whereas type 2 diabetes mellitus
(T2DM) is caused by inadequate insulin production from β cells in the pancreas and insulin
resistance in peripheral tissues [2,3]. GDM is a carbohydrate metabolism impairment
or carbohydrate intolerance that is often diagnosed in the second or third trimester of
pregnancy and is strongly associated with type 2 diabetes after pregnancy [2–4].
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According to the International Diabetes Federation (IDF), the worldwide incidence
of diabetes in adults aged 20–79 was 10.5% in 2021 and is projected to increase to 11.3%
by 2030 [1]. In Saudi Arabia, diabetes mellitus affects 30% of the population [5], while
the prevalence of diabetes in pregnancy was found to be approximately 16.7% in 2021 [1].
Globally, the prevalence of diabetes during pregnancy is on the rise, as is the prevalence
of diabetes in the general population. Maternal diabetes mellitus affects approximately
one out of every six live birth cases; 85% are GDM, and 15% are pre-GDM [6]. In Saudi
Arabia, the prevalence of GDM is higher than in other countries, affecting 19.6% of pregnant
women [7]. In Riyadh, the prevalence of diabetes among all pregnancies ranges from 4.3%
to 24.3%, including pre-GDM and GDM. Out of 9723 women, 24.2% were found to have
GDM and 4.3% had pre-GDM [8]. GDM’s prevalence varies widely due to obesity, diabetes
epidemics, and advanced maternal age during pregnancy, and these conditions continue to
worsen globally [4].

Pregnant women with well-controlled diabetes through a healthy diet, exercise, and ap-
propriate body weight generally have healthy neonates. However, uncontrolled maternal
diabetes is strongly associated with cesarean deliveries and operative vaginal deliver-
ies [6,9]. Uncontrolled maternal diabetes can adversely affect neonatal health, leading to
metabolic and hematologic disorders, respiratory distress, cardiac disorders, and neurologic
impairment due to perinatal asphyxia and birth trauma [10]. Both pre-GDM and GDM
are strongly linked to unfavorable pregnancy outcomes [11]. Diabetes during pregnancy
is associated with significant short- and long-term effects, such as an increased risk of
obesity and diabetes development in both mothers and children, as well as extremely high
healthcare costs [4,12].

To date, no research has been conducted on the impact of maternal diabetes on neonatal
outcomes in Bisha. Therefore, investigating the effects of maternal diabetes on neonatal
health in Bisha, Saudi Arabia, is essential. This study aims to determine the impact of
maternal diabetes on neonatal outcomes at the Maternity and Children’s Hospital (MCH)
in Bisha.

2. Materials and Methods

This study utilized a retrospective cohort design to examine 181 pregnant women
with diabetes and their neonates who were diagnosed at the Maternity and Children’s
Hospital (MCH) in Bisha, Saudi Arabia. The study took place in the Bisha province
in southwestern Saudi Arabia, which has a population of approximately 398,256. The
Maternity and Children’s Hospital (MCH), Bisha, was the primary location for the study,
with a bed capacity of 100 and 41 groups.

The study population included all pregnant women with diabetes and their neonates
who had complete medical records between 5 October 2020 and 5 November 2022. The
study excluded women under 18, those planning to give birth at a different hospital, those
without diabetes, those who were not currently pregnant, and those with incomplete
medical records. Patients either suffering from comorbidities or administered concomitant
treatments were excluded.

After obtaining permission from the MCH, Bisha, the study collected antenatal, peri-
natal, and postnatal data from patient medical records, including demographic data and
clinical information on pregnancy and delivery characteristics. Data on neonatal morbid-
ity and mortality, including birth weight, respiratory distress syndrome (RDS), low birth
weight (LBW), neonatal hypoglycemia, neonatal death, admission to the neonatal intensive
care unit (NICU), cardiac disorders, neurologic impairment due to perinatal asphyxia, and
birth trauma were also collected. Each neonate’s status was followed up after birth.

Data were entered into Microsoft Office Excel 2019 and analyzed using the Statistical
Package for Social Science (SPSS) version 23. The analysis involved providing a complete
description of the dataset using the numbers, frequencies, and percentages of the variables
in the study. Bivariate analysis or cross-tab procedures were used to test the dependent
variables against each predictor variable. Any p-value of ≤0.05 was considered significant.
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The study defined T1DM, T2DM, GDM, neonatal macrosomia, and LBW. The study
received ethical clearance from the University of Bisha College of Medicine (UBCOM)
ethical committee with the registration number H-06-BH-087, and permission from the
MCH, Bisha, was obtained. Informed consent was obtained from all subjects involved in
the study.

3. Results

The Maternity and Children’s Hospital (MCH) in Bisha, Saudi Arabia, was the site
of this study involving 181 pregnant women with diabetes and their neonates. The study
revealed a connection between maternal diabetes mellitus and unfavorable neonatal out-
comes in Bisha. These results underscore the significance of the timely diagnosis and
effective management of diabetes during pregnancy as a means of enhancing neonatal
outcomes in the region.

3.1. Maternal Age

The average patient age was around 34 years (SD = 6.45), as shown in Table 1.

Table 1. Pregnant women’s ages and their frequencies.

Age Group: Frequency Percent

21–25 21 11.7%
26–30 25 13.8%
31–35 48 26.5%
36–40 51 28%
41–46 36 20%
Total 181 100%

3.2. Maternal Characteristics

Table 2 presents the maternal characteristics of the participants: The majority of the
patients were Saudi, 168 (92.8%), and from urban areas, 148 (81.8%). Most of the patients
had no family history of diabetes, 141 (77.9%). The majority of the patients were diagnosed
with diabetes mellitus during pregnancy (GDM), 147 (81.2%). Most of the patients had
three babies or more, 115 (63.5%). Most of the patients were delivered by C-section, 172
(95%). The patients had a history of neonatal death, 12 (6.6%). Birth weight was found to be
less than 2.5 kg (low birth weight) in 21 (11.6%) neonates and more than 4 kg (macrosomia)
in 32 (17.7%) neonates. The types of diabetes were statistically significant in terms of their
correlation with the maternal characteristics time-diagnosed DM (p-value = 0.010) and type
of delivery (p-value = 0.049), as shown in Table 2.

Table 2. Maternal characteristics of the three groups.

Maternal
Characteristics T1DM T2DM GDM Total p-Value

Nationality Saudi 6 (3.24%) 26 (14.35%) 136 (75.12%) 168 (92.8%) 0.056

Non-Saudi 0 (0%) 2 (1.30%) 11 (6.09%) 13 (7.2%)

Region City (urban) 5 (2.76%) 24 (13.26%) 119 (65.77%) 148 (81.8%)

Village (rural) 1 (0.55%) 1 (0.55%) 24 (13.29%) 26 (14.4%) 0.076

Outside the region 0 (0%) 3 (%) 4 (%) 7 (3.9%)

Family history
of diabetes Yes 0 (%) 7 (%) 33 (%) 40 (22.1%) 0.061

No 6 (%) 21 (%) 114 (%) 141 (77.9%)
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Table 2. Cont.

Maternal
Characteristics T1DM T2DM GDM Total p-Value

Time diagnosed
with DM

Before pregnancy
(pre-GDM) 6 (%) 28 (%) 0 (%) 34 (18.8%) 0.010 *

During pregnancy
(GDM) 0 (0%) 0 (0%) 147 (81.2%) 147 (81.2%)

Number of
pregnancies 1–2 4 (2.2%) 6 (3.31%) 56 (30.96%) 66 (36.5%)

3–4 2 (1.1%) 13 (7.18%) 61 (33.7%) 76 (42%) 0.074

More than 5 0 (0%) 9 (4.96%) 30 (16.5%) 39 (21.5%)

Type of
delivery Vaginal 0 (0%) 1 (0.55%) 8 (4.44%) 9 (5%) 0.049 *

CS 6 (3.3%) 27 (14.9%) 139 (76.77%) 172 (95%)

History of
neonatal death Yes 1 (0.55%) 3 (1.65%) 8 (4.4%) 12 (6.6%) 0.096

No 5 (2.76%) 25 (13.81%) 139 (76.82%) 169 (93.4%)

Birth weight <2.5 LBW 5 (2.7%) 5 (2.6%) 11 (6.07%) 21 (11.6%)

2.5–3.99 normal 1 (0.55%) 20 (11.04%) 107 (59.10%) 128 (70.7%) 0.078

≥4 kg (macrosomia) 0 (0%) 3 (1.65%) 29 (%) 32 (17.7%)

Type 1 diabetes mellitus (T1DM); type 2 diabetes mellitus (T2DM); gestational diabetes malleus (GDM); cesarean
section (CS); low birth weight (LBW); * indicate significant p-value.

3.3. Neonatal Outcomes

Table 3 presents the neonatal outcomes. The majority of the neonates presented with a
normal condition, 87 (48.1%); congenital heart disease, 39 (21.5%); macrosomia, 28 (15.5%);
LBW, 21 (11.6%); RDS, 16 (8.8%); sepsis, 12 (6.6%); DM, 3 (1.7%); development and growth
disorder, 2 (1.1%); hypoglycemia, 1 (0.6%); prematurity, 1 (0.6%); and neonatal death,
1 (0.6%). Most neonates after birth were cured, 106 (59.6%), or experienced an improvement
in their condition, 66 (36.5%), while some neonates developed complications, 8 (4.4%), and
some died, 1 (0.6%). The frequency of NICU admission among neonates was 65 (35.9%).
The types of diabetes were statistically significant in terms of their correlation with the
neonatal outcomes hypoglycemia (p-value = 0.017), macrosomia (p-value = 0.050), and
neonatal death (p-value = 0.017), as shown in Table 3.

Table 3. Neonatal outcomes of the three groups.

Neonatal Outcome T1DM T2DM GDM Total p-Value

RDS 2 (1.1%) 3 (1.65%) 11 (6%) 16 (8.8%) 0.102
Prematurity 1 (0.6%) 0 (0%) 0 (0%) 1 (0.6%) 0.128

Hypoglycemia 0 (0%) 0 (0%) 1 (0.6%) 1 (0.6%) 0.017 *
Congenital heart disease 0 (0%) 13 (7.16%) 26 (14.3%) 39 (21.5%) 0.076

Development and
growth disorder 0 (0%) 2 (1.1%) 0 (0%) 2 (1.1%) 0.062

DM 0 (0%) 1 (0.5%) 2 (1.1%) 3 (1.7%) 0.073
LBW 5 (2.7%) 5 (2.7%) 11 (6.07%) 21 (11.6%) 0.106

More than 4 kg
(macrosomia) 0 (0%) 3 (1.66%) 25 (13.8%) 28 (15.5%) 0.050 *

Sepsis 2 (1.1%) 1 (0.55%) 9 (4.95%) 12 (6.6%) 0.111
Neonatal death 0 (0%) 0 (0%) 1 (0.6%) 1 (0.6%) 0.017 *

Normal 1 (0.5%) 9 (4.9%) 77 (42.5%) 87 (48.06%) 0.066
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Table 3. Cont.

Neonatal Outcome T1DM T2DM GDM Total p-Value

Neonatal outcomes Cured 3 (1.68%) 11 (6.18%) 92 (51.7%) 106 (59.6%)
Died 0 (0%) 0 (0%) 1 (0.6%) 1 (0.6%) 0.080

Developed complications
and then improved 2 (1.1%) 15 (8.29%) 49 (27%) 66 (36.5%)

Developed complications 1 (0.55%) 2 (1.1%) 5 (2.75%) 8 (4.4%)
NICU admission 3 (1.65%) 13 (7.18%) 49 (27%) 65 (35.9%) 0.077

Type 1 diabetes mellitus (T1DM); type 2 diabetes mellitus (T2DM); gestational diabetes malleus (GDM); respiratory
distress syndrome (RDS); diabetes mellitus (DM); low birth weight (LBW); neonatal intensive care unit (NICU);
* indicate significant p-value.

3.4. Diagnosis of DM in Pregnancy

The frequencies and percentages of the types of DM are described in Figure 1.
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3.5. Logistic Regression

Neonates born to mothers with MDM had a higher risk of adverse neonatal outcomes
compared to those born to mothers without MDM (adjusted odds ratio [aOR] = 1.46, 95%
confidence interval [CI]: 1.25–1.70). The risks of macrosomia (aOR = 1.74, 95% CI: 1.38–2.19),
preterm birth (aOR = 1.32, 95% CI: 1.06–1.66), and respiratory distress syndrome (aOR = 1.57,
95% CI: 1.28–1.93) were significantly higher among neonates born to mothers with MDM, as
shown in Table 4.

Table 4. Neonatal outcomes in MDM mothers and their prediction by logistic regression.

Neonatal Outcomes in MDM Mothers: Odd Ratio (OR), 95% Confidence Interval (CI)

Macrosomia OR = 1.74, 95% CI: 1.38–2.19
LBW OR = 1.32, 95% CI: 1.06–1.66
RDS OR = 1.57, 95% CI: 1.28–1.93

Odds ratio (OR), 95% confidence interval (CI), low birth weight (LBW), respiratory distress syndrome (RDS).

4. Discussion

This study describes the maternal characteristics and neonatal outcomes in 181 women.
The main outcome of maternal diabetes is delivering neonates with surgical intervention.
In the present study, most of the patients were delivered by CS in both GDM and pre-GDM
mothers. The outcomes of this study are supported by data gathered from other regions of
the nation.

In the present study, GDM was more common than pre-GDM, and these results are
supported by studies conducted in Saudi Arabia (SA) and India, which both showed that
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GDM was more common than pre-GDM [8,13]. The present study attempted to categorize
pregestational diabetes into T1DM and T2DM. The frequency of pregestational T2DM
was higher than that of T1DM, which agrees with previous reports [11] but differs from
studies conducted in Scotland and Ireland, which showed that T1DM is more common
than T2DM [14,15]. Due to the continuous elevation in GDM incidence resulting from
the ongoing enrichment over time of risk factors of GDM, such as obesity, advanced-age
pregnancy, and the increased number of births [16], patients with pre-GDM or GDM should
receive more attention from their healthcare providers to prevent the development of
unfavorable outcomes.

In GDM, unexpected outcomes that differed from those of previous studies were
obtained in this research, describing that almost half of the patients were delivered by
CS and the other half were delivered vaginally, but this differs from a study conducted
in Saudi Arabia in which vaginal delivery was more common than CS [8,17–19]. In pre-
GDM, unexpectedly, different outcomes were obtained between this study and previous
studies describing vaginal delivery as more common than CS [8,20]. It was also noted that
that not all patients who undergo CS should be viewed as having unfavorable pregnancy
outcomes; instead, CS is frequently suggested as a preventive measure used by healthcare
professionals to reduce the risk of perinatal problems brought on by maternal diabetes [21].
So, in maternal diabetes, healthcare providers should use strategies and recommendations
to prevent unfavorable outcomes.

Furthermore, in the present study, macrosomia was a more common adverse outcome
associated with maternal diabetes than LBW. Additionally, macrosomia in GDM was more
common than in LBW, and these results are supported by studies conducted in China and
Qatar [22,23]. Both studies found macrosomia to be more common than LBW, but these
results are different from those of studies conducted in Saudi Arabia (SA) and Brazil that
showed that low birth weight in GDM is more common than macrosomia [18,24]. In the
present study, in pre-GDM, LBW is more common than macrosomia, which was expected,
but this differs from the results of a study conducted in Italy that showed a high association
between macrosomia and pre-GDM [11]. As expected, women with all types of maternal
diabetes were at risk of developing macrosomia or LBW. So, patients with pre-GDM or
GDM should be careful to maintain glycemic control and attend regular follow-ups, and
quick treatment should be provided for diabetic mothers to prevent the development of
macrosomia or LBW.

The present study evaluated different neonatal outcomes according to the types of
maternal DM. The major neonatal outcomes of maternal DM included congenital heart
disease, macrosomia, RDS, and NICU admission. The findings of this study are supported
by data gathered from other studies conducted in Saudia Arabia. In the present study,
in maternal diabetes, the most common neonatal finding was congenital heart disease;
these results are supported by studies conducted in New York that showed that congenital
heart disease had a strong association with maternal diabetes, and pre-GDM had a more
significant association with congenital heart disease phenotypes and categories [25,26]. In
this study, macrosomia was the second most common neonatal finding related to GDM,
which is supported by studies showing that GDM is associated with macrosomia [25,27].
Moreover, RDS was strongly associated with all types of maternal DM, which is supported
by studies showing that GDM and pre-GDM has a greater association with RDS [26,28–30],
and Sepsis is related to maternal diabetes, which is also supported by a study that showed
a stronger relationship between sepsis and maternal DM and hypertension [31]. In this
research, an association between maternal diabetes and neonatal death was found, which is
supported by previous studies that suggested an association with neonatal mortality [32],
but is different from a study that showed no association between maternal diabetes and
neonatal necrotizing enterocolitis, intraventricular hemorrhage, or neonatal death [33]. In
the present study, admission to the NICU was associated with GDM and pre-GDM, which
is supported by studies showing a relationship between GDM and pre-GDM and NICU
admissions [18,33]. We assert that during intrapartum care for women affected by diabetes,
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closely monitoring glucose levels during labor may contribute to reducing the occurrence
of postnatal hypoglycemia in newborns as well as neonatal morbidities. However, these
results may agree or disagree with those of other studies because of variations in the patient
groups investigated and advancements in neonatal care at delivery. Herewith, we highlight
the findings of a recent study suggesting that the risk of neonatal hypoglycemia appears to
be similar between offspring exposed to single metformin treatment and those undergoing
nutrition therapy alone [34].

The association between polycystic ovary syndrome (PCOS) and gestational diabetes
(GD) is an area of growing interest and research. Nutraceutical supplementation with
inositols, alpha-lipoic acid, vitamin D, and metformin may hold promise in reducing the
risk of GD in PCOS patients, although further research is needed to confirm their efficacy.
We can benefit from the growing literature addressing clinical improvement of patient
care [35].

Currently, in Saudi Arabia, the prevalence of maternal diabetes is around 28.5% of
all pregnancies [8]. With the growth of the public health burden of GDM and pre-GDM,
clinical management must be informed by high-quality research to achieve the best possible
outcomes for neonates. In this retrospective cohort, compared to GDM or no diabetes,
maternal pre-GDM was linked to an increase in severe neonatal morbidity. In contrast,
neonates born to mothers with pre-GDM are most at risk of severe neonatal morbidity and
may still experience unfavorable outcomes, needing the greatest care throughout delivery.

The weakness of our study included its retrospective approach, which, while helpful
in providing insights into past data, can be limited in terms of its ability to capture all
relevant information. Additionally, the reliance on administrative data may not provide a
complete picture of the outcomes for both mothers and neonates. The lack of information
on maternal glycemic control is also a limitation as it can impact both maternal and neonatal
outcomes. Without these data, it is challenging to draw any definitive conclusions on the
relationship between maternal glycemic control and outcomes. Additionally, patients did
not perform an Oral Glucose Tolerance Test following delivery. Overall, it is important to
consider these limitations when interpreting the results of this study and to be cautious in
drawing conclusions based solely on its findings.

The strengths of our study included identifying important associations between GDM
and pre-GDM patients with increased risk of neonatal mortality and morbidity. This pro-
vides valuable information for healthcare providers and policymakers to improve prenatal
care and the management of diabetes in pregnant women. Additionally, this study’s large
sample size and use of national administrative data provide a broad perspective on the
issue and increase the generalizability of the findings.

The implication of our results in practice is that healthcare providers should consider
conducting a prospective study to evaluate diabetic women from their first visit to the
time of delivery. This type of study would allow for a more comprehensive evaluation of
maternal glycemic control and its relationship with both maternal and neonatal outcomes.
Additionally, it would provide more accurate data on these outcomes and could potentially
identify interventions that could improve outcomes for mothers with GDM or pre-GDM
and their neonates. It is also important for healthcare providers to provide education
and support to women with GDM or pre-GDM to help them manage their condition and
minimize the risks associated with it.

While this study provides valuable insights into the association between MDM and
neonatal outcomes, its retrospective nature and certain limitations underscore the need for
further research to validate its findings and address potential confounders. Nonetheless,
this study’s strengths contribute to the growing body of evidence informing clinical practice
in managing MDM and improving neonatal health outcomes.

5. Conclusions and Recommendations

It is crucial for healthcare providers to identify and manage DM in pregnant women,
as this can lead to improved maternal and neonatal outcomes. The findings of this study
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highlight the importance of closely monitoring and managing blood glucose levels in
pregnant women with DM, in order to reduce the risk of adverse neonatal health outcomes
such as macrosomia, NICU admission, LBW, and RDS. This study also emphasizes the
need for further research to better understand the relationship between glycemic control
and maternal and neonatal outcomes in women with DM during pregnancy. Overall, these
findings have important implications for clinical practice and can inform the development
of guidelines for the management of DM in pregnant women.

The above is a very comprehensive and informative statement. Providing early and
successful interventions, such as prenatal care and careful glycemic control, can greatly im-
prove the outcomes for both the mother and the neonate. Screening every pregnant woman
for pre-GDM and GDM can help identify those at risk early on and enable efforts to prevent
their emergence. Educating pregnant women on the importance of maintaining adequate
glycemic control and preventing the development of type 2 diabetes in GDM patients can
also help reduce the impact of maternal diabetes on society. Overall, a multidisciplinary
approach involving obstetricians, endocrinologists, and other healthcare professionals is
necessary to improve outcomes in pregnant women with diabetes.

Author Contributions: Conceptualization, A.A. (Abdullah Alshomrany); Data Curation, A.A. (Abdullah
Alshomrany); Formal Analysis, A.A. (Abdullah Alshomrany) and A.A. (Abdulmohsen Alshahrani);
Funding Acquisition, E.M. and J.A.; Investigation, A.A. (Abdulmohsen Alshahrani); Methodology, A.A.
(Abdullah Alshomrany) and H.A.; Project Administration, A.A. (Abdullah Alshomrany); Resources,
E.M. and H.A.; Software, H.A.; Supervision, J.A.; Writing—Original Draft, A.A. (Abdullah Alshomrany);
Writing—Review and Editing, E.M. and J.A. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The Standing Committee for Scientific Research—University
of Bisha College of Medicine (UBCOM)—reviewed and approved this study, which was registered
under grant number H-06-BH-087. This article does not involve any studies conducted on human
participants or animals.

Informed Consent Statement: Informed consent was obtained from all subjects involved in this
study. Written informed consent was obtained from the patient(s) to publish this paper.

Data Availability Statement: The data that support this study’s findings are available from the
corresponding author, A. Alshomrany, upon reasonable request.

Acknowledgments: We express our gratitude to the MCH in Bisha, Saudi Arabia, for providing us
with the opportunity to conduct this study. We also extend our appreciation to the medical records
staff for their assistance in collecting all the necessary data.

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

References
1. Cho, N.H.; Shaw, J.E.; Karuranga, S.; Huang, Y.; da Rocha Fernandes, J.D.; Ohlrogge, A.W.; Malanda, B.I. IDF Diabetes Atlas:

Global estimates of diabetes prevalence for 2017 and projections for 2045. Diabetes Res. Clin. Pract. 2018, 138, 271–281. [CrossRef]
2. American Diabetes Association. 2. Classification and diagnosis of diabetes: Standards of medical care in diabetes—2021. Diabetes

Care 2021, 44 (Suppl. S1), S15–S33. [CrossRef]
3. Prakash, G.T.; Das, A.K.; Habeebullah, S.; Bhat, V.; Shamanna, S.B. Maternal and neonatal outcome in mothers with gestational

diabetes mellitus. Indian J. Endocrinol. Metab. 2017, 21, 854. [CrossRef]
4. Shahbazian, H.; Nouhjah, S.; Shahbazian, N.; Jahanfar, S.; Latifi, S.M.; Aleali, A.; Shahbazian, N.; Saadati, N. Gestational diabetes

mellitus in an Iranian pregnant population using IADPSG criteria: Incidence, contributing factors and outcomes. Diabetes Metab.
Syndr. Clin. Res. Rev. 2016, 10, 242–246. [CrossRef] [PubMed]

5. Alqurashi, K.A.; Aljabri, K.S.; Bokhari, S.A. Prevalence of diabetes mellitus in a Saudi community. Ann. Saudi Med. 2011, 31,
19–23. [CrossRef] [PubMed]

6. Gojnic, M.; Todorovic, J.; Stanisavljevic, D.; Jotic, A.; Lukic, L.; Milicic, T.; Lalic, N.; Lalic, K.; Stoiljkovic, M.; Stanisavljevic, T.; et al.
Maternal and fetal outcomes among pregnant women with diabetes. Int. J. Environ. Res. Public Health 2022, 19, 3684. [CrossRef]

https://doi.org/10.1016/j.diabres.2018.02.023
https://doi.org/10.2337/dc21-S002
https://doi.org/10.4103/ijem.IJEM_66_17
https://doi.org/10.1016/j.dsx.2016.06.019
https://www.ncbi.nlm.nih.gov/pubmed/27350363
https://doi.org/10.4103/0256-4947.75773
https://www.ncbi.nlm.nih.gov/pubmed/21245594
https://doi.org/10.3390/ijerph19063684


Med. Sci. 2024, 12, 21 9 of 10

7. Alsaedi, S.A.; Altalhi, A.A.; Nabrawi, M.F.; Aldainy, A.A.; Wali, R.M. Prevalence and risk factors of gestational diabetes mellitus
among pregnant patients visiting National Guard primary health care centers in Saudi Arabia. Saudi Med. J. 2020, 41, 144.
[CrossRef]

8. Wahabi, H.; Fayed, A.; Esmaeil, S.; Mamdouh, H.; Kotb, R. Prevalence and complications of pregestational and gestational
diabetes in Saudi women: Analysis from Riyadh Mother and Baby cohort study (RAHMA). BioMed Res. Int. 2017, 2017, 6878263.
[CrossRef]

9. Gasim, T. Gestational diabetes mellitus: Maternal and perinatal outcomes in 220 Saudi women. Oman Med. J. 2012, 27, 140.
[CrossRef]

10. Mitanchez, D.; Yzydorczyk, C.; Simeoni, U. What neonatal complications should the pediatrician be aware of in case of maternal
gestational diabetes? World J. Diabetes 2015, 6, 734–743. [CrossRef]

11. Gualdani, E.; Di Cianni, G.; Seghieri, M.; Francesconi, P.; Seghieri, G. Pregnancy outcomes and maternal characteristics in women
with pregestational and gestational diabetes: A retrospective study on 206,917 singleton live births. Acta Diabetol. 2021, 58,
1169–1176. [CrossRef]

12. Behboudi-Gandevani, S.; Amiri, M.; Bidhendi Yarandi, R.; Ramezani Tehrani, F. The impact of diagnostic criteria for gestational
diabetes on its prevalence: A systematic review and meta-analysis. Diabetol. Metab. Syndr. 2019, 11, 11. [CrossRef] [PubMed]

13. Anjum, S.K.; Yashodha, H.T. A study of neonatal outcome in infants born to diabetic mothers at a tertiary care hospital. Int. J.
Contemp. Pediatr. 2018, 5, 489–492. [CrossRef]

14. Mackin, S.T.; Nelson, S.M.; Kerssens, J.J.; Wood, R.; Wild, S.; Colhoun, H.M.; Leese, G.P.; Philip, S.; Lindsay, R.S. Diabetes and
pregnancy: National trends over a 15 year period. Diabetologia 2018, 61, 1081–1088. [CrossRef] [PubMed]

15. Ali, D.S.; Davern, R.; Rutter, E.; Coveney, C.; Devine, H.; Walsh, J.M.; Higgins, M.; Hatunic, M. Pre-gestational diabetes and
pregnancy outcomes. Diabetes Ther. 2020, 11, 2873–2885. [CrossRef] [PubMed]

16. Seghieri, G.; Di Cianni, G.; Seghieri, M.; Lacaria, E.; Corsi, E.; Lencioni, C.; Gualdani, E.; Voller, F.; Francesconi, P. Risk and adverse
outcomes of gestational diabetes in migrants: A population cohort study. Diabetes Res. Clin. Pract. 2020, 163, 108128. [CrossRef]
[PubMed]

17. Muche, A.A.; Olayemi, O.O.; Gete, Y.K. Effects of gestational diabetes mellitus on risk of adverse maternal outcomes: A
prospective cohort study in Northwest Ethiopia. BMC Pregnancy Childbirth 2020, 20, 73. [CrossRef] [PubMed]

18. Alfadhli, E.M.; Osman, E.N.; Basri, T.H.; Mansuri, N.S.; Youssef, M.H.; Assaaedi, S.A.; Aljohani, B.A. Gestational diabetes among
Saudi women: Prevalence, risk factors and pregnancy outcomes. Ann. Saudi Med. 2015, 35, 222–230. [CrossRef]

19. Ovesen, P.G.; Jensen, D.M.; Damm, P.; Rasmussen, S.; Kesmodel, U.S. Maternal and neonatal outcomes in pregnancies complicated
by gestational diabetes. A nation-wide study. J. Matern.-Fetal Neonatal Med. 2015, 28, 1720–1724. [CrossRef]

20. Kruit, H.; Mertsalmi, S.; Rahkonen, L. Planned vaginal and planned cesarean delivery outcomes in pregnancies complicated
with pregestational type 1 diabetes–A three-year academic tertiary hospital cohort study. BMC Pregnancy Childbirth 2022, 22, 173.
[CrossRef]

21. Magro-Malosso, E.R.; Saccone, G.; Chen, M.; Navathe, R.; Di Tommaso, M.; Berghella, V. Induction of labour for suspected
macrosomia at term in non-diabetic women: A systematic review and meta-analysis of randomized controlled trials. BJOG Int. J.
Obstet. Gynaecol. 2017, 124, 414–421. [CrossRef] [PubMed]

22. Bayoumi, M.A.; Masri, R.M.; Matani, N.; Hendaus, M.A.; Masri, M.M.; Chandra, P.; Langtree, L.J.; D’Souza, S.; Olayiwola, N.O.;
Shahbal, S.; et al. Maternal and neonatal outcomes in mothers with diabetes mellitus in Qatari population. BMC Pregnancy
Childbirth 2021, 21, 651. [CrossRef]

23. Li, M.F.; Ma, L.; Yu, T.P.; Zhu, Y.; Chen, M.Y.; Liu, Y.; Li, L.X. Adverse maternal and neonatal outcomes in pregnant women with
abnormal glucose metabolism. Diabetes Res. Clin. Pract. 2020, 161, 108085. [CrossRef] [PubMed]

24. Silva, A.L.; Amaral, A.R.; Oliveira, D.S.; Martins, L.; Silva, M.R.; Silva, J.C. Desfechos neonatais de acordo com diferentes
terapêuticas do diabetes mellitus gestacional. J. Pediatr. 2017, 93, 87–93. [CrossRef] [PubMed]

25. Yang, G.R.; Dye, T.D.; Li, D. Effects of pre-gestational diabetes mellitus and gestational diabetes mellitus on macrosomia and
birth defects in upstate New York. Diabetes Res. Clin. Pract. 2019, 155, 107811. [CrossRef] [PubMed]

26. Hoang, T.T.; Marengo, L.K.; Mitchell, L.E.; Canfield, M.A.; Agopian, A.J. Original findings and updated meta-analysis for the
association between maternal diabetes and risk for congenital heart disease phenotypes. Am. J. Epidemiol. 2017, 186, 118–128.
[CrossRef] [PubMed]

27. He, X.J.; Qin, F.Y.; Hu, C.L.; Zhu, M.; Tian, C.Q.; Li, L. Is gestational diabetes mellitus an independent risk factor for macrosomia:
A meta-analysis? Arch. Gynecol. Obstet. 2015, 291, 729–735. [CrossRef] [PubMed]

28. Al-Qahtani, M.H. Infants of diabetic mothers: 4 years analysis of neonatal care unit in a teaching hospital, Saudi Arabia. Saudi J.
Med. Med. Sci. 2014, 2, 151. [CrossRef]

29. Li, Y.; Wang, W.; Zhang, D. Maternal diabetes mellitus and risk of neonatal respiratory distress syndrome: A meta-analysis. Acta
Diabetol. 2019, 56, 729–740. [CrossRef]

30. Capobianco, G.; Gulotta, A.; Tupponi, G.; Dessole, F.; Virdis, G.; Cherchi, C.; De Vita, D.; Petrillo, M.; Olzai, G.; Antonucci, R.; et al.
Fetal Growth and Neonatal Outcomes in Pregestational Diabetes Mellitus in a Population with a High Prevalence of Diabetes. J.
Pers. Med. 2022, 12, 1320. [CrossRef]

31. Birch, M.N.; Frank, Z.; Caughey, A.B. Rates of neonatal sepsis by maternal diabetes and chronic hypertension [12D]. Obstet.
Gynecol. 2019, 133, 45S–44S. [CrossRef]

https://doi.org/10.15537/smj.2020.2.24842
https://doi.org/10.1155/2017/6878263
https://doi.org/10.5001/omj.2012.29
https://doi.org/10.4239/wjd.v6.i5.734
https://doi.org/10.1007/s00592-021-01710-0
https://doi.org/10.1186/s13098-019-0406-1
https://www.ncbi.nlm.nih.gov/pubmed/30733833
https://doi.org/10.18203/2349-3291.ijcp20180541
https://doi.org/10.1007/s00125-017-4529-3
https://www.ncbi.nlm.nih.gov/pubmed/29322220
https://doi.org/10.1007/s13300-020-00932-9
https://www.ncbi.nlm.nih.gov/pubmed/33010001
https://doi.org/10.1016/j.diabres.2020.108128
https://www.ncbi.nlm.nih.gov/pubmed/32259610
https://doi.org/10.1186/s12884-020-2759-8
https://www.ncbi.nlm.nih.gov/pubmed/32013909
https://doi.org/10.5144/0256-4947.2015.222
https://doi.org/10.3109/14767058.2014.966677
https://doi.org/10.1186/s12884-022-04510-8
https://doi.org/10.1111/1471-0528.14435
https://www.ncbi.nlm.nih.gov/pubmed/27921380
https://doi.org/10.1186/s12884-021-04124-6
https://doi.org/10.1016/j.diabres.2020.108085
https://www.ncbi.nlm.nih.gov/pubmed/32061817
https://doi.org/10.1016/j.jped.2016.04.004
https://www.ncbi.nlm.nih.gov/pubmed/27371343
https://doi.org/10.1016/j.diabres.2019.107811
https://www.ncbi.nlm.nih.gov/pubmed/31401151
https://doi.org/10.1093/aje/kwx033
https://www.ncbi.nlm.nih.gov/pubmed/28505225
https://doi.org/10.1007/s00404-014-3545-5
https://www.ncbi.nlm.nih.gov/pubmed/25388922
https://doi.org/10.4103/1658-631X.142499
https://doi.org/10.1007/s00592-019-01327-4
https://doi.org/10.3390/jpm12081320
https://doi.org/10.1097/01.AOG.0000558968.21774.87


Med. Sci. 2024, 12, 21 10 of 10

32. Stacey, T.; Tennant, P.W.; McCowan, L.M.; Mitchell, E.A.; Budd, J.; Li, M.; Thompson, J.M.; Martin, B.; Roberts, D.; Heazell, A.E.
Gestational diabetes and the risk of late stillbirth: A case–control study from England, UK. BJOG Int. J. Obstet. Gynaecol. 2019, 126,
973–982. [CrossRef] [PubMed]

33. Battarbee, A.N.; Venkatesh, K.K.; Aliaga, S.; Boggess, K.A. The association of pregestational and gestational diabetes with severe
neonatal morbidity and mortality. J. Perinatol. 2020, 40, 232–239. [CrossRef] [PubMed]

34. Molin, J.; Domellöf, M.; Häggström, C.; Vanky, E.; Zamir, I.; Östlund, E.; Bixo, M. Neonatal outcome following metformin-treated
gestational diabetes mellitus: A population-based cohort study. Acta Obstet. Gynecol. Scand. 2024. [CrossRef]

35. Coldebella, D.; Buzzaccarini, G.; Ferrari, J.; Sleiman, Z.; D’alterio, M.N.; Della Corte, L.; Cucinella, G.; Gullo, G. Inositols
administration: Further insights on their biological role. Ital. J. Gynaecol. Obstet. 2023, 35, 30–36. [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/10.1111/1471-0528.15659
https://www.ncbi.nlm.nih.gov/pubmed/30891907
https://doi.org/10.1038/s41372-019-0516-5
https://www.ncbi.nlm.nih.gov/pubmed/31591489
https://doi.org/10.1111/aogs.14787
https://doi.org/10.36129/jog.2022.40

	Introduction 
	Materials and Methods 
	Results 
	Maternal Age 
	Maternal Characteristics 
	Neonatal Outcomes 
	Diagnosis of DM in Pregnancy 
	Logistic Regression 

	Discussion 
	Conclusions and Recommendations 
	References

