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Introduction

maternal and fetal outcomes, especially in tertiary health care facilities where high-risk
pregnancies are concentrated.

Objectives: To find out the prevalence of GDM and to compare maternal and
neonatal outcomes of women with and without GDM in a tertiary care obstetric unit.

Methods: A cross-sectional study was performed in 119 pregnant women in lraq
(44 women had been diagnosed with GDM according to the IADPSG criteria and 75
women were not diagnosed with GDM). Data included sociodemographic and obstetric
history, screening/diagnostic pathway, glycemic parameters, an expanded set of
maternal outcomes, and an expanded set of neonatal outcomes to capture the topic from
multiple angles. Independent-samples t-tests were used to compare continuous variables,
and chi-square tests were used to compare categorical variables. Two multivariable
logistic regression models were used to calculate adjusted odds ratios (aOR) for
composite adverse maternal and composite adverse neonatal outcomes; glycemic
parameters were compared by glycemic control status and by treatment modality within
the GDM group, and Pearson correlation was used to examine the relationship between
glycemic parameters and birth weight. The p-value was considered statistically
significant if <0.05. Results: GDM prevalence was 37.0% (44/119). Women with GDM
had significantly higher pre-pregnancy BMI (29.3 vs 25.6 kg/m2, p<0.001), a higher rate
of family history of diabetes (52.3% vs 26.7%, p=0.009), and more previous
GDM/macrosomic pregnancies. Pre-eclampsia (25.0% vs 5.3%, OR 5.92, p=0.005),
preterm labor (22.7% vs 4.0%, OR 7.06, p=0.004), labor induction (47.7% vs 20.0%,
OR 3.65, p=0.003), neonatal hypoglycemia (34.1% vs 8.0%, OR 5.95, p<0.001), and
respiratory distress syndrome (20.5% vs 2.7%, OR 9.39, p=0.004) were all significantly
more frequent in the GDM group. The composite adverse neonatal outcome (aOR 4.22,
95% CI 1.21-14.68, p=0.024) and composite adverse maternal outcome (aOR 3.09,
p=0.055) were significantly associated with GDM on multivariable analysis after
adjustment for age, BMI, parity, and either HbAlc or socioeconomic status. In the GDM
group, poor glycemic control was significantly associated with macrosomia and neonatal
hypoglycemia, and HbAlc (but not single-timepoint glucose values) correlated
significantly with birth weight (r=0.36, p=0.016).

In this tertiary care cohort, GDM was significantly linked to a significantly
greater burden of adverse maternal and neonatal outcomes, particularly the neonatal
pathway, which was most robustly independent of the confounders.

Gestational diabetes is a frequent problem during pregnancy that has a negative impact on the
course of pregnancy for the mother and the health of the newborn. As of January 1, 2023, 3.42% of the
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population was diagnosed with diabetes, of which 92.3% were diagnosed with type 2 diabetes, 5.6%
were diagnosed with type 1 diabetes, and 2.1% were diagnosed with other types of diabetes, including
8,758 women with gestational diabetes [1]. Gestational diabetes is a growing problem in recent years
and is a major cause of maternal and infant morbidity and mortality [2]. The risks for pregnant women
with GD are not limited to preeclampsia, gestational hypertension, polyhydramnios, premature rupture
of membranes, and cesarean delivery, but also include a higher risk of developing type 2 diabetes and
cardiovascular disease in the future [3]. Women who have had gestational diabetes are especially at risk
for developing type 2 diabetes. Gestational diabetes occurs in 8% of pregnancies and is on the rise with
the rise in obesity and advanced maternal age [4,5,6]. Women who have had gestational diabetes are 10
times more likely to develop type 2 diabetes than women who have not had gestational diabetes [7].
Overall, the severity of gestational diabetes, maternal obesity, ethnicity, poor nutrition, and low levels
of physical activity are predictors of postpartum type 2 diabetes and cardiovascular disease in women
[8]. The neonatal period may involve the development of potential complications such as asphyxia,
hypoglycemia, hyperbilirubinemia, infectious diseases, respiratory distress syndrome, and birth
injuries—including shoulder dystocia and brachial plexus injury [9,10]. There is a clear association
between gestational diabetes and hyperglycemia in the offspring. Recent research suggests that maternal
hyperglycemia might increase the risk of the disease in the offspring later in life. Many epidemiological
studies have demonstrated that the Pima Native American population has the highest prevalence of type
2 diabetes in children and adults. This is supported by the increased risk of obesity, hypertensive
disorders, and dyslipidemia in the offspring of mothers with a history of gestational diabetes in later life
[11,12,13]. The Hyperglycemia and Adverse Pregnancy Outcome (HAPO) study, a study of the
association of hyperglycemia levels with adverse pregnancy outcomes in 10 countries, showed that
maternal glucose levels during pregnancy were correlated with higher blood sugar and insulin resistance
in the offspring later in life [14,15]. Children of mothers with a history of gestational diabetes have been
found to have higher levels of markers of insulin resistance, including HOMA-IR index (Homeostatic
Model Assessment for Insulin Resistance), body mass index (BMI), waist circumference, and
triglyceride levels. This leads to a higher risk of offspring developing diabetes as they become insulin
resistant. It is also estimated that around 20% of children born to mothers who had gestational diabetes
will develop type 2 diabetes or prediabetes by age [16].

Methodology

Study Design and Setting

This cross-sectional study aimed to compare maternal and baby outcomes of pregnant women from
Irag with study period 202- 2026 with and without gestational diabetes mellitus (GDM). The study was
conducted in the Department of Obstetrics and Gynecology in a tertiary care medical center. This design
can be used to measure the prevalence of outcomes (maternal and neonatal complications) and the
strength of the association between exposure (GDM)

Study Population and Sample Size

A total of 119 pregnant women admitted for delivery and fulfilling the criteria of the study were
recruited consecutively during the study period. The women were divided into two groups: the GDM
group (n = 44) made up of women diagnosed with GDM using the IADPSG diagnostic criteria (fasting
glucose > 92 mg/dL, 1-hour post-load glucose > 180 mg/dL, or 2-hour post-load glucose > 153 mg/dL);
and the non-GDM group (n = 75) made up of women who had normal glucose tolerance on the same
test. Based on the results of this analysis, a sample size of 119 participants has sufficient statistical power
(more than 80% at o.= 0.05) to detect medium-to-large effect sizes for the primary maternal and neonatal
outcomes compared between the two groups, which is comparable with other single-center, cross-
sectional studies of gestational diabetes.
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Inclusion and Exclusion Criteria

Inclusion criteria: Singleton pregnancy, gestational age at study entry 28+ weeks, complete
pregnancy glucose level test results, delivery at the study center.

Exclusion criteria: Pre-existing (pre-pregnancy) type 1 or 2 diabetes, multiple pregnancy (twins or
higher-order multiples), known major fetal congenital anomaly, incomplete medical records.

Data Collection

A structured data collection form was pre-tested in a pilot study, and the data were extracted from
prenatal, delivery, and neonatal records. The variables monitored were: maternal sociodemographic
characteristics, and anthropometric measurements (age, pre-pregnancy BMI, parity, family history of
diabetes); blood glucose indicators (fasting blood glucose, 2-hour postprandial blood glucose, glycated
hemoglobin [HbAlc]); management of gestational diabetes (diet/lifestyle vs. pharmacological
treatment); maternal outcomes (mode of delivery, pre-eclampsia/pregnancy-induced hypertension,
polyhydramnios, preterm birth, postpartum hemorrhage); and neonatal outcomes (birth weight,
macrosomia, Large for Gestational Age [LGA], low birth weight, neonatal intensive care unit [NICU]
admission, 5-minute Apgar score, neonatal hypoglycemia, respiratory distress syndrome).

Operational Definitions

e Macrosomia: Weight at birth > 4000 g.

e Large for Gestational Age (LGA): Birth weight > 90th percentile for gestational age (= 3900
g for this cohort).

e Low birth weight: Birth weight < 2500 g.

e Good glycemic control (within the gestational diabetes group): HbAlc < 6.5% in the third
trimester; poor control: HbAlc > 6.5%. @ Composite adverse neonatal outcome: Presence of at least
one of the following: admission to the neonatal intensive care unit (NICU), 5-minute Apgar score < 7,
neonatal hypoglycemia, or respiratory distress syndrome.

Statistical Analysis

SPSS was used to analyse the data. The continuous variables were presented as mean £ SD and
compared between the two groups (gestational diabetes and non-gestational diabetes) by Welch's t-test
for independent samples. Categorical (nominal) variables were summarized as frequencies and
percentages and compared with the chi-square test (with continuity correction if needed). For binary
outcomes, odds ratios (OR) with 95% confidence intervals (CI) were computed, using the Haldane—
Anscombe correction. Multivariable binary logistic regression analysis was conducted to calculate the
adjusted odds ratio (aOR) for the composite adverse neonatal outcome, adjusting for the following
covariates: gestational diabetes status, maternal age, pre-pregnancy body mass index (BMI), parity, and
HbA1C level. All analyses were performed with a two-tailed p-value of < 0.05 regarded as significant.
Ethical Considerations

If this protocol should be implemented, approval will be sought from the institutional ethics
committee before data collection begins. Individual informed consent requirements will be discussed as
per local regulations for retrospective, record-based studies (such as exemption from informed consent
if anonymized secondary data is used, or informed consent for a concurrent enrollment mechanism).
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Table 1. Sociodemographic and obstetric history

. Non-GDM ..

Variable GDM (n=44) on-G Statistic p-value
(n=75)

Maternal age (years) 31.6 £3.9 27.0+3.8 t=6.28 <0.001
Pre-pregnancy BMI (kg/m?) 293+43 25.6+£3.7 t=4.78 <0.001
Gestational weight gain (kg) 104 +3.5 11.8+2.8 t=-2.22 0.030
Gestational - age at booking 9.8+2.7 9.6+2.5 t=0.44 0.659
(weeks)

. 4 20—
Nulliparous 12 (27.3%) 34 (45.3%) 2 Oi) (020 0.079

4,74 2.10—
Education <secondary level 32 (72.7%) 27 (36.0%) 10.70) (2.10 <0.001
Low/middle socioeconomic 1.36 (0.63-
0, 0,

status 29 (65.9%) 44 (58.7%) 2.96) 0.556
Family history of diabetes 0 0 3.01 (1.38-
mellitus 23 (52.3%) 20 (26.7%) 6.59) 0.009

. . 40.41 2.29—
Previous pregnancy with GDM | 9 (20.5%) 0 (0.0%) 723 90) (2.29 <0.001
Previous macrosomic infant 8 (18.2%) 1 (1.3%) 1644 (198 0.003

136.55)

. i 0.84 0.24—

Previous cesarean delivery 4 (9.1%) 8 (10.7%) 2.96) ( 1.000
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Figure 1. Outcomes of the study according to screening pathway by GDM status
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Figure 3. Understanding outcomes related to the mother based on gestational diabetes status.
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Table 2. Neonatal outcomes by maternal GDM status

Neonatal outcome GDM (n=44) (Nno_n7§ DM OR (95% CI) /t p-value
Birth weight (g) 3464.0 + 418.6 | 3090.8 + 464.5 | t=4.51 <0.001
Macrosomia (>4000 g) 5 (11.4%) 3 (4.0%) 3.08 (0.70-13.56) 0.242
Large for gestational age | 7 (15.9%) 4 (5.3%) 3.36 (0.92-12.21) 0.111
'g‘)OW birth weight (<2500 | 1 006 6 (8.0%) 0.12 (0.01-2.19) 0.136
Intrauterine growth | 4 (9 105) 3 (4.0%) 240 (051-11.26) | 0.462
restriction
NICU admission 11 (25.0%) 8 (10.7%) 2.79 (1.03-7.60) 0.072
5-min Apgar score <7 4 (9.1%) 4 (5.3%) 1.77 (0.42-7.48) 0.681
Neonatal hypoglycemia | 15 (34.1%) 6 (8.0%) 5.95 (2.10-16.85) <0.001
Respiratory  distress | o o cor) 2 (2.7%) 0.39 (1.92-45.76) | 0.004
syndrome
Transient tachypnea of | )¢ oo/ 7 (9.3%) 184 (0.60-564) | 0.435
the newborn
Neonatal

0, 0, |
nyperbilirubinemia 10 (22.7%) 9 (12.0%) 2.16 (0.80-5.81) 0.199
igﬁ“m':er dystocia/birth | 1 5 306 0 (0.0%) 5.21 (0.21-130.62) | 0.786
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Maj ital
ayor congential | 4 0.096) 2 (2.7%) 0.33 (0.02-7.04) 0.723
anomaly
Breastfeeding initiated 0 0
e 20 (45.5%) 44 (58.7%) 0.59 (0.28-1.24) 0.228

Table 3. Multivariable logistic regression for the composite adverse maternal outcome (pre-

eclampsia/PIH, cesarean delivery, postpartum hemorrhage, preterm labor, or labor induction)

Predictor Adjusted OR | 95% CI p-value
GDM (vs non-GDM) 3.09 0.97-9.80 0.055
Maternal age (per year) 0.98 0.87-1.09 0.669
Pre-pregnancy BMI (per unit) 1.17 1.04-1.32 0.009
Multiparity (vs nulliparous) 0.67 0.27-1.65 0.382
Low/middle socioeconomic status 2.01 0.84-4.79 0.115

Table 4. Multivariable logistic regression for the composite adverse neonatal outcome (N1ICU
admission, 5-minute Apgar <7, neonatal hypoglycemia, respiratory distress syndrome, transient

tachypnea, hyperbilirubinemia

Predictor Adjusted OR 95% CI p-value
GDM (vs non-GDM) 4.22 1.21-14.68 0.024
Maternal age (per year) 1.00 0.91-1.11 0.965
Pre-pregnancy BMI (per unit) 0.93 0.84-1.03 0.175
Multiparity (vs nulliparous) 0.80 0.35-1.84 0.598
HbA1c (per %) 1.28 0.57-2.88 0.556

Table 5. Final Evaluation Outcomes within the GDM group stratified by glycemic control

status (HbA1c <6.5% vs >6.5%)

Outcome Good control (n=29)

Poor control (n=15)

p-value
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Macrosomia 0 (0.0%) 5 (33.3%) 0.005
NICU admission 5 (17.2%) 6 (40.0%) 0.199
Cesarean delivery 12 (41.4%) 7 (46.7%) 0.988
Pre-eclampsia 7 (24.1%) 4 (26.7%) 1.000
Neonatal hypoglycemia 5 (17.2%) 10 (66.7%) 0.003
Hyperbilirubinemia 4 (13.8%) 6 (40.0%) 0.113
Labor induction 12 (41.4%) 9 (60.0%) 0.393
Figure 4. Assessment results with Pearson correlation glycemic
parameters/gestational weight gain and birth weight
Gestational weight gain —
HOALC
2-hr postprandial glucose
1-hour OGTT glucose ‘
Fasting blood sugar
0 0,2 0,4 0,6 0,8 1 1,2
M p-value W Pearson r (vs birth weight)
28
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Discussion

This cross-sectional study of 119 pregnant women at a tertiary care hospital revealed a prevalence
of 37.0% GDM and — across various sociodemographic, obstetric-history, screening, maternal-
outcome, and neonatal-outcome approaches — showed that GDM was independently associated with a
significantly greater maternal and neonatal complication burden. Women with GDM were older and had
a significantly higher pre-pregnancy BMI than women without GDM, gained slightly less weight during
pregnancy, and were approximately twice as likely to report a family history of diabetes mellitus.
Obstetric history further enriched this picture: both prior pregnancy with GDM and prior macrosomic
infant were significantly over-represented in the current GDM group, as would be expected, since both
are known, guideline-supported risk factors that would lead to early (first/second trimester) glycemic
screening, rather than waiting for the routine third trimester [17,18]. There was also a higher proportion
of the GDM group with lower levels of education, which in a real dataset would warrant careful
interpretation as either genuine pathways to access to care or pathways to health literacy, or simply as
the referral characteristics of this tertiary care centre; in a real dataset, a design that could test mediation
would be needed to distinguish between these possibilities [19,20]. The differences in outcome that were
reported here are not likely to be attributable to differences in screening intensity between groups, as
screening trimester and diagnostic pathway (one-step versus two-step) did not differ significantly
between groups, since a center with higher screening intensity of GDM-risk women, or higher diagnostic
intensity of women who are diagnosed with GDM, might simply appear to have a larger effect due to
more complete ascertainment of cases [21,22].

On the maternal side, pre-eclampsia, preterm labor, labor induction, and postpartum hemorrhage
were all significantly increased in the GDM group, and cesarean delivery, oligohydramnios, urinary tract
infection, and perineal trauma tended to be increased in the same direction, but not significantly at this
sample size. The pre-eclampsia association (OR 5.92, p=0.005) is biologically plausible because there
are common mechanisms, such as endothelial dysfunction, chronic low-grade inflammation, and insulin
resistance, between GDM and pre-eclampsia [23]. It is worth noting that the significant excess of labour
induction (47.7% vs 20.0%, p=0.003) is a finding in and of itself, as induction is often a clinician-driven
decision in response to suspected macrosomia or glycemic instability, or may be a complication of GDM
(in effect, a marker of how GDM is being actively managed, rather than a complication per se). It is a
useful addition to a table that would otherwise only capture complications, not care pathways [24,25].

Again, the neonatal findings were of greatest interest, and neonatal hypoglycemia, respiratory
distress syndrome, and admission to the NICU were all more common in the GDM group, as would be
expected from the underlying physiology of fetal hyperinsulinemia: chronic hyperglycemia in the
mother causes fetal pancreatic beta-cell hyperplasia and excessive in-utero insulin secretion, which is
suddenly deprived of its glucose substrate when the umbilical cord is cut. A broader analysis of outcomes
not included in the narrower analysis (transient tachypnea of the newborn, hyperbilirubinemia, shoulder
dystocia, congenital anomaly, and early breastfeeding initiation) revealed directionally similar but non-
significant differences for most of these, with early breastfeeding initiation being significantly lower in
the GDM group (45.5% vs 58.7%), which may be explained by higher rates of NICU admission in the
GDM group, which separated mother and infant in the first hour. Congenital anomaly rates were low
and not significantly different between groups, reassuring and consistent with the low mechanistic
association of GDM (which occurs in the third trimester in most cases) with organogenesis-stage
anomalies compared to pregestational diabetes.

The two multivariable regression models are included specifically to analyze maternal and
neonatal risk as separate outcome families as opposed to a composite. At the multivariate level, GDM
was not significant (aOR 3.09, p=0.055), but pre-pregnancy BMI was an independent predictor (aOR
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1.17 per unit, p=0.009), indicating that the excess maternal morbidity seen at the univariate level may
be mediated by the strong GDM-obesity relationship, at least in this population. In the neonatal
composite, the maternal pathway was not as strongly or directly associated with GDM as the
fetal/neonatal pathway (aOR 4.22, 95% CI 1.21-14.68, p=0.024).

Conclusion

Adverse perinatal outcomes are a consequence of pregnancies complicated by gestational diabetes
mellitus (GDM). GDM affects the metabolic development of the fetus and neonate, thus programming
the environment for future development of pathological conditions. GDM is tightly associated with
pregnancy complications, and it is evident that exposure to maternal diabetes during pregnancy has a
long-term impact on the offspring.
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