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Abstract

Purpose: To analyze the risk factors for hypoglycemia in neonates born to women with gestational diabetes mellitus.

Methods: Ninety-five neonates delivered by 95 women with singleton pregnancies and gestational diabetes mellitus between April 2015 and March
2024 were studied retrospectively. Neonatal hypoglycemia was defined as a blood glucose level of < 40 mg/dL at 1 h after birth. The following factors
were evaluated for their independent effects on neonatal hypoglycemia using logistic regression analysis: maternal age; body mass index before
pregnancy and at delivery; previous history of gestational diabetes mellitus; gestational age at diagnosis; results of a 75-g oral glucose tolerance
test (OGTT); insulin therapy; gestational age at delivery; mode of delivery, including spontaneous vaginal delivery, induction of labor, and elective or
emergency cesarean delivery; neonatal sex; and birth weight.

Results: Seven neonates had hypoglycemia, four of whom were delivered via elective cesarean delivery. Significant factors independently associated
with neonatal hypoglycemia were the 2-h level on a 75-g OGTT (odds ratio = 1.06, 95% confidence interval = 1.01-1.12, p = 0.02) and elective cesar-
ean delivery (odds ratio = 49.63, 95% confidence interval = 4.54-542.65, p = 0.001).

Conclusion: When planning elective cesarean delivery for women with gestational diabetes mellitus, conscious efforts should be made to prevent
neonatal hypoglycemia, especially among those exceeding the threshold on a 2-h 75-g OGTT.
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Abbreviations: BMI: Body Mass Index; CD: Cesarean Delivery; CI: Confidence Interval; FPG: Fasting Plasma Glucose; GDM: Gestational Diabetes
Mellitus; HDP: Hypertensive Disorders In Pregnancy; NICU: Neonatal Intensive Care Unit; OGTT: Oral Glucose Tolerance Test; PE: Preeclampsia; SD:

Standard Deviation; SPSS: Statistical Package for Social Sciences.

Introduction

Neonatal hypoglycemia occurs in approximately 5-20% of ne-
onates born to women with Gestational Diabetes Mellitus (GDM)
and is a leading cause of admission to the Neonatal Intensive Care
Unit (NICU), potentially resulting in seizures, neurodevelopmental
impairment, and brain injury [1-4]. Previous studies have suggest-
ed that elevated levels of fasting and 1-h plasma glucose on a 75-g

oral glucose tolerance test (75-g OGTT) may predict neonatal hypo-
glycemia [5-7]. Neonates born to women with tight insulin control
during the intrapartum period tend to be more hypoglycemic com-
pared with those born to women with liberal insulin control [1,8,9].
However, distinct predictors of neonatal hypoglycemia are lacking,
and understanding preventive measures remain a challenge. To
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analyze the risk factors that influence hypoglycemia in neonates
born to women with GDM, we retrospectively evaluated multiple
variables and assessed their independent effects. In addition, we
reviewed preventive measures related to the identified variables.

Methods

Participants

The electronic medical records of the participants were re-
viewed to analyze clinical parameters. A total of 105 neonates were
delivered by 105 women with singleton gestation and GDM at the
Ikeda City Hospital between April 2015 and March 2024; howev-
er, 10 pairs were excluded because of insufficient data. Ultimately,
95 pairs were retrospectively studied. This study was approved by
the Institutional Review Board of Ikeda City Hospital; however, the
requirement for informed consent was waived owing to the retro-
spective nature of the study.

Screening and Management of GDM

The 75-g OGTT is not routinely performed. More specifical-
ly, the test is administered to patients with any of the following:
plasma glucose level > 100 mg/dL between 24 and 32 gestation-
al weeks; repeated positive urine sugar; estimated fetal weight >
95th percentile; previous history of GDM; or advanced maternal
age (235 years). GDM diagnosis was confirmed based on the World
Health Organization 2013 criteria: one or more values of fasting,
1-h, or 2-h glucose levels equal to or exceeding 92, 180, or 153 mg/
dL, respectively [10]. Patients diagnosed with GDM were referred
to endocrinologists and initiated on daily self-monitoring of blood
glucose levels [Fasting Plasma Glucose (FPG) and 2-h postprandi-
al] using fingerstick testing (StatStrip Xpress® 2 Glucose Hospital
Meter System, Nova Biomedical Corporation, Waltham, MA, USA)
and dietary therapy. Insulin therapy was administered if fasting or
postprandial glucose values consistently exceeded the target rang-
es: FPG <95 mg/dL and 2-h postprandial glucose < 120 mg/dL.

Prenatal and Perinatal Care

If patients were not experiencing obstetrical complications
[e.g, Hypertensive Disorders in Pregnancy (HDP), Preeclampsia
(PE), macrosomia defined as a birth weight > 4 kg, or polyhydram-
nios] and did not require insulin therapy, labor was not induced
until the 40th gestational week. However, for patients on integrat-
ed insulin therapy, induction of labor was considered at 38 weeks
of gestation. Labor was induced using intravenous oxytocin with
continued oral intake. During the active phase, fasting was initiat-
ed by administering 5% glucose until delivery. Blood glucose levels
were measured hourly using fingerstick testing and maintained at
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70-120 mg/dL through insulin injection. Elective Cesarean Deliv-
eries (CDs) were performed in patients with a history of prior CD
or breech fetal presentation. After overnight fasting, 500 mL of 6%
0-2-hydroxyethyl starch was administered as a preload, followed
by low-concentration carbohydrate solutions until delivery. Insulin
therapy was discontinued after delivery.

Neonatal Care

Neonatal hypoglycemia was defined as a blood glucose level of
<40 mg/dL 1 h after birth. Neonates underwent point-of-care cap-
illary glucose testing using heel-sticks at 1, 2, 4, and 6 h after birth
(StatStrip Xpress® 2 Glucose Hospital Meter System, Nova Biomed-
ical Corporation). At 6 h after delivery, feeding was initiated, and
if blood glucose levels before breastfeeding exceeded 60 mg/dL
twice, testing was discontinued. If hypoglycemia was detected, oral
medication was administered immediately; if unresolved, injection
therapy was considered.

Statistical Analysis

Data are expressed as the mean * Standard Deviation (SD).
Comparisons of cord blood glucose level among three modes of
delivery were analyzed using t-test. Ten variables [age, Body Mass
Index (BMI) before pregnancy and at delivery, previous history of
GDM, gestational age at GDM diagnosis, 75-g OGTT values, insulin
therapy, gestational age at delivery, mode of delivery, neonatal sex,
and birth weight] were evaluated to assess their effects on neona-
tal hypoglycemia. Univariate analysis of the possible risk factors for
neonatal hypoglycemia followed by a forward step-wise variable
selection and logistic regression analyses were used to assess vari-
ance and control for confounding factors. Statistical significance
was defined as p < 0.05. Statistical analyses were conducted using
the SPSS software (version 22.0; IBM, Armonk, NY, USA).

Results

A total of 2107 singleton neonates were delivered by 2107
women at our hospital during the study period. The incidence
rate of GDM was 5.0% (105/2107). Antepartum and intrapartum
maternal characteristics are shown in (Table 1). Japanese women
accounted for approximately 90% of all patients. The mean gesta-
tional age at GDM diagnosis was 25.7 weeks, and the percentages of
fasting, 1-h, and 2-h glucose values equal to or above the threshold
on a 75-g OGTT were 35.8%, 48.2%, and 66.3%, respectively. In-
sulin therapy was required in 24.2% of patients. The mean gesta-
tional age at delivery was 38.7 weeks. Twenty-five patients (26.3%)
underwent CD, with 11 of them undergoing elective CD, which was
performed at a mean gestational age of 38.1 weeks.
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Table 1: Antepartum and intrapartum maternal characteristics.
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Variable No. of Patients (%) Mean + SD
Age (y) 95 (100) 33.6+5.0
Ethnicity
Japanese 88 (92.6)
Non-Japanese 7 (7.4)
Nulliparity 47 (49.5)
Body-mass index (kg/m2)
Before pregnancy 95 (100) 23.1+4.6
At delivery 95 (100) 26.2+4.1
Previous history of GDM 16 (16.8)
Gestational age at GDM diagnosis (wk) 95 (100) 25.7+6.3
Fasting plasma glucose level (mg/dL) 95 (100) 87.5+10.2
75g OGTT 1-h level (mg/dL) 95 (100) 170.9 £ 36.0
75g OGTT 2-h level (mg/dL) 95 (100) 158.1 £29.5
Threatened premature labor 10 (10.5)
Hypertensive disorder of pregnancy 4(4.2)
Preeclampsia
Management of GDM
Diet therapy 72 (75.8)
Insulin therapy 23 (24.2)
Gestational age at delivery (wk) 95 (100) 38.7+1.2
Mode of delivery
Spontaneous vaginal delivery 59 (62.1)
Induction of labor 18 (18.9)
Cesarean delivery 25 (26.3)
Elective 11 (11.6)
Emergency 14 (14.7)

Note*: GDM: Gestational Diabetes Mellitus, OGTT: Oral Glucose Tolerance Test,s SD: Standard Deviation.

Neonatal characteristics are summarized in (Table 2). The mean
birth weight was 3103.5 g, and macrosomia was not observed. The
cord blood glucose level at delivery was significantly lower in neo-
nates delivered by elective CD than in those delivered vaginally (p <
0.01) or by emergency CD (p < 0.05). The mean blood glucose level
at 1 h after birth was 61.4 mg/dL, and seven neonates developed
hypoglycemia; among them, four neonates were delivered by elec-
tive CD. Eleven neonates (including three that were delivered by
elective CD) required intravenous intervention for hypoglycemia.

Table 2: Neonatal characteristics.

(Table 3) shows the results of univariate and logistic regression
analyses of factors affecting neonatal hypoglycemia. Using univar-
iate analysis, age, BMI before pregnancy and at delivery, previous
history of GDM, gestational age at GDM diagnosis, level of FPG and
1-h 75-g OGTT, insulin therapy, gestational age at delivery, vaginal
delivery and emergency CD, neonatal sex, and birth weight did not
significantly influence neonatal hypoglycemia. Conversely, the 2-h
level on a 75-g OGTT and elective CD appeared to be associated
with neonatal hypoglycemia.

Variable No. of Neonates (%) Mean * SD
Male sex 46 (48.4)
Birth weight (g) 95 (100) 3103.5 £ 359.2

Macrosomia (birth weight = 4 kg)

5-min Apgar Score 8 or higher 92 (96.8)
Cord blood glucose level at delivery (mg/dL)
Vaginal delivery 70(73.7) 95.5+23.0
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Elective cesarean delivery 11(11.6) 63.8 +13.6*
Emergency cesarean delivey 14(14.7) 79.5 £20.0
Cord blood pH level at delivery 95(100) 7.3 £0.06
Blood glucose level at 1 h of birth (mg/dL) 93 (97.9) 61.4+169
Proportiop with blood glucose level < 40 mg/dL 7(7.4)

at 1 h of birth

CR::;Ieiiaved intravenous intervention for hypogly- 11 (11.6)

Received pho totherapy for hyperbilirubinemia 12 (12.6)

Respiratory distress syndrome 0

Bone fracture 1(1.1)

Note*: *Indicate significant differences compared with vaginal delivey (p<0.01) and with emergency cesarean delivey (p<0.05) by

t-test. SD: standard deviation.

Table 3: Univariate and logistic regression analysis of factors affecting neonatal hypoglycemia.

Univariate analysis Logistic regression analysis
0Odds ratio
Factors P value B value P value (95% confidence interval)
Age (y) ns
Body-mass index
Befoe pregnancy ns
At delivery ns
Previous history of GDM ns
Gestational age at GDM
diagnosis ns
Fasting plasma glucose level ns
75g OGTT 1-hlevel ns
75g OGTT 2-hlevel 0.039 0.06 0.016 1.062 (1.011-1.115)
Insulin therapy ns -3.565 ns 0.028 (0.001-1.333)
Gestational age of delivery ns
Blood gluc.ose level at ns
delivery
Mode of delivery
Spontaneous vaginal
delivery ns
Induction of labor ns
Cesarean delivery
Elective <0.01 3.905 0.001 49.634 (4540-542.654)
Emergency ns
Neonatal sex ns
Birth weight ns

Note*: GDM:Gestational Diabetes Mellitus, OGTT: Oral Glucose Tolerance Test.

Using a forward step-wise variable selection, three variables Discussion
(2-h level on a 75-g OGTT, insulin therapy, and elective CD) were

selected for logistic regression analysis. Significant factors inde-
pendently associated with neonatal hypoglycemia were 2-h level
on a 75-g OGTT (odds ratio = 1.06, 95% confidence interval [CI] =

Although the 75-g OGTT was not administered to all pregnant
women at our hospital, the frequency of GDM (5.0%) was relative-
ly low compared with that reported in a previous Japanese study

1.01-1.12, p = 0.02) and elective CD (odds ratio = 49.63, 95% CI = (13%) conducted at a single tertiary medical institution handling

4.54-542.65, p = 0.001).

high-risk patients [11]. Among the three OGTT points, the 2-h glu-
cose value exceeded the threshold most frequently (66.3%), mir-
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roring the trend observed in Hong Kong (threshold exceedance
rates of 26%, 62%, and 65% at FPG, 1-h, and 2-h glucose levels,
respectively) [12]. These results may reflect the regional char-
acteristics of patients with GDM. Our logistic regression analysis
revealed that 2-h level on 75-g OGTT and elective CD were asso-
ciated with neonatal hypoglycemia. According to the study of Jap-
anese patients with GDM diagnosed before 20 weeks of gestation,
being overweight before pregnancy (BMI = 25.0 kg/m2) and FPG
(95-125 mg/dL) was associated with adverse perinatal outcomes
[7]. We hypothesize that this discrepancy is attributed to the fact
that the participants of the previous study were older (the median
maternal age was 36.0 years); the median gestational age at GDM
diagnosis (14.1 weeks) was earlier than in the present study (25.7
weeks); and assessed perinatal outcomes were not only neonatal
hypoglycemia but were composited with multiple factors including
premature delivery, large for gestational age, and HDP/PE.

The cord blood glucose level in the elective CD group was < 70
mg/dL, which was significantly lower than that in the vaginal deliv-
ery and emergency CD groups. Cord blood glucose levels at deliv-
ery tended to be lower in women who underwent elective CD and
correlated with maternal blood glucose levels at delivery. Maternal
and fetal endogenous catecholamine secretion, stimulated by the
stress of vaginal delivery, plays a critical role in elevating cord blood
glucose levels [13,14]. In light of our findings on cord blood glucose
levels in elective CD, room exists to improve the management of
women scheduled for surgery.

Several strategies have been proposed as preventive mea-
sures for hypoglycemia in neonates delivered via elective CD. The
following three measures are worth considering: First, regarding
the timing of surgery, Alan et al. raised concerns about performing
repeated elective CD before 39 weeks of gestation. Compared with
surgery at 39 weeks, procedures at 37 and 38 weeks were asso-
ciated with a higher risk of neonatal adverse outcomes including
respiratory complications, treated hypoglycemia, sepsis, and NICU
admission. The adjusted odds ratios for treated hypoglycemia at 37
and 38 weeks were 3.3 (95% CI, 1.9 to 5.7) and 1.3 (95% CI, 0.8 to
2.0), respectively [15].

Second, according to a report by Liu et al. on patients with
GDM who underwent elective CD, administering a low-concentra-
tion carbohydrate solution (300 mL, 7.5% carbohydrate, 382.5 kJ)
2 h before anesthesia induction was a safe and feasible strategy.
This approach effectively reduced maternal hypoglycemia before
surgery without increasing neonatal hypoglycemia. The incidence
of neonatal hypoglycemia in the experimental group (2.3%) was
lower than that in the control group (7.1%) [16]. However, partici-
pants were limited to pregnant women with well-controlled blood
glucose levels through diet therapy. The mean gestational age at
surgery was 38.14 weeks; and Lactated Ringer’s solution was used
intraoperatively. Third, administering Ringer’s solution containing
1% glucose during surgery (Group II) may help maintain appropri-
ate fetal blood glucose levels without causing maternal hypergly-
cemia, compared with Ringer’s solutions containing 0% glucose
(Group I) or 5% glucose (Group III). In Group II, the maternal in-
traoperative blood and lowest neonatal blood glucose levels with-
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in 8 h after birth were 103.3 mg/dL and 47.8 mg/dL, respectively.
Neonates in Group II had a lower incidence of requiring intrave-
nous intervention for hypoglycemia (40.0% of neonates in Group
I, 20.0% in Group II, and 60.0% in Group III) [17]. However, in that
study, patients with abnormal glucose metabolism were excluded;
the average gestational age at surgery was 37.4 weeks; and no pre-
operative carbohydrate solution was administered. Based on these
findings, when scheduling elective CD for women with GDM, strate-
gies such as performing surgery at 39 gestational weeks, prescrib-
ing a preoperative low-concentration carbohydrate solution, and
infusing Ringer’s solution containing 1% glucose intraoperatively
may reduce the incidence of neonatal hypoglycemia. Preventing
neonatal hypoglycemia requires maintaining appropriate mater-
nal blood glucose levels not only during surgery, but throughout
pregnancy. Regarding neonatal care, interventions such as frequent
feeding, thermal regulation, and safe skin-to-skin contact may also
be effective [18].

Our study had some limitations. This retrospective study was
conducted at a single institution, and the sample size was relatively
small. Therefore, this was a preliminary study, and we were unable
to draw any inferences about causality, and residual confounding
factors may remain. Notably, neither diagnosis nor treatment of
GDM have yet been standardized because of differences in criteria,
screening methods, test timing, intervention strategies, and glucose
metabolism affected by nutrition and ethnicity [19,20]. Therefore,
the management of women with GDM should be tailored based on
regional characteristics.

Conclusion

We found that elective CD is associated with increased risk of
hypoglycemia in neonates born to women with GDM, especially
those exceeding the threshold on 2-h 75-g OGTT, and propose three
potential preventive measures. Prospective studies including large
sample sizes and with a multicenter design are needed to evaluate
the effectiveness of these interventions in reducing neonatal hypo-
glycemia.
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