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Abstract

Background The literature has been evolving to standardize gestational diabetes mellitus (GDM) diagnosis and ter-
minology. The significance of timing in diagnosing hyperglycemia during pregnancy is underlined by evidence

that women diagnosed at 24 weeks of gestation or earlier are at a higher risk of developing postpartum prediabetes,
but its association with adverse outcomes for the newborn is controversial. We aimed to investigate the association
between early-onset GDM and adverse outcomes in newborns and neonates, comparing it with the late-onset GDM
model.

Methods It was a retrospective cohort study conducted at the Perinatal Diabetes Research Center in Assis/SP,
affiliated with the Botucatu Medical School-UNESP in Brazil. The group composition was as follows: early-onset
participants had fasting glucose levels =92 mg/dL and < 126 mg/dL before 20 weeks of gestation, while late-onset
participants had a negative first-trimester screening and a positive 75g-OGTT at 24-28 weeks. For early-onset GDM,
a fasting glucose level of >92 mg/dL is a recognized threshold associated with an increased risk of adverse preg-
nancy outcomes, while < 126 mg/dL ensures the exclusion of overt diabetes. The criteria for late-onset GDM, involv-
ing a negative initial screening and a positive OGTT at 24-28 weeks, align with the standard diagnostic timeframe
when insulin resistance typically peaks due to placental hormone secretion. The maternal baseline characteristics
included pre-pregnancy body mass index (BMI; kg/m2) and pregnancy weight gain (kg), calculated as the difference
between the final pregnancy weight (36 gestational weeks or more) and pre-pregnancy maternal weight, classified
according to the pre-pregnancy BMI. Additionally, the perinatal outcomes evaluated in this study included gestational
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age (GA) at birth, birth weight (BW) categorized according to GA as adequate, large, or small and Apgar scores

at the first and 5th minutes.

Results Eight hundred eighty pregnant women were selected, of whom 203 (23.07%) presented GDM and were eli-
gible from December 2016 to December 2021. Based on the timing onset of GDM, 89 (43.8%) were in the early-onset
group, and 114 (56.2%) were in the late-onset group. The fasting plasma glucose values in the first trimester were
higher in the early-onset group. The 75-g OGTT values were higher in the late-onset group. The final BMI was higher
in the early-onset group. Univariate linear regression was performed to determine the relationship between late-
onset and maternal and neonatal outcomes; however, no significant relation was detected.

Conclusion Pregnant women with early-onset GDM showed a higher BMI during pregnancy, but there was no differ-
ence between early and late-onset GDM concerning neonatal adverse outcomes.

Keywords Gestational diabetes mellitus, Neonatal outcome, Adverse pregnancy outcomes, Glucose tolerance test

Introduction

The diagnosis of Gestational Diabetes Mellitus (GDM)
had been based on hyperglycemia first recognized dur-
ing pregnancy for many years. Nowadays, the American
Diabetes Association (ADA) classifies GDM as diabetes
diagnosed in the second or third trimester of pregnancy
that was not overt diabetes before gestation or other
types of diabetes occurring throughout pregnancy, such
as type 1 diabetes [1]. Over the past years, studies have
demonstrated that the GDM diagnosis strategy considers
either first-trimester hyperglycemia or second-trimester
75g oral glucose tolerance test (75g-OGTT) screening
and diagnosis [2, 3].

It is well known that the presence of GDM represents
a potential risk for spontaneous abortion, fetal abnor-
malities, preeclampsia, fetal loss, macrosomia, neonatal
hypoglycemia, hyperbilirubinemia, and neonatal respira-
tory distress syndrome, among other complications [1].
In the long term, it may also increase the likelihood of
obesity, hypertension, and type 2 diabetes in the offspring
[1].

Recent research is focused not only on the presence
or absence of GDM but also on the importance of the
timing of diagnosis (early-onset) [4, 5] and the inten-
sity of hyperglycemia [6]. A systematic review revealed
that macrosomia, shoulder dystocia, perinatal mortal-
ity, insulin use, and neonatal hypoglycemia were more
prevalent in early-onset compared to late-onset GDM,
despite treatment [4, 5]. Additionally, women diagnosed
at 24 weeks of gestation or earlier are at a higher risk of
developing postpartum prediabetes [7, 8]. Concerning
glycemic intensity, pregnant women with higher levels of
hyperglycemia had a greater chance of developing hyper-
tensive disorders of pregnancy, preterm birth, neonatal
hyperbilirubinemia, and macrosomia [6].

Recognizing pregnancy risk factors related to the tim-
ing of GDM diagnosis may positively impact the health of
both the fetus and the newborn, primarily due to diver-
gences in GDM screening and diagnosis protocols [9].

However, insufficient data exist to report the extent to
which the first-trimester recognition of hyperglycemia
or the conventional 24-28 weeks of gestation diabetes
screening during pregnancy leads to unequal adverse
outcomes for newborns [10]. The results on these topics
are still preliminary, and their association with adverse
outcomes for both maternal and neonatal health is poorly
understood [9].

Therefore, we aim to investigate the association
between early-onset GDM and adverse outcomes in neo-
nates, comparing it with the late-onset GDM model. We
hypothesize that the early-onset of hyperglycemia during
pregnancy may lead to worse neonatal outcomes.

Method

It is a retrospective cohort study at the Perinatal Dia-
betes Research Center (PDRC)-Assis affiliated nucleus
from Botucatu Medical School-UNESP, Brazil, con-
ducted between 2016 and 2019, approved by the Insti-
tutional Ethical Committee of Botucatu Medical School
of Sao Paulo State University (Protocol Number CAAE
82225617.0.0000.5411). Pregnant women were moni-
tored throughout pregnancy and the neonatal period.
The original study design was centered around the pri-
mary objective of developing a predictive model for
postpartum urinary incontinence (UI) in women who
had gestational diabetes mellitus (GDM) during their
pregnancy [11]. This ongoing study protocol includes all
pregnant women receiving prenatal care at the obstetric
and maternal—fetal medicine clinics at PDRC. We have
decided to retrospectively investigate the newborn out-
comes in the GDM group within this cohort, based on
the onset period of hyperglycemia.

Prior to enrollment, each woman received a compre-
hensive explanation about the study and subsequently
signed an informed consent form. All subjects met the
following inclusion criteria: Patients from the antenatal
care service who underwent gestational diabetes mel-
litus (GDM) screening and diagnosis based on WHO
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guidelines. Pregnant women were ineligible if they had:
Multiple pregnancies, fetal loss before 22 weeks of ges-
tation, stillbirth, loss to follow-up before data collection
during pregnancy or the neonatal period, severe mater-
nal or fetal comorbidities unrelated to GDM status dur-
ing pregnancy or the perinatal period, and pre-pregnancy
diabetes mellitus (DM).

Concerning patient follow-up: Following WHO guide-
lines, all included women initiated prenatal care before
20 weeks of gestation and underwent universal screening
with fasting glucose (FG) during the first prenatal visit.
For those with a negative screening, the 75g oral glucose
tolerance test (OGTT) was administered in the second
trimester (24—28 weeks of gestation), except for those
who had undergone bariatric surgery, for whom screen-
ing was conducted with FG in the second trimester.
GDM likely reflects the significant changes in maternal
insulin sensitivity and hormonal dynamics during preg-
nancy, especially after 20 weeks, so the group composi-
tion follows:

« Early-onset: Patients with fasting glucose (FG) lev-
els>92 mg/dL and <126 mg/dL before 20 weeks of
gestation.

« Later-onset: Patients with a negative first-trimester
screening and a positive result in the 75g oral glucose
tolerance test (OGTT) conducted at 24—28 weeks of
gestation.

The maternal baseline characteristics considered in this
study included age, parity, ethnicity (Caucasian or non-
Caucasian), educational level (higher or non-higher), his-
tory of previous bariatric surgery, physical activity during
pregnancy (considered positive when exceeding 150 min
per week throughout the gestational period), pre-preg-
nancy body mass index (BMI in Kg/m?), and pregnancy
weight gain (Kg). Pregnancy weight gain was calculated
as the difference between the final pregnancy weight
(at 36 weeks gestation or later) and the pre-pregnancy
maternal weight, and it was categorized based on the
pre-pregnancy BMI [12].

The outcomes of interest in this study include mode of
delivery, preterm or term birth (gestational age at deliv-
ery), birth weight (BW) in grams, birth weight adequacy
for gestational age at birth (categorized as adequate,
large, or small for gestational age), Apgar scores at 1st
and 5th minutes, Apgar score less than 7 at the 5th min-
ute, and the necessity of neonate hospitalization during
the first 28 days after childbirth.

Women in this study received prenatal care in our
hospital’s obstetric and maternal-fetal medicine clin-
ics. Pregnant women with gestational diabetes melli-
tus (GDM) received nutritional counseling through a
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centralized office, where they were provided instructions
regarding their diet and recommended weight gain based
on their pre-pregnancy BMI. Self-monitoring of plasma
glucose was advised four times daily, with targets set at
a fasting value of less than 95 mg/dL and two-hour post-
meal values of less than 130 mg/dL. Any incomplete or
missing antenatal and perinatal data were retrieved from
the institutional medical records.

For the sample size calculation, we assumed a risk of
an outcome event equal to 0.20 among the group with
a prior diagnosis and increased the risk of an event out-
come to 0.35 in the group with a late diagnosis. The ratio
of the number of participants in the group with no previ-
ous obesity to those with previous obesity was set at 1:1.
Type I and 1II errors were fixed at 0.05 and 0.20, respec-
tively. Additionally, a maximum of three other variables
were considered in the adjusted models. Based on these
assumptions, it was estimated that 170 participants per
group were necessary, with an estimated statistical power
of approximately 0.87.

Confounding variables considered in this study
included maternal age, parity, previous vaginal or
C-section delivery, ethnicity, educational level, physical
activities during and after pregnancy, maternal weight,
previous bariatric surgery, pre-pregnancy BMI, and final
BMI at delivery. Data collection procedures and statisti-
cal analysis followed the predefined period and inclusion/
exclusion criteria. Data were entered into a dedicated
software spreadsheet, subsequently audited, and sub-
jected to consistency checks.

The Mann—Whitney test was employed for numerical
variables, and the Chi-square test was used for categori-
cal variables to compare groups based on the outcomes.
Univariate logistic regression was conducted to estimate
the relative risks (RR) and their respective 95% confi-
dence intervals (CI) for newborn outcomes according to
clinical and demographic characteristics. Subsequently,
multivariate regression analysis was performed to iden-
tify factors independently associated with newborn
adverse outcomes and estimate the adjusted RR (adj RR).
Variables were individually inserted, and those with a
P-value under 0.05 were retained. Cases lost to follow-up
occurred entirely at random and were excluded. Addi-
tionally, missing data were sparse and occurred ran-
domly; the imputation method addressed the few cases
statistically. The analysis was conducted using SPSS
version 23.0 (IBM, New York), and all statistical signifi-
cances were two-sided, accepted at P<0.05.

Results

Eight hundred eighty pregnant women were screened, of
which 203 (23.1%) with GDM were deemed eligible from
December 2016 to December 2021. Based on the timing
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of GDM onset, 89 (43.84%) were classified in the early-
onset group, and 114 (56.16%) in the late-onset group.
Table 1 summarizes maternal characteristics. Concerning
the criteria used to stratify the groups, as expected, the
first trimester FPG levels were higher in the early-onset
group, while the late-onset group exhibited elevated val-
ues during the 75-g OGTT. In terms of maternal health
status, pregnant individuals meeting the criteria for
early-onset GDM had a final BMI higher than that of the
late-onset group (p =0.036).

Neonatal outcomes, as presented in Table 2, indicated
similarities between early and late-onset cases regard-
ing pre-term birth (p=0.662), fetal growth restriction

Table 1 Maternal characteristics according to the timing GDM onset
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(»p=1.000), adverse neonatal outcome (p=1.000),
5-min apgar<7 (p=0.633), newborn weight at birth
(p=0.728), 1-min apgar score (0.765) and 5-min apgar
score (p=0.182).

Univariate linear regression, performed to deter-
mine the relationship between late-onset and vari-
ous outcomes (as detailed in Table 3), did not reveal
any significant associations. This suggests that there is
no discernible difference in maternal outcomes, such
as gestational age at delivery (p=0.502), weight gain
(»p=0.748), and c-section rates (p=0.976), between
participants with late or early-onset gestational diabe-
tes mellitus (GDM).

Early-onset (n=289)

Late-onset (n=114)

Variables n (%) Med (IQR) p*

Non-Caucasian 14 (15.7%) 13 (11.4%) 0.409
Higher educational level 55 (61.8%) 73 (64%) 0771
C-section 88 (98.9%) 112 (98.2%) 1.000
Previous bariatric surgery 0 (0%) 1 (0.9%) 1.000
Obesity pre-pregnancy 30 (33.7%) 26 (22.8%) 0.113

Med (IQR) Med (IQR)

Number of gestations 2.0(1.0-2.0) 2.0(1.0-2.0) 0.196
Maternal age (years) 30.0 (26.0-34.5) 29.5(25.0-33.3) 0.609
First trimester FPG (mg/dL) 95.0 (93.0-97.0) 85.0 (80.0-89.0) 0.000
759 OGTT (mg/dL) - fasting 83.0 (78.0-86.5) 91.7 (80.0-96.0) 0.000
759 OGTT (mg/dL)—1h 134.0 (113.0-150.0) 167.5 (144.0-184.0) 0.000
759 OGTT (mg/dL)—2h 117.0 (100.0-130.0) 140.0 (121.0-159.0) 0.000
BMI (kg/m?) pre-pregnancy 27.5(24.1-32.1) 26.5(23.8-29.7) 0.202
BMI (kg/mz) gestation 31.5(28.1-36.8) 30.0(27.4-33.7) 0.036

n sample, g: mg/dL miligrams per deciliter, FPG fasting plasma glucose, 75g OGTT 75 g oral glucose tolerance test, BMI Body Mass Index; Data are presented in n(%):
absolute frequency (n) and percentage (%) or Med (IQR): Median (interquartile range); p-values are based on *Chi-square test or Mann-Whitney U. Significance

p<0.05

Table 2 Neonatal outcomes according to the GDM onset

Early-onset (n=289)

Late-onset (n=114)

Variables n (%) n (%) p*

Pre-term birth 12 (13.5%) 12 (10.5%) 0.662
Fetal growth restriction 7 (7.9%) 8 (7%) 1.000
Adverse neonatal outcome 10 (11.2%) 12 (10.5%) 1.000
5-min Apgar<7 1(1.1%) 3 (2.6%) 0.633

Med (IQR) Med (IQR)

Weeks of gestation 38.1(37.3-38.9) 38.2 (37.4-38.9) 0.732
Newborn weight at birth (grams) 3170 (2830-3490) 3150 (2855-3400) 0.728
1-min Apgar score 9.0 (9.0-9.0) 9.0 (9.0-9.0) 0.765
5-min Apgar score 9.0(9.0-10.0) 9.0 (9.0-10.0) 0.182

Data are presented in n (%): absolute frequency (n) and percentage (%) or Med (IQR): Median (interquartile range); p-values are based on *Chi-square test or Mann-

Whitney U. Significance p <0.05
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Table 3 Univariate linear regression according different models, regarding gestational age, weight gain, weight on birth and Apgar>7

Variables B 95% ClI p*
Investigation Model (Gestational Age)

Late-onset GDM -0.16 (-0.62-0.30) 0.502
Investigation Model (Weight Gain)

Late-onset GDM -22.18 (-157.46-113.09) 0.748
Investigation Model (Weight on birth)

Late-onset GDM -22.18 (-157.46-113.09) 0.748
Investigation Model (Apgar >7)

Late-onset GDM 8.16 (0.16-417.97) 0.296
Investigation Model (Pre-term birth)

Late-onset GDM 0.81 (0.36-1.85) 0617

Investigation Model (C-section birth)

Late-onset GDM 1.00 (0.75-1.33) 0.976
Investigation Model (Fetal growth restriction)

Late-onset GDM 94 (0.33-2.62) 0.899

GDM Gestational Diabeltes Mellitus, BMI Body Mass Index; Data are presented in: 3: Standardized regression Coefficient; SE: Standard error; 95% Cl: 95% Coeficient
Interval; p-values are based on *Univariate linear regression significance for investigation model p <0.2

Similar findings were observed in newborn outcomes,
including birth weight (p=0.748), Apgar scores greater
than 7 (p=0.296), pre-term birth (p=0.617), and fetal
growth restriction (p=0.899). In summary, no significant
differences were detected in both maternal and neonatal
outcomes between individuals with late-onset GDM and
those with early-onset GDM.

Discussion

The prevalence of GDM in our study follows data from
the HAPO study cohort, which ranged from 9.3% to
25.5% depending on the study site [13]. The ADA recom-
mends a well-established protocol for GDM screening
between 2428 weeks of gestation through a 75-g OTTG
[1]. The Brazilian protocol follows this recommendation
but adds that pregnant with fasting glycemia from>92
to <126 mg/dL should be diagnosed with GDM [14].

Considering this point and the fact that time of expo-
sure and hyperglycemia intensity could be potential
mediators of negative outcomes to the binomen. We
decided to evaluate the impact of the early or late-onset
and we verified that 43.84% of our population had an
early-onset diagnosis and 56.16% a late-onset, which
means that almost 50% of the population had longer
exposure to hyperglycemia environment.

We observed in the early-onset GDM, a significantly
higher difference in the BMI calculated at the end of the
prenatal care, compared with the late-onset group. We
did not find differences among the other variables stud-
ied. The relationship between early-onset GDM and
obesity is complex. Obesity is a known risk factor for
developing GDM, and individuals who are obese before

becoming pregnant are at a higher risk of developing
GDM during pregnancy. Weiss et al. reported that the
GDM risk was increased 3 to 4 fold in women with obe-
sity [15].

Pregnant individuals with obesity are at a higher risk
of experiencing complications during pregnancy and
childbirth. These complications can sometimes affect the
newborn’s immediate health and Apgar score. For exam-
ple, obese individuals are more likely to have babies with
macrosomia (excessive birth weight), which can affect
muscle tone and respiration in the newborn. Although
our findings did not show differences between groups
according to the timing of GDM diagnosis, it is impor-
tant to consider this information for further studies. It is
essential to highlight the new emphasis on early GDM
diagnosis to prevent perinatal morbidity and mortal-
ity and identify potential long-term maternal complica-
tions. Our results evoke the importance of the concern
that GDM is a clinical entity starting before pregnancy,
and the crucial early-onset diagnosis may be critical for
reducing adverse outcomes.

Regarding limitations, as the period for early-onset is
not standardized in the literature [4] our choice of <20
weeks as early onset and 24 weeks as late onset in the
context of gestational diabetes likely reflects the sig-
nificant changes in maternal insulin sensitivity and hor-
monal dynamics during pregnancy. Early onset at 20
weeks aligns with the onset of increasing glycaemia due
to reduced insulin sensitivity. By 24 weeks, there is fur-
ther elevation in glycaemia driven by placental hormo-
nal secretion and increased insulin resistance. It could
include reduced precision due to the sampling design and
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implementation. We also assume that it did not control
how the disease and exposure variables were ascertained
and recorded precisely in the pregnancy span.

Although GDM is an entity with a high prevalence
worldwide and recognized association with adverse neo-
natal periods, we cannot fully generalize the results for
different populations regarding ethnicity, socioeconomic
status, parity, mode of delivery, and the plurality of vari-
ables influencing the outcome. Besides our parochial
results, the presented results are critical to evoke new
studies and discussions involving the screening, diagno-
sis, and treatment of GDM during the entire pregnancy
span.

Conclusion

Pregnant with early-onset of GDM showed higher BMI
during pregnancy, but there was no difference between
the early and late-onset of GDM concerning neona-
tal adverse outcomes. Considering clinical practice, it
is important to manage obesity screening particularly
in women diagnosed with GDM in early-onset. Future
studies should consider including BMI as a subgroup of
analysis to investigate the association between hypergly-
cemia, obesity, on neonatal outcomes.
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