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Abstract

Aims: To determine impact of mild fasting hyperglycemia in early pregnancy [fasting plasma glucose

(FPG) (5.1-5.5mmol/l)] on pregnancy outcomes.

Methods: We measured FPG at 11.9 +1.8 weeks in 2006 women from a prospective cohort study.
Women with FPG 25.6mmol/I (19) received treatment and were excluded from further analyses.
1838 women with FPG <5.6mmol/| received a 75g oral glucose tolerance test (OGTT) between 24-28

weeks of pregnancy.

Results: Of all participants, 78 (4.2%) had FPG 5.1-5.5mmol/l in early pregnancy, of which 49 had a
normal OGTT later in pregnancy [high fasting normal glucose tolerance (NGT) group]. Compared to
the NGT group with FPG <5.1 mmol/I in early pregnancy (low fasting NGT group, n=1560), the high
fasting NGT group had a higher BMI, higher insulin resistance with more impaired insulin secretion
and higher FPG and 30 min glucose levels on the OGTT. The admission rate to neonatal intensive
care unit (NICU) was significantly higher in the high fasting NGT group compared to the low fasting
NGT group [20.4% (10) vs. 9.3% (143), p=0.009], with no difference in duration (7.0+£8.6 vs. 8.4+14.3
days, p= 0.849) or indication for NICU admission between both groups. The admission rate to NICU
remained significantly higher [OR 2.47 (95% ClI 1.18-5.19), p=0.017] after adjustment for age, BMI

and glucose levels at the OGTT.

Conclusions: When provision of an OGTT is limited such as in the Covid-19 pandemic, using FPG in
early pregnancy could be an easy alternative to determine who is at increased risk for adverse

pregnancy outcomes.
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Abbreviations

FPG: Fasting plasma glucose

GCT: 50g glucose challenge test

GDM: Gestational diabetes mellitus

IADPSG: International Association of Diabetes and Pregnancy Study Groups

NGT: normal glucose tolerance



Introduction

Gestational diabetes mellitus (GDM) is generally defined as diabetes diagnosed in the second or
third trimester of pregnancy provided that overt diabetes early in pregnancy has been excluded *.
Screening and treatment of GDM between 24-28 weeks of pregnancy, reduces the risk for adverse
pregnancy outcomes such as large-for-gestational age infants (LGA) and preeclampsia **. Most
international guidelines recommend to screen for overt diabetes in early pregnancy. However, early
testing will also lead to the identification of hyperglycemia under the threshold of overt diabetes. It
is unclear whether these women should be labeled and treated as GDM in early pregnancy. The
management of milder hyperglycemia in early pregnancy is controversial due to lack of evidence
from randomized controlled trials (RCTs’) on the benefits and harms of diagnosing and treating GDM
in early pregnancy. This ongoing controversy is reflected in the wide variations in recommendations
for screening for GDM in early pregnancy, varying from universal screening, to selective screening or
no screening recommended *’. The ‘International Association of Diabetes and Pregnancy Study
Groups’ (IADPSG) Consensus Panel initially recommended that a fasting plasma glucose (FPG) 2
5.1mmol/l in early pregnancy be classified as GDM ’. However, this is debatable as the IADPSG
criteria have not been validated in early pregnancy . In addition, FPG generally further drops by the

910 A meta-

end of the first trimester and is therefore a poor predictor for GDM later in pregnancy
analysis of 13 cohort studies, showed that a high proportion of women with GDM can be detected in
early pregnancy and that early-onset GDM women had higher rates of perinatal mortality and
neonatal hypoglycemia compared to late-onset GDM women despite treatment ‘. However, it
remains unclear whether women with mildly increased fasting plasma glucose (FPG 25.1-5.5mmol/l)
in early pregnancy are at increased risk for adverse pregnancy outcomes compared to women with
FPG<5.1mmol/l in early pregnancy. Our aim was therefore to evaluate the characteristics and

pregnancy outcomes of women with mild fasting hyperglycemia in early pregnancy compared to

women with lower fasting glycemia in early pregnancy.



Patients and methods

The Belgian Diabetes in Pregnancy study (BEDIP-N) was a multi-centric prospective cohort study that

| ***°. The study protocol was approved by the Institutional

has previously been described in detai
Review Boards of all participating centers. Participants provided informed consent before inclusion

in the study.

Participants were included between 6-14 weeks and FPG was measured. Participants and health care
providers were not blinded for the FPG result in early pregnancy. Participants with FPG =5.6mmol/|
in early pregnancy were treated in line with normal routine and were excluded from further
analyses. Participants with a FPG <5.6mmol/|, received both a non-fasting 50g glucose challenge test
(GCT) and 75g 2-hour oral glucose tolerance test (OGTT) between 24-28 weeks of pregnancy. During
the study, participants and health care providers were blinded for the result of the GCT. Therefore,
all participants received the OGTT irrespective of the result of the GCT. The diagnosis of GDM was

based on the IADPSG criteria, now commonly referred to as the 2013 WHO criteria for GDM ***2,

Based on the FPG result in early pregnancy and irrespective of the result of the OGTT later in
pregnancy, the cohort could be stratified in the following two groups: women with FPG 25.1-
5.5mmol/I in early pregnancy (high FPG group) and women with FPG <5.1mmol/l in early pregnancy
(low FPG group). In addition, based on the FPG result in early pregnancy and taking into account
whether women were diagnosed with GDM based on the OGTT between 24-28 weeks of pregnancy,
the cohort could be stratified in the following four groups: GDM with FPG 25.1-5.5mmol/l (abnormal
FPG-GDM group), GDM with FPG <5.1mmol/l (normal FPG-GDM group), NGT with FPG >5.1-
5.5mmol/| (high fasting NGT group) and NGT with FPG <5.1mmol/| (low fasting NGT group). NGT
women received no treatment. Women with GDM were treated according to the ADA
recommended glycemic targets . If targets were not achieved within two weeks after the start of

lifestyle measures, insulin was started. Women with GDM were invited for an extra visit 6-16 weeks



postpartum to receive a 75g OGTT and the ADA criteria were used to define diabetes and glucose

intolerance [impaired fasting glycaemia (IFG) and/or impaired glucose tolerance] ***.

In early pregnancy, baseline characteristics and the obstetric history were collected ™. In early
pregnancy and at 24-28 weeks, anthropometric measurements were obtained and several self-
administered questionnaires were completed *2. BP was measured twice with 5 minutes interval
using an automatic BP monitor *2. Based on the BMI measurement in early pregnancy, overweight

was defined as a BMI 225 Kg/m? and obesity as a BMI =230 Kg/m?2.

Data from a questionnaire on lifestyle (completed in early pregnancy and at the time of the OGTT) to
guestion servings per weeks of different important food categories and beverages, was used to
create a diet score '®. Higher consumption of fruit, vegetables, legumes, nuts, whole grains, dairy
and fish, and lower consumption of red meat, sugared beverages, coffee, sauces, sweets and
pastries, were assigned one point. Less healthy consumption was assigned o or -1 points. By
summing up the points for all 14 food groups, the diet score could range from -12 to 15. To assess
physical activity at the time of the OGTT, the international questionnaire on physical activity (IPAQ),
validated for use in the Belgian population, was used '>'’. Results of the IPAQ were reported in
categories (low, moderate or high activity levels). Those who score 'high' engage in vigorous
intensity activity on at least 3 days achieving a minimum total physical activity of at least 1500
metabolic equivalent of task (MET)-minutes a week, or at least 7 days of any combination of walking,
moderate intensity or vigorous intensity activities achieving a minimum total physical activity of at
least 3000 MET-minutes a week. Scoring a moderate level of physical activity are those who engage
on at least 3 days of vigorous intensity activity of at least 20 minutes per day, or at least 5 days of
moderate intensity activity and/or walking of at least 30 minutes per day, or at least 5 days of any
combination of walking, moderate intensity or vigorous intensity activities achieving a minimum
total physical activity of at least 600 MET-minutes a week. Those individuals who do not meet

criteria for moderate or high levels of physical activity are considered 'low".



Between 6-14 weeks of pregnancy, a fasting blood test was performed to measure FPG, insulin, lipid
profile (total cholesterol, HDL —and LDL cholesterol, triglycerides) and HbA;.. The homeostasis
model assessment of insulin resistance (HOMA-IR) and beta-cell function (HOMA-B), were measured
in early pregnancy, as previously described '®. At the time of the OGTT, a fasting lipid profile and
HbA,;. were measured. Glucose and insulin were measured fasting, at 30min, 60min and 120min.
Increase in triglycerides was defined as the difference between the fasting triglycerides measured in
early pregnancy and at the time of the OGTT.?> We used insulin and glucose levels during the OGTT
to calculate the Matsuda index, a measure of whole body insulin sensitivity.'® Different indices of
beta-cell function [HOMA-B, the insulinogenic index divided by HOMA-IR and the insulin secretion-

sensitivity index-2 (1SSI-2)], were also measured, as previously described *#!#2%%2,

The following pregnancy outcomes were collected: gestational age, preeclampsia (de novo BP
>140/90mmHg > 20 weeks with proteinuria or signs of end-organ dysfunction), gestational
hypertension (de novo BP >140/90mmHg > 20 weeks), type of labor and delivery with the
indications, birth weight, macrosomia (>4 Kg), birth weight >4.5Kg, LGA defined as birth weight >90
percentile according to standardized Flemish birth charts adjusted for sex of the baby and parity *,
small-for-gestational age (SGA) defined as birth weight <10 percentile according to standardized
Flemish birth charts adjusted for sex of the baby and parity **, preterm delivery (<37 completed
weeks), 10min Apgar score, shoulder dystocia, neonatal respiratory distress syndrome, neonatal
jaundice, congenital anomalies and admission to the neonatal intensive care unit (NICU) *. A
glycemic value < 2.2mmol/| (irrespective of the need for intravenous administration of glucose
and/or admission on the NICU) was considered as neonatal hypoglycemia across all centers. Testing
for glycemia in the neonate and admission to the NICU was decided by the pediatrician or
neonatologist in line with normal routine in each center. Excessive weight gain was defined
according to the 2009 Institute of Medicine (I0M) guidelines **. Early weight gain was calculated as
the difference in weight between first prenatal visit and the time of the OGTT. Total weight gain was

calculated as the difference in weight between first prenatal visit and delivery.



The analyzes of FPG at 6-14 weeks and glucose measurements of the OGTT were performed locally
at each center. Glucose was analyzed immediately after the blood sample was taken. Analyzes of
GCT’s, insulin, lipids and HbA,. levels were performed centrally at the laboratory of UZ Leuven and
these results were not communicated to participants and health care providers during the study.
The blood samples for these tests were stored locally at -20°C for three months before
transportation to the lab of UZ Leuven. Plasma glucose was measured by an automated colorimetric-
enzymatic method on a Hitachi/Roche-Modular P analyzer. Insulin was measured by the
immunometric ECLIA (Roche Modular E170). HbA;. was measured by Tosoh Automated
Glycohemoglobin Analyzer HLC-723G8. Lipid levels were measured by the immunoassay analyzer
Cobas 8000 (Roche). Coefficients of variance are 1% for glucose, 6% for insulin, about 2% for lipids

and 2% for HbA,. in the Lab of UZ Leuven.

Statistical analysis

Continuous variables were presented as mean with standard deviation if normally distributed, or as
median with interquartile range otherwise, categorical variables as percentage. The Chi-square test
was used for comparing groups on categorical variables, or the Fisher exact test in case of low (<5)
cell frequencies. The Mann-Whitney U test or Kruskal Wallis test was used for comparing two or
multiple groups, respectively, on continuous variables. A multivariable logistic regression model was
used to assess the difference between groups with regard to NICU admission, correcting for

confounders. Results were reported as odds ratios with 95% confidence intervals.

A p-value <0.05 (two-tailed) was considered significant. Given the large number of statistical tests
performed, no correction for multiplicity was applied in order to maintain sufficient power. Analyzes

were performed by statistician A. Laenen using SAS software (version 9.4).



Results

Study cohort

FPG was measured at 11.9 +1.8 weeks in 2006 women. Of the total cohort, 19 (0.9%) were excluded
from further screening because of an FPG>5.6mmol/l in early preghancy (17 women had IFG and
two women had overt diabetes). Participants with FPG >5.6mmol/l in early pregnancy had a profile
similar to the metabolic syndrome with significantly higher BMI, waist circumference, BP, insulin
resistance and fasting triglycerides compared to women with FPG<5.6mmol/| (Table 1). In'addition,
106 (5.3%) participants exited the study before 24 weeks of pregnancy because of a medical reason
such as a miscarriage (46), stopped at own request (38) or were lost to follow-up (22). Of all women
who prematurely ended the study due to a medical reason (46), three women (6.5%) had a FPG in
early pregnancy >5.1-5.5mmol/l . This was not significantly different compared to the group who

ended the study prematurely due to a non-medical reason (4.1%, p=0.643).

The characteristics of women who exited the study before 24 weeks of pregnancy were in general
similar to women who received further screening, except for a significantly higher rate of women
with an ethnic minority background, lower education and higher rate with a family history of

diabetes in the group who stopped prematurely (Table 2).

Of all participants (1838) with both a FPG measurement in early pregnancy and a 75g OGTT later in
pregnancy, 78 (4.2%) had a FPG 25.1-5.5mmol/I of which 49 (2.7%) had a normal OGTT later in
pregnancy (Figure 1). Sensitivity of FPG in early pregnancy to predict GDM was only 37.2% (29 out of
78 women with a FPG > 5.1-5.5mmol/l in early pregnancy developed GDM later in pregnancy)

(Figure 1).
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Clinical characteristics and pregnancy outcomes of the high FPG group compared to the low FPG

group

Compared to the low FPG group (1760), the high FPG group (78) had a more adverse metabolic
profile (with significantly higher rates of smoking during pregnancy, previous history of GDM and
impaired glucose tolerance, significantly higher BMI, significantly more insulin resistance and
impaired insulin secretion, and higher glucose levels on the OGTT). The rate of excessive gestational
weight gain was similar between both groups (Table 3). Pregnancy outcomes were similar between
both groups except for a significantly higher rate of NICU admissions in the high FPG group
compared to the low FPG group (20.8% vs. 9.7%, p=0.002), without significant differences in the
duration of admission or the indication for NICU admission (Table 3). The NICU admission rate in the
high FPG group remained significant higher [OR 2.30 (95% ClI 1.23-4.28), p=0.009] after adjustment

for smoking, BMI in early pregnancy and glucose levels at the time of the OGTT.

Clinical characteristics and pregnancy outcomes of the high fasting NGT group compared to the

low fasting NGT group

Compared to high fasting NGT women (1560), women in the low fasting NGT group (49) were
significantly older, with a higher BMI, significantly higher insulin resistance and more impaired
insulin secretion, higher non-fasting glucose levels at the GCT and higher FPG and 30 min glucose

levels at the OGTT (Table 4).

Total gestational weight gain was significantly lower in the high fasting NGT group compared to the
low fasting NGT group (11.0 £ 6.1 Kg vs; 12.2 + 5.0 kg, p=0.037), but the rates of excessive
gestational weight gain were similar between both groups (Table 4). Pregnancy outcomes were not
significantly different between both groups [such as inductions, preterm delivery, cesarean sections,
LGA and neonatal hypoglycemia], except for a significantly higher rate of NICU admissions in the

high fasting NGT group compared to the low fasting NGT group [20.4% (10) vs. 9.3% (143), p=0.009],

11



with no significant difference in duration (7.0+8.6 vs. 8.4+14.3 days, p= 0.849) or indication of NICU
admissions between both groups (Table 4). The most frequent indication for NICU admission in the
high fasting NGT group was respiratory distress syndrome (30.3% vs. 20.3% in the low fasting NGT
group, p=0.711). None of the participants in the high fasting NGT group had a NICU admission due to
neonatal hypoglycemia (Table 4). The NICU admission rate in the high fasting NGT group remained
significant higher [OR 2.47 (95% Cl 1.18-5.19), p=0.017] after adjustment for age, BMI in early

pregnancy, FPG and 30 min glucose level at the time of the OGTT (Table 5).

The abnormal-FPG GDM and normal-FPG GDM groups compared to the normal NGT group

The abnormal FPG-GDM group had a more adverse metabolic profile (with significantly higher rates
of smoking during pregnancy, higher BMI, higher insulin resistance and more impaired insulin
secretion, and higher glucose levels on the OGTT) compared to the normal FPG-GDM group (Table
6). In contrast, the normal FPG-GDM group had higher rates of labor inductions, cesarean sections
and neonatal hypoglycemia compared to the NGT group, while pregnancy outcomes in the abnormal
FPG-GDM were similar compared to the NGT group except for more NICU admissions [21.4% (6) vs.
9.3% (143), p=0.029] (Table 5). The NICU admission rate in the abnormal FPG-GDM group remained

significant higher [OR 2.83 (95% Cl 1.00-7.97), p=0.049] after adjustment for confounders (Table 5).

Discussion

There is strong evidence that screening and treatment of GDM between 24-28 weeks of pregnancy is
beneficial to reduce adverse pregnancy outcomes >*. However, the management of mild
hyperglycemia in early pregnancy remains controversial. There are no RCT’s available supporting any
benefit of treatment of GDM before 24 weeks of pregnancy. Moreover, a diagnosis of GDM could
also be associated with increased medicalization of pregnancy (with more inductions and cesarean
sections) and an increased risk for SGA infants due to overtreatment. The pilot results of a RCT

comparing pregnancy outcomes among women with booking GDM receiving immediate or deferred
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treatment, showed higher NICU admissions in the treated group (mostly due to SGA) and higher LGA
rates in the untreated group *. Furthermore, it remains unclear which diagnostic criteria should be
used to define GDM in early pregnancy, and whether universal or selective screening should be used

to detect GDM before 24 weeks.

Our study demonstrates that women with higher FPG in early pregnancy (who could be labeled as
GDM according to the IADPSG criteria) have a more adverse metabolic profile and significantly more
NICU admissions compared to women with FPG < 5.1mmol/l in early pregnancy. Moreover, we also
demonstrate that the abnormal FPG-GDM group had a more adverse metabolic profile and higher
NICU admission rate compared to the normal FPG-GDM group. Our analyses show similar data if we
exclude women who develop GDM later in pregnancy, allowing for unbiased evaluation of
pregnancy outcomes since NGT women with FPG >5.1-5.5mmol/l in-early pregnancy received no
treatment. More specifically, we show that the high fasting NGT group, was significantly older with a
higher BMI, more insulin resistance and more impaired insulin secretion compared to the low fasting
NGT group. In addition, we show that the NICU rate (20.4%) in the high fasting NGT group remained
significantly higher after adjustment for confounders such as age, BMI and glucose levels on the
OGTT. The rate of cesarean sections and macrosomia was also higher in the high fasting NGT group
compared to the low fasting NGT group, although this did not reach statistical significance. There
were no significant differences in the duration of NICU admissions nor in the indications for
admissions between both groups. The higher rate of NICU admissions could not be attributed to
neonatal hypoglycemia. We speculate that the increased NICU admission rate might be related to
the respiratory distress syndrome since this was the most frequent indication for NICU admission in
the high fasting NGT group and occurred more frequent than in the low fasting NGT group (although

this did not reach statistical significance).

Our results are in contrast to a recent population based cohort study showing that higher maternal

early-pregnancy non-fasting glucose levels are associated with increased fetal growth rates from late
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pregnancy onwards and increased risk for LGA 2°. We have no data on non-fasting glucose levels in
early pregnancy nor on fetal growth rates, but the high fasting NGT group had significantly higher
non-fasting glucose levels at 24-26 weeks compared to the low fasting NGT group. However, we
could not find a significant difference in the rate of LGA between both groups. This may due to the
small sample size of the high fasting NGT group. A recent French retrospective study showed that
women with GDM who initially had untreated elevated FPG in early pregnancy, had worse
obstetrical outcomes despite treatment. The worse outcome was mostly attributable to risk factors
and suggests therefore that only women with risk factors should be screened for early fasting
hyperglycemia *’. The differences with our study might be related to the lower degree of fasting
hyperglycemia in our population since women with a FPG =5.6mmol/l were treated and excluded
from our analysis. The impact of isolated hyperglycemia in early pregnancy on later development of

type 2 diabetes remains to be investigated.

Our study results are relevant for clinical practice as more women are identified with mild
hyperglycemia in early pregnancy due to increased screening for overt diabetes, as recommended by
most guidelines. In addition, when provision of an OGTT is limited such as in the Covid-19 pandemic,
using FPG in early pregnancy could be an easy alternative to determine who is at increased risk for

adverse pregnancy outcomes.

Observational studies have shown that a high proportion (15-70%) of women with GDM can be
detected early in pregnancy depending on the setting, criteria used and screening strategy .
However, studies show conflicting results as to whether screening and treatment of GDM in early
pregnancy is beneficial compared to screening later in pregnancy. Some studies have shown that
despite treatment, early-onset GDM women have more adverse pregnancy complications than late-
onset GDM women *, while other studies demonstrated similar short-term obstetrical outcomes in

28,29

both groups or improved outcomes in the early screening group *°. Moreover, recent RCT’s in

obese women demonstrated that early screening for GDM could not improve obstetrical outcomes
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3132 Evidence from large RCT’s is urgently needed, also evaluating lower risk populations to

determine appropriate early-pregnancy OGTT thresholds for the diagnosis of GDM and to assess the
impact of early treatment on obstetrical outcomes and long-term offspring health. Several RCT’s are

currently ongoing *.

The DALI (‘Vitamin D AND Lifestyle Intervention for Gestational diabetes mellitus Prevention’) study
in obese women showed that by using an OGTT with the IADPSG criteria in early pregnancy, women
identified as early-onset GDM had a profile similar to the metabolic syndrome **. Pre-pregnancy BMI
was a strong predictor of early GDM, suggesting that weight control before pregnancy is needed **.
This is in line with our study, showing that women with a FPG>5.6 mmol/I'in early pregnancy, have a

metabolic syndrome profile.

Several studies have shown that FPG in early pregnancy isa poor predictor for GDM later in
pregnancy **%**. A large Chinese study has shown that a FPG between 6.1-6.9mmol/l was a much
better predictor of the development of GDM and that for their population at least, a FPG 2
5.1mmol/l at first prenatal visit could not be supported as the criterion for diagnosis of GDM °. More
recently, a French retrospective study showed that only half of women with elevated FPG in early
pregnancy, subsequently developed GDM *’. Our data confirm that FPG in early pregnancy is a poor
predictor for GDM since only 37% of all women with an elevated FPG, developed GDM later in

pregnancy. FPG alone can therefore not be recommended as an independent risk factor for GDM.

The maturity-onset diabetes of the young MODY-2, can be first revealed during pregnancy
masquerading as GDM *°. These women generally present with FPG >5.6mmol/I in early pregnancy
and/or GDM later in pregnancy (diagnosed by FPG >5.1mmol/l). Although we did not systematically
screen for MODY-2 in our cohort, we consider it very unlikely that women in the high fasting NGT
group had MODY-2 since this group had relatively low FPG levels in early pregnancy and a normal

OGTT later in pregnancy.
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Strenghts of our study are the large prospective cohort with detailed data on clinical characteristics
and obstetrical outcomes. In addition, NGT women with isolated fasting hyperglycemia in early
pregnancy were not treated, allowing for unbiased evaluation of pregnancy outcomes. A limitation
of our study is the small sample size of the group with higher FPG in early pregnancy. We only have
data on FPG in early pregnancy since an OGTT was only performed between 24-28 weeks of
pregnancy. Although we included a general pregnant population (11% of all pregnant women
attending the centers during the study period), some bias in recruitment is likely since the
prevalence of women with an ethnic minority background is lower compared to the background

Flemish pregnant population™.

In conclusion, we show that women with mild fasting hyperglycemia in early pregnancy, have a more
adverse metabolic profile and a higher NICU admission rate compared to NGT women with lower
FPG in early pregnancy. When provision of an OGTT is limited such as in the Covid-19 pandemic,
using FPG in early pregnancy could be an easy alternative to determine who is at increased risk for

adverse pregnancy outcomes
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Table 1: Comparison of group with fasting plasma glucose 25.6mmol/I in early pregnancy and group with fasting plasma

glucose <5.6mmol/ in early pregnancy

FPG 25.6mmol/| FPG<5.6mmol/I| p-value
N=19 N=1976
Mean age (years) 323+4.4 30.8+4.1 0.10
Mean Pre-pregnancy BMI (Kg/m?) 31.1+7.2 24.1+4.7 <0.001
Pre-pregnancy overweight 27.8 (5) 22.1 (416)
Pre-pregnancy obesity 50.0(9) 10.9 (205)
Mean BMI at first visit (Kg/m?) 31.0+6.9 24.7 +4.7 <0.001
Overweight at first visit 31.6 (6) 25.2 (495)
Obesity at first visit 47.4 (9) 12.9 (254)
Waist circumference at first visit (cm) 104.8+21.4 87.1+11.4 <0.001
Waist 280-88cm 5.3(1) 35.3 (668)
Waist >88cm 84.2 (16) 39.3(743)
ethnic minorities 26.3 (5) 10.6 (207) 0.08
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Highest education: <0.001
primary school 0.0 (0) 1.2 (24)

till 15 years 5.3 (1) 4.6 (90)

high school 53.5(9) 12.3 (231)

bachelor 29.4 (5) 41.9 (799)

master 11.8(2) 35.7 (680)

Smoking before pregnancy 38.9(7) 29.3 (575) 0.37
Smoking during pregnancy 5.3(1) 3.8 (74) 0.73
First degree family history of diabetes 44 .4 (8) 12.8 (246) <0.001
Second degree family history of diabetes 66.7 (12) 43.9 (702) 0.05
History of GDM* 30.2 (36) 5.3 (40) <0.001
History of impaired glucose intolerance 17.6 (3) 1.4 (23) <0.001
History of macrosomia* 20.0(3) 11.6 (112) 0.32
Systolic blood pressure first visit (mmHg) 125.1+14.3 115.0+ 10.6 0.002
Diastolic blood pressure first visit (mmHg) 76.3+10.5 70.6+8.2 0.01
Systolic hypertension first visit 15.8 (3) 2.1(41) <0.001
Diastolic hypertension first visit 15.8 (3) 1.8 (36) <0.001
Fertility treatment 10.5(2) 14.6 (238) 0.62
PCOS 5.3(1) 7.2 (141) 0.75
Multiparity 78.9 (15) 47.5 (938) 0.006
Fasting glycaemia (mmol/I) at first visit 5.7 (5.6-6.2) 4.6 (4.3-4.7) <0.001
HbA1c (%) at first visit 5.4 (5.1-5.5) 5.0 (4.8-5.1) <0.001
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Total cholesterol (mmol/1) at first visit 4.8 (4.3-5.2) 4.7 (4.2-5.3) 0.91
HDL-cholesterol (mmol/l) at first visit 1.3(1.2-1.8) 1.8 (1.5-2.0) 0.004
LDL-cholesterol (mmol/l) at first visit 2.5(2.0-2.9) 2.4 (2.0-2.9) 0.49
Triglycerides (mmol/I) at first visit 1.3 (1.0-1.5) 1.0 (0.8-1.3) 0.004
HOMA-IR at first visit 23.1(14.0-33.2) 9.4 (6.6-13.4) <0.001
HOMA-B at first visit 716.2 (477.7-1153.8) 924.9 (672.7-1293.0) 0.12

FPG: fasting plasma glucose; Categorical variables are presented as frequencies %(n); continuous variables are presented as mean +SD if normally distributed and as median

+1QR if not normally distributed; overweight: BMI >25-29.9 Kg/m?; obesity: BMI 230 Kg/m?; hypertension: blood pressure systolic > 140 mmHg or diastolic 290 mmHg;

PCOS: polycystic ovarian syndrome; HOMA-IR: homeostatic model assessment of insulin resistance; HOMA-B: homeostatic model assessment of beta-cell function; ** A

history of GDM and a history of a macrosomic baby were calculated on the number of women with a previous pregnancy; Analyzes are considered significant at p-value

<0.05;
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Table 2: Comparison of women who stopped before 24 weeks with women who received further screening 224 weeks

Group stopped <24 weeks Group screening 224 weeks p-value
N=106 N=1900
Mean age (years) 30.4+4.5 30.8+4.1 0.22
Mean Pre-pregnancy BMI (Kg/m?) 24.4+5.0 24.1+4.7 0.72
Pre-pregnancy overweight 23.2 (23) 22.1 (400)
Pre-pregnancy obesity 14.1 (14) 11.1 (201)
Mean BMI at first visit (Kg/m?) 249+4.9 247 +4.7 0.84
Overweight at first visit 25.0 (26) 25.2 (476)
Obesity at first visit 17.3 (18) 13.1(247)
Waist circumference at first visit (cm) 87.2+13.0 87.3+11.6 0.84
Waist 280-88cm 23.5(24) 35.7 (647)
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Waist >88cm 44.1 (45) 39.5(717)

ethnic minorities 23.5 (24) 10.0 (189) <0.001
Highest education: 0.01
primary school 2.9 (3) 1.1 (21)

till 15 years 5.9 (6) 4.6 (86)

high school 23.4 (22) 11.9 (219)

bachelor 33.0(31) 42.2 (775)

master 28.7 (27) 35.8 (657)

Smoking before pregnancy 30.4 (31) 29.5 (556) 0.84
Smoking during pregnancy 6.9 (7) 3.6 (68) 0.09
First degree family history of diabetes 15.0 (15) 13.0 (240) 0.56
Second degree family history of diabetes 55.4 (51) 43.5 (666) 0.02
History of GDM* 9.3 (5) 9.3 (85) 0.10
History of impaired glucose intolerance 2.2 (2) 1.5 (25) 0.61
History of macrosomia* 5.6 (3) 12.1(112) 0.15
Systolic blood pressure first visit (mmHg) 115.3+10.9 115.1+10.7 0.10
Diastolic blood pressure first visit (mmHg) 71.5+8.7 70.6+8.2 0.27
Fertility treatment 10.5(11) 14.8 (281) 0.22
PCOS 4.8 (5) 7.2 (137) 0.33
Multiparity 48.6 (51) 47.6 (904) 0.85
Fasting glycaemia (mmol/I) at first visit 4.6 (4.3-4.8) 4.6 (4.3-4.7) 0.44
HbA1c (%) at first visit 5.0 (4.8-5.1) 5.0 (4.8-5.1) 0.86
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Total cholesterol (mmol/1) at first visit 4.6 (4.0-5.3) 4.7 (4.2-5.3) 0.61
HDL-cholesterol (mmol/l) at first visit 1.7 (1.5-2.0) 1.8 (1.5-2.0) 0.38
LDL-cholesterol (mmol/l) at first visit 2.4 (1.9-2.9) 2.4 (2.0-2.9) 0.68
Triglycerides (mmol/I) at first visit 1.1(0.8-1.4) 1.0 (0.8-1.3) 0.25
HOMA-IR at first visit 9.9 (7.1-14.4) 9.4 (6.6-13.5) 0.17
HOMA-B at first visit 1011.0 (697.5-1381.8) 918.0 (668.0-1290.9) 0.35

Categorical variables are presented as frequencies %(n); continuous variables are presented as mean +SD if normally distributed and as median * IQR if not normally

distributed; overweight: BMI 225-29.9 Kg/m?; obesity: BMI 230 Kg/m?; PCOS: polycystic ovarian syndrome; HOMA-IR: homeostatic model assessment of insulin resistance;

HOMA-B: homeostatic model assessment of beta-cell function; ** A history of GDM and a history of a macrosomic baby were calculated on the number of women with a

previous pregnancy; Analyzes are considered significant at p-value <0.05;

28




Table 3: Characteristics and pregnancy outcomes of the total cohort stratified according to fasting plasma glucose in

early pregnancy

FPG >5.1-5.5mmol/I FPG <5.1mmol/I P
High FPG-group Low FPG-group
N=78 N=1760
General
Age (years) 31.9+5.0 30.7+4.0 0.087
% Ethnic minorities 89.6 (69) 90.4 (1582) 0.806
% multiparity 51.3 (40) 47.0 (828) 0.463
% Highest education: 0.480
primary school 1.3(1) 1.2 (20)
till 15 years 1.3(1) 4.6 (79)

29




high school 21.6 (16) 17.1 (296)
bachelor 44.6 (33) 41.3 (714)
master 31.1(23) 35.9 (621)
% paid job 89.7 (70) 91.5 (1601) 0.591
% low monthly net income family <1500 euro 9.2 (7) 4.2 (72) 0.120
% 1500-5000 euro
% >5000 euro 6.8 (66) 89.7 (1542)

3.9(3) 6.1 (105)
%living without partner 24.4 (19) 17.4 (305) 0.117
% smoking before pregnancy 33.8 (26) 29.0 (508) 0.367
% smoking during pregnancy 9.0 (7) 3.3(58) 0.008
% First degree family history of diabetes 9.1(7) 12.9 (220) 0.331
% First degree family history of GDM 4.1 (3) 4.4(72) 1.000
% History of GDM 20.0 (8) 8.1 (68) 0.009
%History of impaired glucose intolerance 5.8 (4) 1.1 (16) <.001
% History of macrosomia >4Kg 11.5(9) 5.9 (104) 0.126
% history of PCOS 6.5 (5) 7.1(125) 0.833
6-14 weeks visit
Week first visit with FPG 115+19 119+1.8 0.184
BMI (Kg/m?) 27.1%5.6 24.6+4.6 <.001
% Overweight 33.3(26) 25.1 (439) <.001
% Obesity 25.6 (20) 11.9 (209)
Waist circumference (cm) 90.9+13.8 86.9+11.1 0.008
% Waist 280cm 80.5 (62) 74.8 (1258) 0.059
Weight gain (first visit till OGTT) (Kg) 6.35+4.0 7.12+3.3 0.013
Systolic blood pressure (mmHg) 117.5+£10.9 114.9 £ 10.6 0.022
Diastolic blood pressure (mmHg) 72.3+7.9 70.5+8.2 0.064
Total Score lifestyle
Physical activity 1.0 (0.0-2.0) 1.0 (0.0-2.0) 0.101
Diet 1.5 (0.0-5.0) 2.0 (0.0-4.0) 0.702
Fasting glycaemia (mmol/l) 5.2 (5.1-5.3) 4.5 (4.3-4.7) <.001
Fasting insulin (pmol/I) 66.3 (47.2-89.3) 45.5 (33.1-63.7) <.001
HOMA-IR 15.4 (11.1-20.8) 9.2 (6.5-13.0) <.001
HOMA-B 794.7 (562.9-1039.0) 927.4 (675.4-1307.08) 0.001
HbA1c (mmol/mol and %) 32.0(31.0-34.0) 31.0 (29.0-41.0) <.001
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5.1 (5.0-5.3) 5.0 (4.8-5.9)
Fasting Total cholesterol (mmol/I) 4.5 (4.1-5.1) 4.7 (4.2-5.3) 0.142
Fasting HDL (mmol/I) 1.7 (1.4-1.9) 1.8 (1.5-2.0) 0.008
Fasting LDL (mmol/I) 2.4(2.0-2.8) 2.4(2.0-2.9) 0.902
Fasting TG (mmol/I) 1.0 (0.8-1.4) (1.0 (0.8-1.3) 0.529
24-28 weeks visit
BMI (Kg/m2) 29.3+5.7 27.1+45 <.001
% Overweight 35.1(27) 40.3 (690) 0.008
% Obesity 39.0(30) 22.2 (380)
Systolic blood pressure (mmHg) 1148.0.7 £11.2 113.3+10.2 0.372
Diastolic blood pressure (mmHg) 68.4+7.4 67.2+8.0 0.114
Total score lifestyle
Physical activity 2.0 (0.0-3.0) 1.0 (0.0-2.0) 0.015
Diet 1.5 (0.0-4.0) 2.0 (0.0-4.0) 0.612
IPAQ low 12.5 (9) 16.8 (285) 0.322
Glucose non-fasting 0 min on GCT (mmol/I) 5.3+1.0 49+0.9 <.001
Glucose 60 min on GCT (mmol/I) 7.2+15 6.7+15 0.002
Fasting glycaemia (mmol/I) 4.9 (4.6-5.1) 4.3 (4.1-4.6) <.001
30 min glucose OGTT (mmol/I) 7.4 (6.9-8.4) 7.0 (6.3-7.8) <.001
1-hour glucose OGTT (mmol/l) 7.7 (6.5-8.8) 7.1(6.1-8.2) 0.003
2-hour glucose OGTT (mmol/l) 6.6 (5.8-7.6) 6.2 (5.2-7.2) 0.001
Fasting insulin (pmol/I) 72.4 (56.4-102.2) 63.6 (46.0-87.7) 0.051
30 min insulin OGTT (pmol/l) 519.3 (348.7-771.8) 499.4 (356.1-690.6) 0.777
1-hour insulin OGTT (pmol/l) 586.4 (432.1-878.7) 562.3 (389.2-798.1) 0.253
2-hour insulin OGTT (pmol/I) 561.0 (409.2-788.2) 502.0 (340.6-740.4) 0.344
HbAlc 32.0(30.0-34.0) 30.0 (29.0-32.0) <.001
(mmol/mol and %) 5.1(4.9-5.3) 4.9 (4.8-5.1)
Matsuda insulin sensitivity 0.5(0.3-0.6) 0.6 (0.4-0.8) <.001
HOMA-IR 15.7 (11.3-22.3) 12.2 (8.7-17.4) <.001
HOMA-B 1110.0 (871.2-1435.9) 1590.1 (1139.1-2286.0) 0.003
ISSI-2 0.1(0.1-0.2) 0.1(0.1-0.2) 0.015
Insulinogenic index/HOMA-IR 0.2 (0.1-0.3) 0.3(0.2-0.4) <.001
Fasting Total cholesterol (mmol/1) 6.1(5.7-6.8) 6.3 (5.6-7.1) 0.620
Fasting HDL (mmol/I) 1.8 (1.5-2.0) 1.9 (1.6-2.2) 0.021
Fasting LDL (mmol/I) 3.5(3.0-4.0) 3.4 (2.9-4.1) 0.895
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Fasting TG (mmol/I) 2.0 (1.5-2.5) 1.8 (1.5-2.3) 0.176
Increase (difference) in TG between first and second visit | 0.9 (0.6-1.3) 0.8 (0.5-1.1) 0.175
(mmol/I)

Delivery

Total Weight gain (first visit till delivery) (Kg) 9.9+5.9 11.8+5.1 <.001
% excessive weight gain 32.4 (23) 29.3 (450) 0.508
Gestational age (weeks) 39.0+1.9 39.2+1.6 0.355
% Preeclampsia 2.6 (2) 1.7 (30) 0.393
% Gestational hypertension 6.5 (5) 4.1(72) 0.306
% Preterm delivery 10.4 (8) 5.4 (94) 0.061
% Induction labor 29.9 (23) 27.0(473) 0.579
Reason induction 0.868
Fetal pathology 8.7 (2) 12.1(57)

Maternal pathology 39.1(9) 32.1(151)

Planned delivery 13.0 (3) 12.3 (58)

Post-term 34.8 (8) 31.7 (149)

Premature ruptures of membranes 4.3 (1) 11.7 (55)

% Forceps or vacuum 13.0(10) 12.3(215) 0.855
% Cesarean sections (total) 23.4 (18) 21.0(367) 0.613
% Planned CS 11.7 (9) 10.5 (184) 0.743
Reason planned CS

Fetal pathology 0.0 (0) 7.0(12)

Feto-pelvic disproportion 0.0 (0) 4.1 (7)

Malpresentation 0.0 (0) 38.6 (66)

Maternal pathology 44 .4 (4) 7.6 (13)

Maternal request 0.0 (0) 2.3 (4)

Placenta praevia 11.1 (1) 4.1 (7)

Scarred uterus 33.3(3) 18.7 (32)

other 11.1 (1) 17.5(30)

% Emergency CS (during labor) 11.7 (9) 10.5 (183) 0.730
Reason Emergency CS 0.279
Cervix dilatation stagnation 11.1 (1) 27.4 (49)

Fetal heart rate abnormalities 55.6 (5) 29.6 (53)

A mix of both 11.1 (1) 2.2 (4)

Feto-pelvic disproportion 0.0 (0) 14.0 (25)
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Hemorrhage 0.0 (0) 1.1(2)

Planned CS performed during labor 0.0 (0) 6.1(11)

other 22.2(2) 19.5 (35)

% Postpartum blood loss 0.761
>500ml 23.4(18) 20.6 (356)

>1000m! 26(2) 2.6 (45)

Weight baby (g) 3386.1+524.6 3390.1 + 505.1 0.951
% Macrosomia (>4Kg) 11.7 (9) 9.0 (158) 0.432
% Weight baby >4.5Kg 1.3(1) 1.2 (21) 0.615
% LGA 15.6 (12) 12.7 (222) 0.459
% SGA 6.5 (5) 4.9 (86) 0.537
% Apgar 10min <7 1.3(1) 0.8 (15) 0.496
%Shoulder dystocia 0.0 (0) 1.1 (20) 1.000
% Congenital anomaly 1.3(1) 4.5 (78) 0.255
% Respiratory Distress syndrome 1.3(1) 0.9 (16) 0.522
% Neonatal hypoglycemia <40mg/dl 3.2(2) 5.8 (68) 0.575
Neonatal jaundice 12.8 (6) 18.7 (233) 0.442
% NICU admission 20.8 (16) 9.7 (169) 0.002
Days on NICU 6.1+7.5 8.3+135 0.548
%Reason NICU admission: 0.718
Respiratory distress syndrome or cyanosis 28.6 (4) 21.6 (36)

cardiovascular 7.1(1) 4.2 (7)

prematurity 21.4 (3) 30.5 (51)

hypoglycemia 0.0 (0) 7.8 (13)

fever 7.1(1) 4.8 (8)

infection 0.0 (0) 7.2(12)

observation 14.3 (2) 8.4 (14)

other 21.4 (3) 15.6 (26)

FPG: fasting plasma glucose; NGT: normal glucose tolerance; GDM: gestational diabetes mellitus; Categorical variables are presented as frequencies %(n); continuous

variables are presented as mean #SD if normally distributed and as median + IQR if not normally distributed; overweight: BMI >25-29.9 Kg/m?; obesity: BMI 230 Kg/m?; TG:

33



triglycerides: HOMA-IR: homeostatic model assessment of insulin resistance; HOMA-B: homeostatic model assessment of beta-cell function; ISSI-2: the insulin secretion
sensitivity-2 index; A history of GDM and a history of a macrosomic baby (>4Kg) were calculated on the number of women with a previous pregnancy; LGA: large-for-

gestational age infant; SGA: small-for-gestational age infant; NICU: neonatal intensive care unit; Differences are considered significant at p-value <0.05;
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Table 4: Characteristics and pregnancy outcomes in NGT groups stratified according to fasting plasma glucose in early

pregnancy
NGT with FPG >5.1-5.5mmol/I NGT with FPG <5.1mmol/I p
High fasting NGT group Low fasting NGT group
N=49 N=1560
General
Age (years) 32.1+4.7 30.6+3.9 0.035
% Ethnic minorities 4.2 (2) 8.4 (130) 0.426
% multiparity 46.9 (23) 46.5 (725) 0.949
% Highest education: 0.968
primary school 0(0) 1.0 (15)
till 15 years 1(2.0) 4.4 (68)

35




high school 18.4 (9) 16.9 (259)
bachelor 42.9 (21) 42.0 (654)
master 36.7 (18) 35.7 (549)
% paid job 95.9 (47) 91.6 (1424) 0.283
% low monthly net income family <1500 euro 4.1(2) 4.1 (62) 0.870
% 1500-5000 euro
% >5000 euro 91.8 (45) 89.6 (1367)
4.1(2) 6.3 (96)

%living without partner 22.4 (11) 16.8 (261) 0.242
% smoking before pregnancy 34.7 (17) 28.2 (438) 0.321
% smoking during pregnancy 6.1 (3) 3.1 (49) 0.210
% First degree family history of diabetes 4.2 (2) 10.2 (151) 0.224
% First degree family history of GDM 2.2 (1) 4.1 (59) 1.000
% History of GDM 8.3(2) 5.2 (38) 0.364
%History of impaired glucose intolerance 9.3 (4) 0.7 (10) <0.001
% History of macrosomia >4Kg 13.0(3) 11.4 (85) 0.740
% history of PCOS 8.3 (4) 7.4 (115) 0.778
6-14 weeks visit
Week first visit with FPG 11.6+2.0 11.9+1.8 0497
BMI (Kg/m?) 25.9+4.4 24.3+4.5 0.004
% Overweight 32.6 (16) 24.6 (382) 0.141

10.8 (168)
% Obesity 18.3 (9)
Waist circumference (cm) 87.6112.4 86.5+10.9 0.418
% Waist 280cm 75.0 (36) 74.1 (1107) 0.418
Weight gain (first visit till OGTT) (Kg) 6.3%4.2 7.143.3 0.047
Systolic blood pressure (mmHg) 117.3+10.7 114.7+10.4 0.068
Diastolic blood pressure (mmHg) 71.347.9 70.318.1 0.474
Total Score lifestyle 1.0 2.0 0.817

(0.0-5.0) (0.0-4.0)
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Fasting glycaemia (mmol/I) 5.2 (5.1-5.2)) 4.5 (4.3-4.7) <0.001
Fasting insulin (pmol/I) 64.7 (47.2-84.2) 45.0 (32.7-62.8) <0.001
HOMA-IR 14.7 (11.1-19.5) 9.0 (6.4-12.7) <0.001
HOMA-B 761.4(562.9-977.8) 926.7(672.7-1293.1) 0.002
HbA1lc (mmol/mol and %) 31.0(31.0-33.0) 31.0(29.0-32.0) <0.001
5.0 (5.0-5.2) 5.0 (4.8-5.1)
Fasting Total cholesterol (mmol/l) 4.6 (4.1-5.1) 4.7 (4.2-5.2) 0.391
Fasting HDL (mmol/I) 1.7 (1.5-1.9) 1.8(1.5-2.0) 0.051
Fasting LDL (mmol/I) 2.5(78.0-2.8) 2.4(2.0-2.9) 0.730
Fasting TG (mmol/I) 1.0(0.7-1.2) 1.0(0.8-1.2) 0.614
24-28 weeks visit
BMI (Kg/m?) 28.1+4.4 26.9+4.4 0.025
% Overweight 38.78 (19) 40.1 (609) 0.050
% Obesity 35.7 (17) 20.7 (315)
Systolic blood pressure (mmHg) 112.949.8 113.1+10.1 0.889
Diastolic blood pressure (mmHg) 67.814.5 67.0+7.9 0.306
Total score lifestyle 2.0 (0-4.0) 2.0 (0-4.0) 0.887
IPAQ low 10.9 (5) 16.5 (247) 0354
Glucose non-fasting 0 min on GCT (mmol/I) 5.2+0.8 4.9 +0.9 0.010
Glucose 60 min on GCT (mmol/I) 6.710.1 6.5+0.1 0.169
Fasting glycaemia (mmol/I) 4.7(4.5-4.9) 4.3(4.1-4.5) <0.001
30 min glucose OGTT (mmol/l) 7.2(6.8-7.9) 6.9(6.2-7.6) 0.003
1-hour glucose OGTT (mmol/l) 7.1(6.1-8.1) 6.8(5.9-7.8) 0.142
2-hour glucose OGTT (mmol/I) 6.3(5.6-7.2) 6.0(5.1-6.9) 0.106
Fasting insulin (pmol/I) 64.7(53.4-85.5) 62.2(45.2-84.9) 0.899
30 min insulin OGTT (pmol/l) 556.6(356.7-763.0) 498.3(354.4-685.7) 0.753
1-hour insulin OGTT (pmol/I) 582.1(428.4-828.8) 546.4(374.9-766.8) 0.633
2-hour insulin OGTT (pmol/1) 500.2(370.5-723.0) 478.3(319.9-684.5) 0.838
HbA1lc 31.0(29.0-32.0) 30.0(29.0-32.0) 0.002
(mmol/mol and %) 5.0(4.8-5.1) 4.9(4.8-5.1)
Matsuda insulin sensitivity 0.50(0.39-0.70) 0.59(0.42-0.81) 0.015
HOMA-IR 13.8(10.9-18.7) 11.9(8.6-16.7) 0.395
HOMA-B 1121.0(879.3-1392.6) 1620.0(1148.6-2309.5) 0.018
ISSI-2 0.12(0.07-0.21) 0.14(0.08-0.25) 0.067
Insulinogenic index/HOMA-IR 0.068

0.28(0.23-0.38)

0.33(0.24-0.47)
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Fasting Total cholesterol (mmol/I) 6.2(5.8-7.0) 6.3(5.6-7.1) 0.760
Fasting HDL (mmol/I) 1.9(1.3-2.1) 1.9(1.6-2.2) 0.164
Fasting LDL (mmol/I) 3.5(3.0-4.2) 3.4(2.9-4.2) 0.422
Fasting TG (mmol/I) 1.9(1.5-2.5) 1.8(1.4-2.3) 0.301
Increase (difference) in TG between first and second visit | 0.9(0.6-1.4) 0.8(0.5-1.1) 0.056
(mmol/I)

Delivery

Total Weight gain (first visit till delivery) (Kg) 11.046.1 12.245.0 0.037
% excessive weight gain 34.8 (16) 30.9 (421) 0.822
Gestational age (weeks) 39.2+2.2 39.3+1.6 0.857
% Preeclampsia 4.1(2) 1.7 (27) 0.221
% Gestational hypertension 6.1(3) 4.2 (65) 0.460
% Preterm delivery 10.2 (5) 5.2(81) 0.129
% Induction labor 26.5 (13) 25.9 (402) 0.919
Reason induction 0.513
Fetal pathology 15.4 (2) 13.4 (54)

Maternal pathology 7.7 (1) 25.6 (103)

Planned delivery 15.4 (2) 13.2 (53)

Post-term 53.8(7) 35.1(141)

Premature ruptures of membranes 7.7 (1) 12.7 (51)

% Forceps orvacuum 16.3 (8) 12.2 (190) 0.394
% Cesarean sections (total) 30.6 (15) 19.9 (309) 0.067
% Planned CS 18.4 (9) 10.0 (155) 0.057
Reason planned CS 0.006
Fetal pathology 0(0) 7.0 (10)

Feto-pelvic disproportion 0(0) 4.2 (6)

Malpresentation 0(0) 41.5 (59)

Maternal pathology 44.4 (4) 7.7 (11)

Maternal request 0(0) 2.8 (4)

Placenta praevia 11.1 (1) 4.2 (6)

Scarred uterus 33.3(3) 14.8 (21)

other 11.1 (1) 17.6 (25)

% Emergency CS (during labor) 12.2 (6) 9.9 (154) 0.595
Reason Emergency CS 0.143
Cervix dilatation stagnation 0(0) 26.3 (140)
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Fetal heart rate abnormalities 66.7 (4) 29.6 (45)
A mix of both 16.7 (1) 2.6 (4)
Feto-pelvic disproportion 0 (00) 14.5 (22)
Hemorrhage 0(0) 0.7 (1)
Planned CS performed during labor 0(0) 6.6 (10)
other 16.7 (1) 19.7 (30)
% Postpartum blood loss 0.152
>500ml
>1000ml 30.6 (15) 20.4 (312)

0(0) 2.5(39)
Weight baby (g) 3411.4+605.7 3397.8+506.6 0.589
% Macrosomia (>4Kg) 16.3 (8) 9.2 (143) 0.095
% Weight baby >4.5Kg 2.0 (1) 1.3 (20) 0.482
% LGA 16.3 (8) 12.8 (198) 0.466
% SGA 8.2 (4) 4.9 (76) 0.306
% Apgar 10min <7 2.0(1) 0.9 (14) 0375
%Shoulder dystocia 0(0) 1.2 (18) 1.000
% Congenital anomaly 0(0) 4.4 (68) 0.267
% Respiratory Distress syndrome 2.0(1) 0.9 (14) 0.376
% Neonatal hypoglycemia <40mg/dl 5.4 (2) 4.0 (39) 0.657
Neonatal jaundice 17.9 (5) 18.9 (210) 1.000
% NICU admission 20.4 (10) 9.3 (143) 0.009
Days on NICU 7.0£8.6 8.4114.3 0.849
%Reason NICU admission: 0.207
Respiratory distress syndrome or cyanosis 30.3(3) 20.3 (29)
cardiovascular 10.0 (1) 2.8 (4)
prematurity 10.0 (1) 14.7 (21)
hypoglycemia 0(0) 1.4(2)
fever 0(0) 5.6 (8)
infection 0(0) 12.6 (18)
observation 20.0(2) 11.9(17)
other 20.0(2) 10.5 (15)
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FPG: fasting plasma glucose; NGT: normal glucose tolerance; GDM: gestational diabetes mellitus; Categorical variables are presented as frequencies %(n); continuous
variables are presented as mean +SD if normally distributed and as median * IQR if not normally distributed; overweight: BMI >25-29.9 Kg/m?; obesity: BMI 230 Kg/m?; TG:
triglycerides: HOMA-IR: homeostatic model assessment of insulin resistance; HOMA-B: homeostatic model assessment of beta-cell function; ISSI-2: the insulin secretion
sensitivity-2 index; A history of GDM and a history of a macrosomic baby (>4Kg) were calculated on the number of women with a previous pregnancy; LGA: large-for-

gestational age infant; SGA: small-for-gestational age infant; NICU: neonatal intensive care unit; Differences are considered significant at p-value <0.05;
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Table 5: Overview of the risk for NICU admission between the different GDM and NGT groups stratified according to

fasting plasma glucose level in early pregnancy

Comparison Odds ratio (95% Cl) p-value
high fasting NGT group vs. low fasting NGT group 2.47 (1.18-5.19) 0.017
high fasting NGT group vs. normal FPG-GDM 1.67 (0.73-3.81) 0.222
high fasting NGT group vs. abnormal FPG-GDM 0.87 (0.27-2.88) 0.826
normal FPG-GDM vs. abnormal FPG-GDM 0.52 (0.18-1.50) 0.228
normal FPG-GDM vs. low fasting NGT group 1.48 (0.89-2.45) 0.127
abnormal FPG-GDM vs. low fasting NGT group 2.83(1.00-7.97) 0.049

NGT: normal glucose tolerance; high fasting NGT group: NGT with FPG 5.1-5.5 mmol/l in early pregnancy; low fasting NGT group: NGT with FPG <5.1 mmol/l in early

pregnancy; NICU: neonatal intensive care unit; FPG: fasting plasma glucose; GDM: gestational diabetes mellitus; Cl: confidence interval. Pairwise comparisons were

corrected for the following confounders: age, BMI in early pregnancy, fasting glycaemia and 30 min glucose level at the time of the OGTT.
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Table 6: Characteristics and pregnancy outcomes in GDM groups stratified according to fasting plasma glucose in early

pregnancy
GDM-FPG 25.1-5.5 | GDM- FPG<5.1 NGT- P p p
FPG
N=29 N=200 (10.9%) <5.1
(1.6%) Normal group
Group 2 N=1560 (84.9.% )
Group 1 Group 3
1vs2 lvs3 2vs3
General
Age (years) 31.545.5 32.1+4.5 30.6+3.9 0.298 0.531 <0.001
% Ethnic minorities 20.7 (6) 18.7 (37) 8.4 (136) 0.322 0.179 <0.001
% multiparity 58.6 (17) 51.5(103) 46.5 (725) 0.473 0.194 0.180
% Highest education: 0.007 <0.001 0.300
3.6 (1) 2.5(5) 1.0 (15)
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primary school

0(0) 1.0(2) 1.7 (27)
till 15 years

14.3 () 28.8 (57) 10.4 (430)
high school

42.9 (12) 36.9 (69) 43.0 (654)
bachelor

17.9 (5) 38.5(72) 36.2 (550)
master
% paid job 79.3 (23) 90.3 (177) 91.6 (1424) 0.079 0.019 0.530
% low monthly net income family <1500 euro 18.5 (5) 5.1(10) 4.1 (62) 0.052 <0.001 0.044
% >5000 euro/months

3.7 (1) 4.6(9) 6.3 (96)
%living without partner 27.6 (8) 22.2 (44) 16.8 (261) 0.076 <0.001 0.314
% smoking before pregnancy 32.1(9) 35.2 (70) 28.2 (438) 0.752 0.646 0.041
% smoking during pregnancy 13.8 (4) 4.5 (9) 3.1 (49) 0.044 0.002 0.307
% First degree family history of diabetes 15.4 (4) 18.9 (35) 10.2 (151) 0.522 0.967 0.119
% First degree family history of GDM 7.1(2) 7.3 (13) 4.1 (59) 0.982 0.416 0.049
% History of GDM 37.5(6) 29.1 (30) 5.2 (38) 0.498 <0.001 <0.001
%History of impaired glucose intolerance 0(0) 3.4 (6) 0.7 (10) 0.341 0.657 0.001
% History of macrosomia >4Kg 29.4 (5) 13.6 (14) 11.4 (85) 0.098 0.023 0.518
% history of PCOS 3.4 (1) 5.0 (10) 7.4 (115) 0.715 0.419 0.215
6-14 weeks visit
Week first visit with FPG 11.4+1.9 12.0+1.6 11.9+1.8 0.142 0.200 0.695
BMI (Kg/m?) 29.016.8 26.1+5.0 24.314.5 0.032 <0.001 <0.001
% Overweight 34.5 (10) 28.6 (57) 24.6 (382) 0.139 <0.001 <0.001
% Obesity 37.9(11) 20.6 (41) 10.8 (168)
Waist circumference (cm) 96.4+14.5 90.3%12.6 86.5+10.9 0.340 0.018 0.006
% Waist 280cm 89.7 (26) 80.3 (188) 74.1(1107) 0.340 0.018 0.006
Weight gain (first visit till OGTT) (Kg) 6.513.7 6.913.4 7.1+3.3 0314 0.089 0.198
Systolic blood pressure (mmHg) 117.9+11.4 116.1+11.6 114.7+10.4 0.471 0.099 0.111
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Diastolic blood pressure (mmHg) 74.0£7.9 71.949.0 70.318.1 0.205 0.013 0.011

Total Score lifestyle 2.0 2.0 2.0 0.413 0.341 0.902
(1.0-6.0) (0.0-4.0) (0.0-4.0)

Fasting glycaemia (mmol/l) 5.2 4.6 4.5 <0..001 <0.001 <0.001
(5.2-5.4) (4.4-87.0) (4.3-4.7)

Fasting insulin (pmol/I) 73.1 50.1 45.0 0.006 <0.001 <0.001
(51.2-98.5) (37.7-75.4) (32.7-62.8)

HOMA-IR 16.6 10.4 9.0 <0.001 <0.001 <0.001
(12.2-22.6) (7.7-14.8) (6.4-12.7)

HOMA-B 898.8 954.0 926.7 0.109 0.191 0.313
(578.1-1108.5) (686.6-1359.5) (672.7-1293.1)

HbA1c (mmol/mol and %) 33.0 31.0 31.0 0.056 <0.001 <0.001
(31.0-34.0) (30.-33.0) (29.0-32.0)
5.2 5.0 5.0
(5.0-5.3) (4.9-5.2) (4.8-5.1)

Fasting Total cholesterol (mmol/I) 4.3 4.8 4.7 0.049 0.334 0.004
(4.1-5.2) (4.3-5.5) (4.2-5.2)

Fasting HDL (mmol/I) 1.5 1.8 1.8 0.103 0.060 0.741
(1.4-1.9) (1.5-2.0) (1.5-2.0)

Fasting LDL (mmol/I) 2.3 2.5 2.4 0.224 0.714 0.020
(2.0-2.8) (2.1-3.0) (2.0-2.9)

Fasting TG (mmol/I) 1.1 1.1 1.0 0.802 0.022 <0.001
(0.9-1.4) (0.9-1.5) (0.8-1.2)

24-28 weeks visit

BMI (Kg/m?) 31.4+7.1 28.7t4.8 26.9t4.4 0.072 <0.001 <0.001

% Overweight 28.6 (8) 42.2 (81) 40.1 (609) 0.018 <0.001 <0.001

% Obesity 45.5 (13) 33.9 (65) 20.7 (315)

Systolic blood pressure (mmHg) 117.7+12.7 114.5+11.0 113.1+10.1 0.251 0.067 0.194

Diastolic blood pressure (mmHg) 69.417.3 68.918.5 67.0+£7.9 0.831 0.084 <0.001

Total score lifestyle 1.0 2.0 (0-4.0) 2.0 (0-4.0) 0.635 0.481 0.695
(-1.0-3.0)

IPAQ low 15.4 (4) 19.7 (38) 16.5 (247) 0.793 0.814 0.484

Glucose non-fasting 0 min on GCT (mmol/I) 5.7+1.1 5.4+1.2 4909 0.198 <0.001 <0.001

Glucose 60 min on GCT (mmol/I) 8.1+0.1 8.1+0.1 6.5+0.1 0.975 <0.001 <0.001
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Fasting glycaemia (mmol/I) 5.3 4.6 4.3 <0.001 <0.001 <0.001
(5.1-5.4) (4.3-5.1) (4.1-4.5)

30 min glucose OGTT (mmol/l) 8.4 8.2 6.9 0.862 <0.001 <0.001
(7.2-9.3) (7.4-8.9) (6.2-7.6)

1-hour glucose OGTT (mmol/l) 8.8 9.7 6.8 0.005 <0.001 <0.001
(7.4-9.6) (8.6-10.4) (5.9-7.8)

2-hour glucose OGTT (mmol/I) 7.8 8.7 6.0 0.004 <0.001 <0.001
(6.5-8.6) (7.8-9.3) (5.1-6.9)

Fasting insulin (pmol/I) 99.7 80.2 62.2 0.051 <0.001 <0.001
(71.0-139.6) (56.9-118.7) (45.2-84.9)

30 min insulin OGTT (pmol/I) 407.3 536.0 498.3 0.573 0.696 0.009
(292.4-771.8) (389.9-780.2) (354.4-685.7)

1-hour insulin OGTT (pmol/I) 723.4 707.3 546.4 0.639 0.021 <0.001
(444.0-953.1) (517.8-1057.0) (374.9-766.8)

2-hour insulin OGTT (pmol/l) 677.2 814.7 478.3 0.161 <0.001 <0.001
(521.1-1001.2) (567.8-1176.0) (319.9-684.5)

HbA1c 33.0 32.0 30.0 0.004 <0.001 <0.001

(mmol/mol and %) (31.0-36.0) (30.0-33.0) (29.0-32.0)
5.2 5.1 4.9
(5.0-5.4) (4.9-5.2) (4.8-5.1)

Matsuda insulin sensitivity 0.37 0.39 0.59 0.446 <0.001 <0.001
(0.23-0.49) (0.26-0.50) (0.42-0.81)

HOMA-IR 22.3(15.4-33.8) 16.8 (11.2-25.5) 11.9 0.004 <0.001 <0.001

(8.6-16.7)

HOMA-B 1092.9 1376.3 1620.0 0.067 0.075 0.167
(763.4-1576.5) (1063.9-2145.0) (1148.6-2309.5)

ISSI-2 0.10 0.09 0.14 0.751 0.036 <0.001
(0.04-0.17) (0.05-0.16) (0.08-0.25)

Insulinoge- 0.14 0.21 0.33 <0.001 <0.001 <0.001

nic index/ (0.12-0.18) (0.17-0.30) (0.24-0.47)

HOMA-IR

Fasting Total cholesterol (mmol/1) 6.0 6.3 6.3 0.187 0.254 0.572
(5.4-7.0) (5.6-7.0) (5.6-7.1)

Fasting HDL (mmol/I) 1.8 1.9 1.9 0.105 0.032 0.267
(1.3-1.9) (1.6-2.1) (1.6-2.2)

Fasting LDL (mmol/I) 3.3 3.4 3.4 0.445 0.401 0.790
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(2.8-3.6) (2.9-4.0) (2.9-4.2)
Fasting TG (mmol/I) 2.1 2.0 1.8 0.642 0.132 <0.001
(1.5-2.4) (1.6-2.6) (1.4-2.3)
Increase (difference) in TG between first and second visit | 0.8 0.9 0.8 0.339 0.902 0.003
(mmol/1) (0.5-1.3) (0.6-1.3) (0.5-1.1)
Delivery
Total Weight gain (first visit till delivery) (Kg) 8.0+4.9 8.745.0 12.245.0 0.453 <0.001 <0.001
% excessive weight gain 28.0(7) 16.7 (29) 30.9 (421) 0.380 0.144 <0.001
Gestational age (weeks) 38.8+1.4 38.9+1.5 39.3 0.463 0.026 <0.001
+1.6
% Preeclamp- 0 (0) 1.5(3) 1.7 (27) 0.513 0.482 0.816
sia
% Gestational hypertension 7.1(2) 3.5(7) 4.2 (65) 0.357 0.440 0.659
% Preterm delivery 10.7 (3) 6.5(13) 5.2 (81) 0.418 0.200 0.443
% Induction labor 35.7 (10) 35.7 (71) 25.9 (402) 0.997 0.240 0.003
Reason induction 0.871 0.004 <0.001
Fetal pathology 0(0) 4.4 (3) 13.4 (54)
Maternal pathology 80.0(8) 70.6 (48) 25.6 (103)
Planned delivery 10.0 (1) 7.3 (5) 13.2 (53)
Post-term 10.0 (1) 11.8 (8) 35.1(141)
Premature ruptures of membranes 0(0) 5.6 (4) 12.7 (51)
% Forceps or vacuum 7.1(2) 12.6 (25) 12.2 (190) 0.407 0.412 0.899
% Cesarean sections (total) 10.7 (3) 29.1 (58) 19.9 (309) 0.039 0.225 0.003
% Planned CS 0(0) 14.6 (29) 10.0 (155) 0.031 0.078 0.047
Reason planned CS 0.116 0.206 0.206
Fetal pathology NA 6.9 (2) 7.0 (10)
Feto-pelvic disproportion 3.4 (1) 4.2 (6)
Malpresentation 24.1(7) 41.5 (59)
Maternal pathology 6.9 (2) 7.7 (11)
Maternal request 0(0) 2.8 (4)
Placenta praevia 3.4(1) 4.2 (6)
Scarred uterus 37.9 (11) 14.8 (21)
other 17.2 (5) 17.6 (25)
% Emergency CS (during labor) 10.7 (3) 14.6 (29) 9.9 (154) 0.583 0.675 0.044
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Reason Emergency CS 0.973 0.983 0.739

Cervix dilatation stagnation 33.3(1) 33.3(9) 26.3 (140)

Fetal heart rate abnormalities 33.3(0) 29.6 (8) 29.6 (45)

A mix of both 0(0) 0(0) 2.6 (4)

Feto-pelvic disproportion 0(0) 11.1(3) 14.5 (22)

Hemorrhage 0 (0) 3.7 (1) 0.7 (1)

Planned CS performed during labor 0(0) 3.7 (1) 6.6 (10)

other 33.3(1) 18.5 (5) 19.7 (30)

% Postpartum blood loss 0.235 0.168 0.773

>500ml 10.7 (3) 22.1 (44) 20.4 (312)

>1000m!| 7.1(2) 3.0(6) 2.5(39)

Weight baby (g) 3341.8 3330 3397.8 0.936 0.399 0.060
+345.3 +490.5 +506.6

% Macrosomia (>4Kg) 3.6 (1) 7.6 (15) 9.2 (143) 0.439 0.302 0.443

% Weight baby >4.5Kg 0(0) 0.5 (1) 1.3 (20) 0.707 0.545 0.337

% LGA 14.3 (4) 12.1 (24) 12.8(198) 0.737 0.814 0.773

% SGA 3.6(1) 5.0 (10) 4.9 (76) 0.737 0.744 0.947

% Apgar 10min <7 0(0) 0.5 (1) 0.9 (14) 0.712 0.957 0.836

%Shoulder dystocia 0 (0) 1.0(2) 1.2 (18) 0.594 0.566 0.843

% Congenital anomaly 3.6 (1) 5.0 (10) 4.4 (68) 0.734 0.830 0.683

% Respiratory Distress syndrome 0(0) 1.0 (2) 0.9 (14) 0.594 0.613 0.893

% Neonatal hypoglycemia <40mg/dl 0(0) 16.2 (29) 4.0 (39) 0.029 0.620 <0.001

Neonatal jaundice 5.3(1) 17.2 (23) 18.9 (210) 0311 0.229 0.725

% NICU admission 21.4 (6) 13.1(26) 9.3 (143) 0.234 0.029 0.087

Days on NICU 4.015.2 7.318.1 8.4+14.3 0.405 0.399 0.946
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%Reason NICU admission:

respiratory
cardiovascular
prematurity
hypoglycaemia
fever

infection
observation
other

16.7 (1)
16.7 (1)
33.3(2)
0(0)
16.7 (1)
0(0)
0(0)
0(0)

26.9 (7)
3.8(1)
26.9 (7)
23.1 (6)
0 (0)
3.8(1)
3.8(1)
11.5 (3)

20.3(29)
2.8 (4)
14.7 (21)
1.4 (2)
5.6 (8)
12.6 (18)
11.9 (17)
10.5 (15)

0.369

0.942

0.050

FPG: fasting plasma glucose; NGT: normal glucose tolerance; GDM: gestational diabetes mellitus; Categorical variables are presented as frequencies %(n); continuous

variables are presented as mean +SD if normally distributed and as median % IQR if not normally distributed; overweight: BMI >25-29.9 Kg/m?; obesity: BMI 230 Kg/m?; TG:

triglycerides: HOMA-IR: homeostatic model assessment of insulin resistance; HOMA-B: homeostatic model assessment of beta-cell function; ISSI-2: the insulin secretion

sensitivity-2 index; A history of GDM and a history of a macrosomic baby (>4Kg) were calculated on the number of women with a previous pregnancy; LGA: large-for-

gestational age infant; SGA: small-for-gestational age infant; NICU: neonatal intensive care unit; Differences are considered significant at p-value <0.05;
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Figure 1: Overview of the cohort
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