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A B S T R A C T

Aims. – In addition to screening for hyperglycaemia during pregnancy after 24 weeks of gestation (WG),

the current guidelines also suggest screening in early pregnancy and referring women with early

gestational diabetes mellitus (eGDM) or overt diabetes (OD) for immediate care. Our aim was to evaluate

this strategy.

Methods. – This study evaluated, at our hospital (2012–2016), whether the incidence of a predefined

composite outcome (preeclampsia, large-for-gestational-age infant, shoulder dystocia) and secondary

outcomes was different when women were screened only after 22WG (‘late screening only’) or before

22WG and treated for eGDM or OD if present, with repeat screening after 22WG if absent (‘early � late

screening’).

Results. – Early � late screening (n = 4605, 47.0%) increased between 2012 and 2016 (P < 0.0001) and was

associated with more risk factors for GDM than late screening only. Glycaemic status differed in both groups

(early � late screening: eGDM 10.3%, GDM 12.1%, OD 0.9% vs. late screening only: GDM 16.8%, OD 1.2%;

P < 0.001), with a higher rate of insulin therapy (8.9% vs. 6.0%; P < 0.001) and less gestational weight gain

(11.1 � 5.4 kg vs. 11.4 � 5.5 kg; P = 0.013) in the early � late screening group. Rates of those meeting the

composite criterion were similar in both groups [11.6% vs. 12.0%, respectively; odds ratio (OR): 1.040, 95%

confidence interval (CI): 0.920–1.176; P = 0.53] and remained comparable after adjusting for Propensity

Scores (OR: 1.046, 95% CI: 0.924–1.185; P = 0.4790). Rates for secondary outcomes were also similar in both

groups.

Conclusion. – While a strategy including early measurement of fasting plasma glucose during pregnancy

increases the incidence and care of hyperglycaemia during pregnancy, it may not significantly improve

pregnancy outcomes.
�C 2018 Elsevier Masson SAS. All rights reserved.
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Introduction

Hyperglycaemia in pregnancy includes both gestational
diabetes mellitus (GDM) and overt diabetes (OD) [1], also called
‘diabetes in pregnancy’ [2]. The OD category was introduced in the
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International Association of Diabetes and Pregnancy Study
Groups (IADPSG) recommendations [1] to capture unknown but
preexistent type 2 diabetes (T2D) in pregnancy [1], and is now
widely used [2,3].

Hyperglycaemia in pregnancy typically appears in the second half of
pregnancy when insulin resistance increases [4]. However, waiting for
24 weeks of gestation (WG) to diagnose OD leads to a delay in diabetes
care that could result in severe obstetric outcomes [5–8]. Therefore,
screening at the first prenatal visit was advised in IADPSG recommen-
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Abbreviations

1h-PG plasma glucose value 1 hour after 75-g oral glucose

tolerance test

2h-PG plasma glucose value 2 hours after 75-g oral glucose

tolerance test

eGDM early gestational diabetes mellitus

FPG fasting plasma glucose

GDM gestational diabetes mellitus

IADPSG International Association of Diabetes and Pregnan-

cy Study Groups

OGTT oral glucose tolerance test

SD standard deviation

WG weeks of gestation
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dations as well as in other guidelines [1–3,9–12]. Early hyperglycaemia
during pregnancy, also called ‘early GDM’ (eGDM) [13,14], is diagnosed
when glucose levels in early pregnancy are between normal and OD
glucosevalues;thehigher the fastingplasmaglucose(FPG) valueduring
early pregnancy, the greater the incidence of adverse pregnancy
outcomes [15,16]. Therefore, it was recommended that women with
eGDM – including those with OD – be referred for immediate care
[1,3,9–12]. As the condition has become more common, it has led to
‘medicalized’ pregnancies previously categorized as normal [8,14].

However, at present, no randomized controlled trial has tested
the benefit–cost ratio for screening and treatment in early
pregnancy of various degrees of hyperglycaemia that may be less
severe than OD, although some studies are currently ongoing
[8,14,17]. Just as our team determined in a previous study [18],
experts from the IADPSG also recently concluded that normative
data regarding glycaemia in early pregnancy, and the consequen-
ces of its detection and treatment, are urgently required and
should be a priority for future research [19]. Thus, the present
study was designed to partly address this issue by exploring, in a
Fig. 1. Flow chart of study inclusion/exclusion criteria. eGDM: early gestational di
large series of women, whether screening for hyperglycaemia
during early pregnancy with eGDM/OD treatment, or planning for
repeat screening at 22WG if normal, is indeed associated with
better pregnancy outcomes compared with late screening only.

Materials and methods

Participants

This single-centre observational study was conducted at our
university hospital in a suburban area of Paris, France, based on the
electronic medical records of women delivering at our hospital, as
obstetric data at birth are routinely entered into the database by
the midwife assisting with the delivery. These data were checked
and collected during hospitalization in the obstetric department by
a midwife (I.P.) qualified in data management and collection
[20]. In addition, from November 2014 to late October 2016, data
on screening for hyperglycaemia during pregnancy were prospec-
tively collected and retrospectively analyzed for the January
2012 to October 2014 period.

As per French law, all patients in hospital waiting rooms and
hospital bedrooms were informed that their medical data could be
used for research purposes unless they opposed such use. Also, it
should be noted that, for observational studies, neither consent nor
approval of the ethics committee is required (articles L.1121-1
paragraph 1 and R1121-2 of the Public Health Code). However, all data
were analyzed anonymously, and our database was declared to the
French Committee for Computerized Data [Commission Nationale de
l’Informatique et des Libertés (CNIL), number 1704392v0].

Study inclusion and non-inclusion criteria are presented in
Fig. 1 (flow chart): women had to be aged 18–50 years, have a
singleton pregnancy, and no personal history of either diabetes or
bariatric surgery. In addition, in the absence of either eGDM or OD,
women were included only if they had been screened after 22WG.
Finally, the presence or absence of screening before 22WG had to
be known in order to allocate women to ‘early � late screening’ or
‘late screening only’ groups, respectively.
abetes mellitus; GDM: gestational diabetes mellitus; WG: weeks of gestation.
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Glycaemic status during pregnancy and care of dysglycaemia

Our study defined hyperglycaemia during pregnancy according
to IADPSG criteria [1], as those guidelines have been endorsed in
France [10]. The prevalence of risk factors in our population was
particularly high [20], and our policy was to universally screen
women both at the beginning of pregnancy and after 24WG if prior
screening was normal or not done. However, this decision was taken
at the discretion of healthcare providers, as the most recent national
guidelines have suggested a selected screening strategy for women
at high risk of pathological events [10]. Early screening was limited
to FPG testing, while late screening included a 75-g oral glucose
tolerance test (OGTT), with measurement of FPG and plasma glucose
levels at 1 and 2 h after glucose intake (1h-PG and 2h-PG,
respectively) [10]. In addition, a final screening by OGTT could
have been prescribed if either macrosomia or hydramnios was
present and no previous hyperglycaemia had been diagnosed [10].

eGDM was defined as FPG between 5.1 and 6.9 mmol/L (92 and
125 mg/dL) before a threshold time of 22WG, rather than 24WG, to
avoid considering women screened only by OGTT a few weeks
before 24WG as having had early screening only. OD was defined
as FPG � 7.0 mmol/L (126 mg/dL) and/or 2h-PG � 11.1 mmol/L
(200 mg/dL) at any time. Typical GDM was defined as FPG 5.1–
6.9 mmol/L (92–125 mg/dL) and/or 1h-PG � 10.0 mmol/L
(180 mg/dL) and/or 2h-PG 8.4–11.0 mmol/L (153–199 mg/dL)
during OGTT performed after 22WG [21].

Women with hyperglycaemia during pregnancy were immedi-
ately referred to a multidisciplinary team comprising a diabetolog-
ist, obstetrician, midwife, dietitian and nurse educator [10]. All
received individualized dietary advice and self-monitoring of blood
glucose education, with recommendations for six tests per day, and
were followed-up every 2 to 4 weeks and started on insulin therapy
if fasting and/or 2-h postprandial glucose levels were > 5.3 mmol/L
and/or 6.6 mmol/L (95 mg/dL and/or 120 mg/dL), respectively,
according to French guidelines [10]. Oral hypoglycaemic agents are
never used in France during pregnancy. Obstetric care was managed
according to French recommendations [10], and was similar in
women with hyperglycaemia, whereas those with OD were further
examined for the presence of retinopathy and also underwent
resting electrocardiography (ECG).

Endpoints

The main predefined study endpoint was the occurrence of a
GDM-related event. The composite outcome included at least one
of the following events:

� preeclampsia (blood pressure � 140/90 mmHg on two recor-
dings 4 h apart and proteinuria � 300 mg/24 h or 3 + or more
on dipstick testing of a random urine sample);

� large-for-gestational-age (LGA) newborn (birth weight > 90th
percentile for the standard French population) [22]; and;

� shoulder dystocia, defined as requiring the use of obstetric
manoeuvres (McRoberts episiotomy after delivery of the fetal
head, suprapubic pressure, posterior arm rotation to an oblique
angle, rotation of the infant by 180 degrees, delivery of the
posterior arm) [23].

Also considered was a secondary composite endpoint which
further included neonatal hypoglycaemia, defined as at least one
blood glucose value < 2.0 mmol/L (36 mg/dL) during the first two
days of life [24].

Each of the above-mentioned events were then considered
separately, as were also: caesarean sections; small-for-gestational-
age (SGA) newborns (birth weight < 10th percentile for the
standard French population) [22]; preterm (before 37 completed
weeks) delivery; offspring hospitalization (admission to neonatal
intensive care unit); respiratory distress syndrome (based on the
clinical course, chest X-ray findings, blood-gas and acid-base
values); intrauterine fetal or neonatal (within the first 24 h of life)
death; any malformation; and hyperbilirubinaemia, defined as the
need for neonatal phototherapy. Finally, gestational weight gain
during pregnancy (difference between weight at time of delivery
and self-reported weight before pregnancy) and the need for
insulin at the time of delivery were also considered.

Statistical analyses

Our study hypothesis was that early � late screening would be
associated with a reduction in GDM-related events compared with
late screening only. Sample size calculations for this hypothesis
included:

� around 50% of women would be screened before 22GW;
� the rate of events would be 11% in the 70% of women with

normal glycaemic status [20], 20% in the 16% of women with
typical GDM [20], 25% in the 12% of women diagnosed and
treated for eGDM, but 40% if left untreated (the late screening
only group) [15,16]; and;

� 30% in women diagnosed and treated early for OD, but 60% in
women diagnosed later with OD [5,6].

Thus, it was estimated that 14.5% of women in the early � late
screening group would experience a GDM-related event compared
with 17.1% of women in the late screening only group. In the end, it
was decided to include 7160 women (3080 in each group) to allow a
power of 80% to detect a 2.6% absolute reduction in the incidence of
GDM-related events.

Baseline continuous variables were expressed as means � s-
standard deviation (SD), and categorical variables as frequencies
(percentages). The two groups (early � late screening vs. late
screening only) were compared using Student’s t-test and Mann–
Whitney test for Gaussian and non-Gaussian continuous variables,
respectively, and Chi2 (x2) and Fisher’s exact tests for categorical
variables. In addition, the rate of GDM-related events was compared
using an inverse probability Propensity-Score weighting method [25]
to reduce or eliminate the effects of confounders associated to eGDM
when using observational data (model 1). Also used was a more
recent approach, known as ‘doubly robust estimation’, which
combines a form of outcome regression with a Propensity-Score
model to estimate the causal effect of exposure on an outcome
[26]. This latter approach (model 2) also considered the a priori risk
factors for outcomes during pregnancy [age, body mass index (BMI),
personal history of hypertension, parity, personal history of
hypertensive disorders and fetal death during pregnancy, ethnicity,
year of delivery, smoking during pregnancy].

All tests were two-sided and used a significance level of P-
values < 0.05. All analyses were carried out using SAS 9.4 software
(SAS Institute, Cary, NC, USA) and R Project 2.8 software (www.
r-project.org).

Results

Characteristics of the study population

Our study included 9795 of the 11,718 women who delivered
between January 2012 and October 2016 at our hospital (Fig. 1). A
total of 4605 women (47.0%) comprised the early � late screening
group (Fig. 2) and, compared with those in the late screening only
group (n = 5190), they were older, had higher BMIs and were more
likely to be working [odds ratio (OR): 1.0910, 95% confidence interval

http://www.r-project.org
http://www.r-project.org


Fig. 2. Main study results. eGDM: early gestational diabetes mellitus; GDM: gestational diabetes mellitus; WG: weeks of gestation; LGA: large for gestational age.
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(CI): 1.0060–1.1836] (Table 1). Those in the early � late screening
group were also more likely to have at least one risk factor for GDM
according to French guidelines [10] (OR: 1.16, 95% CI: 1.06–1.26), to
be obese (OR: 1.21, 95% CI: 1.09–1.35) or overweight (OR: 1.12, 95%
CI: 1.03–1.21), to have a family history of diabetes (OR: 1.14, 95% CI:
1.04–1.25) and a previous pregnancy with GDM or a macrosomic
newborn (Table 1), as well as a history of hypertensive disorder or
fetal death during pregnancy, but were less likely to smoke during
pregnancy (OR: 0.84, 95% CI: 0.71–0.98). Furthermore, the two groups
differed significantly by ethnicity (P < 0.001). Moreover, the propor-
tion of women with early � late screening increased with time, rising
from 35.6% of women delivering in 2012 to 44.5% of those delivering
in 2013, 49.0% in 2014, 51.4% in 2015 and 53.7% in 2016 (P < 0.0001).

Glycaemic status and care during pregnancy
FPG and 1h-PG values after 22WG were higher in the late

screening only group than in the early � late screening group.
Glycaemic status differed in both groups, with a lower prevalence of
hyperglycaemia during pregnancy in the late screening only group
(18.0%) vs. the early � late screening group (23.3%; P < 0.001; Table
2, Fig. 2). The latter group was also more likely to have been treated
with insulin during pregnancy (OR: 1.52, 95% CI: 1.31–1.77) and to
have less gestational weight gain (Table 2).

Outcomes

The rate of those fulfilling the composite endpoint was similar
in the early � late screening vs. late screening only groups (12.0% vs.
11.6%, respectively; OR: 1.04, 95% CI: 0.92–1.18; P = 0.53; Table 3). A
similar result was observed with model 1 (OR: 1.03, 95% CI: 0.91–
1.17; P = 0.60), in which the Propensity Score included the following
variables, associated or not with early screening (Table 1): age; BMI;
occupational status; history of GDM, macrosomia, hypertensive
disorder and/or fetal death during pregnancy; ethnicity; year of
delivery; and smoking status during pregnancy. Similar results were
seen with model 2 (OR: 1.05, 95% CI: 0.92–1.18; P = 0.48), as well as
for rates of other outcomes (Table 3).

In addition, sensitivity analysis considering only the 6656 wom-
en who had at least one risk factor of GDM, according to French
recommendations, was performed. Before Propensity-Score
modelling, the rate of those meeting the composite endpoint
was similar in the early � late screening vs. late screening only
groups (14.3% vs. 13.7%, respectively; OR: 1.05, 95% CI: 0.91–1.21;
P = 0.48; Table 4). The result was similar for model 1 (OR: 1.08, 95%
CI: 0.94–1.25; P = 0.26), in which the Propensity Score included (or
not) variables associated with early screening (Table S1; see
supplementary material associated with this article online): history
of GDM, macrosomia and/or fetal death during pregnancy; ethnicity;
year of delivery; and smoking status during pregnancy. Likewise, the
results were also similar for model 2 (OR: 1.06, 95% CI: 0.92–1.22;
P = 0.43).

Discussion

Screening for hyperglycaemia during early pregnancy is
supposed to allow earlier treatment of diagnosed hyperglycaemia
and, therefore, improve pregnancy outcomes. The present obser-
vational study has shown that a strategy including early
measurement of FPG during pregnancy increases the number of
hyperglycaemia cases from 18.0% to 23.3%. The strategy is also
associated with increased patients’ care and education, with more
insulin therapy and less gestational weight gain in women
screened early in pregnancy compared with those who were
not. Yet, despite this, and even after Propensity-Score modelling
because early screening was associated with risk factors for GDM



Table 1
Characteristics of women screened early, or not, for gestational diabetes mellitus (GDM).

Total Late screening only Early � late screening P

Characteristics n = 9795 n = 5190 n = 4605

Age (years) 30.4 � 5.5 30.2 � 5.6 30.5 � 5.5 < 0.01

Body mass index before pregnancy (kg/m2) 25.0 � 5.1 24.7 � 5.0 25.2 � 5.1 < 0.01

Hypertension before pregnancy (%) 72 (0.7) 39 (0.8) 33 (0.7) 0.840

Parity 2.1 � 1.2 2.1 � 1.2 2.1 � 1.2 0.107

Smoking before pregnancy (%) 1050 (10.7) 585 (11.3) 465 (10.1) 0.061

Obesity (%) 1599 (16.9) 780 (15.6) 819 (18.3) < 0.001

Currently working (%) 3796 (38.8) 1961 (37.9) 1835 (39.9) 0.036

French risk-factor criteria

At least one risk factor (%) 6656 (69.5) 3449 (68.1) 3207 (71.2) < 0.01

Body mass index � 25 kg/m2 (%) 4467 (47.2) 2293 (45.9) 2174 (48.7) < 0.01

Age � 35 years (%) 2321 (23.7) 1198 (23.1)) 1123 (24.4) 0.130

Family history of diabetes (%) 2596 (26.5) 1312 (25.3) 1284 (27.9) < 0.01

Previous pregnancy with GDM < 0.001

First pregnancy (%) 3766 (38.4) 1948 (37.5) 1818 (39.5)

No (%) 5523 (56.4) 3020 (58.2) 2503 (54.3)

Yes (%) 506 (5.2) 222 (4.3) 284 (6.2)

Previous pregnancy with macrosomia < 0.01

First pregnancy (%) 3766 (38.4) 1948 (37.5) 1818 (39.5)

No (%) 5734 (58.5) 3104 (59.8) 2630 (57.1)

Yes (%) 295 (3.0) 138 (2.7) 157 (3.4)

History of hypertensive disorder during pregnancy 0.021

First pregnancy (%) 2631 (26.9) 1354 (26.1) 1277 (27.7)

No (%) 6959 (71.0) 3741 (72.1) 3218 (69.9)

Yes (%) 205 (2.1) 95 (1.8) 110 (2.4)

History of fetal death during pregnancy 0.018

First pregnancy (%) 2631 (26.9) 1354 (26.1) 1277 (27.7)

No (%) 6945 (70.9) 3703 (71.3) 3242 (70.4)

Yes (%) 219 (2.2) 133 (2.6) 86 (1.9)

Ethnicity < 0.001

North African (%) 2869 (29.3) 1500 (28.9) 1369 (29.8)

European (%) 2711 (27.7) 1437 (27.7) 1274 (27.7)

Sub-Saharan African (%) 1888 (19.3) 1050 (20.3) 838 (18.2)

Indian, Pakistani or Sri Lankan (%) 976 (10.0) 459 (8.9) 517 (11.2)

Caribbean (%) 568 (5.8) 307 (5.9) 261 (5.7)

Other (%) 766 (7.8) 429 (8.3) 337 (7.3)

Year of delivery < 0.0001

2012 (%) 1842 (18.8) 1187 (22.9) 655 (14.2)

2013 (%) 1914 (19.5) 1062 (20.5) 852 (18.5)

2014 (%) 2052 (21.0) 1047 (20.2) 1005 (21.8)

2015 (%) 2109 (21.5) 1025 (19.7) 1084 (23.5)

2016 (%) 1878 (19.2) 869 (16.7) 1009 (21.9)

Maternal smoking during pregnancy (%) 678 (6.9) 387 (7.5) 291 (6.3) 0.027
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and GDM-related outcomes, the prognoses were similar whether
women had early � late screening or late screening only. Thus, when
not only women with hyperglycaemia but all women who delivered
are considered, our results suggest that such a universal strategy may
not be useful for improving pregnancy outcomes.

High FPG values have been reported in 7.2–11.9% of women
during the first trimester of pregnancy in various studies
[15,27,28], which is in line with our present results (10.3%). Our
study also reported a 30% increase in hyperglycaemia during
pregnancy when early screening was performed. Similarly, in
Belgium [29] and in the US [30], implementing early screening was
reported to nearly double the number of detected hyperglycaemias
compared with the previous standard two-step approach (Carpen-
ter–Coustan criteria) [30].

Diagnosing eGDM and early OD leads to earlier initiation of
treatment and, indeed, our study found that the use of insulin was
more frequent in women who had been screened early (8.9%)
compared with those who had not (6.0%), with rates of 42.3% and
30.3%, respectively, among women with hyperglycemia in both
groups. This is consistent with the increased need for insulin in
cases of eGDM compared with typical GDM [30–36], probably
because the women who experience eGDM are characterized by a
metabolic syndrome profile [14], greater insulin resistance [37,38]
and more lifelong glycaemic exposure [39] than women with
typical GDM. It is also possible that the lower gestational weight
gain observed was the result of lifestyle education [40]. As in other
studies [31–33,36], our study found that gestational weight gain
was less in the early � late screening than in the late screening only
group, driven by a reduction of gestational weight gain in women
with hyperglycaemia (data not shown).

Our initial hypothesis was that earlier diagnosis of hyper-
glycaemia during pregnancy would improve pregnancy outcomes
through earlier intervention with diet/physical activity, and insulin
therapy when needed, in women with eGDM and OD. However,
one observational study comparing treated women with eGDM
and those with typical GDM showed a similar prognosis for both
groups [32]. Nevertheless, several other studies have shown a
poorer prognosis for women with eGDM compared with typical
GDM [8,31,33,36,41,42].

Our present study compared women who had been screened
early with those who were not, irrespective of their glycaemic
status. Therefore, our study also included women with normal
glycaemic status. This point appears to be crucial, as eGDM is not
persistent throughout pregnancy. In fact, fewer than half the
patients with FPG in the 5.1–6.9 mmol/L (92–125 mg/dL) range in
early pregnancy present thereafter with GDM, according to IADPSG



Table 2
Glycaemic status of women screened early, or not, for gestational diabetes mellitus (GDM).

Total Late screening only Early � late screening P

n = 9795 n = 5190 n = 4605

Screening

Before 22 W G

Gestational age (WG) 12.3 � 4.2 NA 12.3 � 4.2 –

Fasting plasma glucose (mg/dL) 82.8 � 9.2 NA 82.8 � 9.2 –

Screening after 22 W G:

Gestational age (WG) 27.7 � 3.7 28.0 � 3.8 27.4 � 3.6 < 0.001

Fasting plasma glucose (mg/dL) 79.8 � 9.5 80.5 � 10.4 79.0 � 8.2 < 0.001

1-h plasma glucose (mg/dL) 126.6 � 33.3 127.4 � 34.2 125.6 � 32.1 0.0104

2-h plasma glucose (mg/dL) 110.5 � 28.1 110.9 � 29.3 110.0 � 26.5 0.157

Screening for macrosomia or hydramniosa

Fasting plasma glucose (mg/dL) 78.8 � 10.0 79.1 � 9.0 78.6 � 10.8 0.695

1-h plasma glucose (mg/dL) 141.0 � 30.5 139.0 � 31.4 142.9 � 29.7 0.288

2-h plasma glucose (mg/dL) 120.2 � 30.2 120.2 � 30.2 120.2 � 30.3 0.992

Glycaemic status < 0.001

No GDM 7784 (79.5) 4254 (82.0) 3530 (76.7)

Early GDM 474 (4.8) 0 474 (10.3)

Typical GDM 1432 (14.6) 873 (16.8) 559 (12.1)

Overt diabetes 105 (1.1) 63 (1.2) 42 (0.9)

Events during pregnancy

Gestational weight gain (kg) 11.3 � 5.5 11.4 � 5.5 11.1 � 5.4 0.0129

Insulin therapy (%) 723 (7.4) 313 (6.0) 410 (8.9) < 0.0001

WG: weeks of gestation; NA: not applicable.
a In 130 women in late screening only group, in 155 women in early�late screening group.

Table 3
Pregnancy-related outcomes in women screened early, or not, for gestational diabetes mellitus (GDM).

Total Late screening only Early � late screening P

n = 9795 n = 5190 n = 4605

Primary composite criterion

Preeclampsia, LGA newborn, shoulder dystocia (%) 1155 (11.8) 602 (11.6) 553 (12.0) 0.53

Secondary composite criterion

Preeclampsia, LGA newborn, shoulder dystocia, neonatal hypoglycaemia (%) 1210 (12.4) 638 (12.3) 572 (12.4) 0.85

Maternal events

Preeclampsia (%) 182 (1.9) 107 (2.1) 75 (1.6) 0.11

Caesarean section (%) 2046 (20.9) 1055 (20.3) 991 (21.5) 0.15

Neonatal events

LGA (%) 974 (9.9) 498 (9.6) 476 (10.3) 0.22

SGA (%) 967 (9.9) 520 (10.0) 447 (9.7) 0.60

Birth weight (g) 3295 � 507 3291 � 503 3300 � 511 0.38

Shoulder dystocia (%) 15 (0.2) 6 (0.1) 9 (0.2) 0.31

Term at delivery (WG) 36.89 � 3.08 36.67 � 3.13 37.20 � 3.00 0.25

Preterm delivery (%) 520 (5.3) 281 (5.4) 239 (5.2) 0.62

Offspring hospitalization (%) 1796 (18.4) 940 (18.1) 856 (18.6) 0.55

Respiratory distress syndrome (%) 437 (4.5) 223 (4.3) 214 (4.6) 0.41

Intrauterine fetal or neonatal death (%) 23 (0.2) 13 (0.3) 10 (0.2) 0.73

Any malformation (%) 97 (1.0) 50 (1.0) 47 (1.0) 0.78

Neonatal hypoglycaemia (%) 71 (0.9%) 41 (1.0%) 30 (0.8%) 0.47

Neonatal hyperbilirubinaemia (%) 193 (2.0) 106 (2.0) 87 (1.9) 0.59

LGA/SGA: large/small for gestational age; WG: weeks of gestation.
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criteria, even with no intervention between the two evaluations
[27,28]. This was also illustrated by our present results: if eGDM
were consistent throughout pregnancy, then the prevalence of
abnormal glucose metabolism would have been similar whether or
not an initial screening was performed early in pregnancy. Indeed,
women in the late screening only group with unknown eGDM
would have been diagnosed with typical GDM after 22WG if eGDM
was persistent, although this may have been different if OGTT and
not only FPG had been measured in early pregnancy. Thus, women
with typical GDM are not comparable to women with eGDM, as
50% of the latter eventually show normal OGTT results after 24WG.

In an attempt to avoid this limitation, Hong et al. [34] analyzed a
retrospective cohort of women with singleton pregnancies
diagnosed with GDM who had indications for early screening,
including the presence of obesity and/or a history of GDM or
macrosomia during a previous pregnancy. Among the women who
were screened early (< 20WG), 24% had normal early screening
results, yet developed the usual GDM. As in our present study, early
screening was not associated with significant reductions in the risk
of caesarean deliveries, preeclampsia, macrosomia or birth injury,
although a greater prevalence of preterm delivery was observed
[34]. However, those results were not adjusted for potential
confounders whereas, in our study, women who underwent early
screening had more risk factors for GDM and GDM-related
outcomes.

A very recent study has explored the prognosis for at-risk
women with hyperglycaemia during pregnancy according to the
period of time they were screened [13]. Women screened after the



Table 4
Pregnancy-related outcomes in women at riska and screened early, or not, for gestational diabetes mellitus (GDM).

Total Late screening only Early � late screening P

n = 6656 n = 3449 n = 3207

Primary composite criteria

Preeclampsia, LGA infant, shoulder dystocia (%) 932 (14.0) 473 (13.7) 459 (14.3) 0.482

Secondary composite criteria

Preeclampsia, LGA infant, shoulder dystocia, neonatal hypoglycaemia (%) 969 (14.6) 495 (14.4) 474 (14.8) 0.85

Maternal events

Preeclampsia (%) 137 (2.1) 80 (2.3) 57 (1.8) 0.120

Caesarean section (%) 1545 (23.2) 791 (22.9) 754 (23.5) 0.577

Neonatal events

LGA (%) 797 (12.0) 397 (11.5) 400 (12.5) 0.227

SGA (%) 600 (9.0) 323 (9.4) 277 (8.6) 0.300

Weight at delivery (g) 3330 � 518 3320 � 515 3340 � 521 0.110

Shoulder dystocia (%) 12 (0.2) 4 (0.1) 8 (0.2) 0.200

Term at delivery (WG) 39.67 � 1.58 39.64 � 1.60 39.71 � 1.57 0.063

Preterm delivery (%) 364 (5.5) 196 (5.7) 168 (5.2) 0.426

Offspring hospitalization (%) 1233 (18.5) 618 (17.9) 615 (19.2) 0.188

Respiratory distress syndrome (%) 290 (4.4) 150 (4.3) 140 (4.4) 0.974

Intrauterine fetal or neonatal death (%) 15 (0.2) 7 (0.2) 8 (0.2) 0.6902

Any malformation (%) 67 (1.0) 30 (0.9) 37 (1.2) 0.246

Neonatal hypoglycaemia (%) 50 (0.9) 26 (0.9) 24 (0.9) 0.472

Neonatal hyperbilirubinaemia (%) 121 (1.8) 66 (1.9) 55 (1.7) 0.544

LGA/SGA: large/small for gestational age; WG: weeks of gestation.
a Defined by French recommendations as at least one of the following risk factors: body mass index � 25 kg/m2, age � 35 years, family history of diabetes, or previous

pregnancy with either GDM or macrosomia.
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implementation of a protocol encouraging early screening
compared with those screened according to the previous routine
screening protocol had a twofold greater proportion of eGDM, with
care beginning 22 days earlier, but with a similar need for
pharmacological treatment [13]. Their risk of the primary
composite outcome (emergency caesarean section, neonatal
hypoglycaemia, macrosomia) was reduced significantly by 38%
during the early screening protocol, suggesting that it had provided
a greater window of opportunity for lifestyle intervention
[13]. However, no confounding factors and, particularly, no other
possible changes in the management of these women during both
periods of time, were considered.

Although our present study was unique, it nevertheless had
some limitations and strengths. Our recruitment at a public
hospital included women living in Europe, which has lower rates of
obesity compared with other regions, such as the US
[30,34,36]. However, a greater proportion of our patients had
precarious lifestyles and/or had multiple ethnicities, thereby
precluding generalization of our results to other populations.
Our study was observational, and women in the early � late
screening group had more risk factors than those in the late screening
only group, and were at higher risk of GDM and more likely to
experience a GDM-related event, which may have counterbalanced
the potential benefits of early diagnosis and care of hyperglycaemia
during pregnancy. However, our cohort was large enough to use
Propensity-Score models, which can take into account a number of
potential confounders, and was sufficiently powered to assess
differences in events. Nevertheless, despite our efforts, unmeasured
differences between groups may have influenced the results. For
example, it may be that women screened early are followed-up by a
different type of physician (those who prescribe early screening).
However, this is highly unlikely as women are followed-up with
uniform procedures by both obstetric and diabetes teams, and usually
not by any one specific physician. Also, socioeconomic status was not
available in our study, and neither were whether targeted glucose
levels were achieved nor compliance with frequency of self-
monitoring of blood glucose [43]. Finally, it may be argued that
our study should have focused on women with risk factors for GDM,
as recommended by some guidelines [1,3,9–11]. However, sensitivity
analyses showed that our results were similar in this population.
Conclusion

Our present results confirm that universal early screening for
GDM leads to an increase in the proportion of women diagnosed
with hyperglycaemia during pregnancy. However, despite earlier
education and care in our total cohort, no reduction in GDM-
related events was detected, not even with the use of Propensity-
Score models and sensitivity analysis in women with at least one
risk factor. All our analyses were global (involving the whole
population) and were therefore independent of glycaemic status.
To add to this real-world evidence, randomized controlled studies
are still necessary before any definite conclusions can be drawn on
the usefulness of early screening for hyperglycaemia and early
treatment of eGDM and OD [8,14]. At present, only a secondary
analysis of data from Denmark’s Lifestyle in Pregnancy (LiP) study,
a randomized controlled trial of 360 obese pregnant women,
shows that the obstetric outcome prognosis for women with early
FPG � 5.1 mmol/L (but not treated for GDM according to local
Danish GDM criteria) was similar whether they had been
randomized to the intervention (n = 36) or control (n = 54) group,
although the study was not powered to address the issue [44]. Also,
the possible prognostic improvement with treatment could
perhaps differ according to FPG levels in early pregnancy (for
example, between women with eGDM and those with OD). In fact,
diagnosing women with unknown diabetes/OD late in pregnancy
might even be deleterious, given the poor prognoses for these
women compared with those with GDM [6,45,46]. Nevertheless,
the fact that early screening is not associated with better
pregnancy outcomes does not preclude long-lasting effects beyond
those of pregnancy, such as favourable effects for T2D prevention.
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Didier André, AP-HP, Unité de Recherche Clinique GHU-SSPD, for
data management.

Appendix A. supplementary material

Supplementary materials (Table S1) associated with this article
can be found at http://www.scincedirect.com.

Appendix B. Supplementary data

Supplementary material related to this article can be found, in the
online version, at https://doi.org/10.1016/j.diabet.2018.11.006.

References

[1] Metzger BE, Gabbe SG, Persson B, Buchanan TA, Catalano PA, Damm P, et al.
International association of diabetes and pregnancy study groups recommen-
dations on the diagnosis and classification of hyperglycemia in pregnancy.
Diabetes Care 2010;33:676–82.

[2] World Health Organization. In: Diagnostic criteria and classification of hyper-
glycaemia first detected in pregnancy, WHO/NMH/MND/13.2. Geneva: World
health Organization; 2013 [Available from: http://apps.who.int/iris/bits-
tream/10665/85975/1/WHO_NMH_MND_13.2_eng.pdf. Accessed June 14,
2018. 2013].

[3] Hod M, Kapur A, Sacks DA, Hadar E, Agarwal M, Di Renzo GC, et al. The
International Federation of Gynecology and Obstetrics (FIGO) Initiative on
gestational diabetes mellitus: a pragmatic guide for diagnosis, management,
and care. Int J Gynaecol Obstet 2015;131(Suppl 3):S173–211.

[4] Barbour LA, McCurdy CE, Hernandez TL, Kirwan JP, Catalano PM, Friedman JE.
Cellular mechanisms for insulin resistance in normal pregnancy and gesta-
tional diabetes. Diabetes Care 2007;30(Suppl 2):S112–9.

[5] McGrogan A, Snowball J, de Vries CS. Pregnancy losses in women with Type
1 or Type 2 diabetes in the UK: an investigation using primary care records.
Diabet Med 2014;31:357–65.

[6] Corrado F, Pintaudi B, D’Anna R, Santamaria A, Giunta L, Di Benedetto A.
Perinatal outcome in a Caucasian population with gestational diabetes and
preexisting diabetes first diagnosed in pregnancy. Diabetes Metab
2016;42:122–5.

[7] Shinar S, Berger H. Early diabetes screening in pregnancy. Int J Gynaecol Obstet
2018;142:1–8.

[8] Immanuel J, Simmons D. Screening and treatment for early-onset gestational
diabetes mellitus: a systematic review and meta-analysis. Curr Diab Rep
2017;17:115.

[9] 2. Classification and Diagnosis of Diabetes: Standards of Medical Care in
Diabetes-2018. Diabetes Care 2018;41: S13-S27.

[10] Gestational diabetes. Summary of expert consensus. Diabetes Metab 2010;36:
695-699.

[11] Nankervis A, McIntyre H, Moses R, Ross G, Callaway L, Porter C, et al. ADIPS
consensus guidelines for the testing and diagnosis of gestational diabetes
mellitus in Australia. http://www.adips.org/downloads/ADIPSConsensusGui-
delinesGDM-03.05.13VersionACCEPTEDFINAL.pdf 2013.

[12] Blumer I, Hadar E, Hadden DR, Jovanovic L, Mestman JH, Murad MH, et al.
Diabetes and pregnancy: an endocrine society clinical practice guideline. J Clin
Endocrinol Metab 2013;98:4227–49.

[13] Ryan D, Haddow L, Ramaesh A, Kelly R, Johns EC, Denison FC, et al. Early
screening and treatment of gestational diabetes in high-risk women improves
maternal and neonatal outcomes: a retrospective clinical audit. Diabetes Res
Clin Pract 2018;294–301.

[14] Cosson E, Carbillon L, Valensi P. High fasting plasma glucose during early
pregnancy. A review about early gestational diabetes mellitus. J Diabetes Res
2017;8921712.

[15] Riskin-Mashiah S, Younes G, Damti A, Auslender R. First-trimester fasting
hyperglycemia and adverse pregnancy outcomes. Diabetes Care 2009;
32:1639–43.

[16] Liu B, Chen H, Xu Y, An C, Zhong L, Wang X, et al. Fetal growth is associated with
maternal fasting plasma glucose at first prenatal visit. PLOS One
2014;9:e116352.

[17] Carreiro MP, Nogueira AI, Ribeiro-Oliveira A. Controversies and advances in
gestational diabetes-an update in the era of continuous glucose monitoring. J
Clin Med 2018;7.

[18] Cosson E, Valensi P, Carbillon L. Screening for dysglycaemia during pregnancy:
proposals conciliating International Association of Diabetes and Pregnancy
Study Group (IADPSG) and US national institutes of health panels. Diabetes
Metab 2015;41:239–43.

[19] McIntyre HD, Sacks DA, Barbour LA, Feig DS, Catalano PM, Damm P, et al. Issues
with the diagnosis and classification of hyperglycemia in early pregnancy.
Diabetes Care 2016;39:53–4.

[20] Cosson E, Benbara A, Pharisien I, Nguyen MT, Revaux A, Lormeau B, et al.
Diagnostic and prognostic performances over 9 years of a selective screening
strategy for gestational diabetes mellitus in a cohort of 18,775 subjects.
Diabetes Care 2013;36:598–603.

[21] Cosson E. Diagnostic criteria for gestational diabetes mellitus. Diabetes Metab
2010;36:538–48.

[22] Leroy B, Lefort F. The weight and size of newborn infants at birth. Rev Fr
Gynecol Obstet 1971;66:391–6.

[23] Spong CY, Beall M, Rodrigues D, Ross MG. An objective definition of shoulder
dystocia: prolonged head-to-body delivery intervals and/or the use of ancil-
lary obstetric maneuvers. Obstet Gynecol 1995;86:433–6.

[24] Mitanchez D. Management of infants born to mothers with gestational diabe-
tes. Paediatric environment. Diabetes Metab 2010;36:587–94.

[25] Joffe MM, Rosenbaum PR. Invited commentary: propensity scores. Am J
Epidemiol 1999;150:327–33.

[26] Funk MJ, Westreich D, Wiesen C, Sturmer T, Brookhart MA, Davidian M. Doubly
robust estimation of causal effects. Am J Epidemiol 2011;173:761–7.

[27] Zhu WW, Yang HX, Wei YM, Yan J, Wang ZL, Li XL, et al. Evaluation of the value
of fasting plasma glucose in the first prenatal visit to diagnose gestational
diabetes mellitus in china. Diabetes Care 2013;36:586–90.

[28] Corrado F, D’Anna R, Cannata ML, Interdonato ML, Pintaudi B, Di Benedetto A.
Correspondence between first-trimester fasting glycaemia, and oral glucose
tolerance test in gestational diabetes diagnosis. Diabetes Metab 2012;38:
458–461.

[29] Oriot P, Radikov J, Gilleman U, Loumaye R, Ryckoort V, Debue E, et al.
Gestational diabetes mellitus screening according to Carpenter-Coustan and
IADPSG criteria: a 7-year follow-up of prevalence, treatment and neonatal
complications at a Belgian general hospital. Diabetes Metab 2018;44:309–12.

[30] Alunni ML, Roeder HA, Moore TR, Ramos GA. First trimester gestational
diabetes screening - change in incidence and pharmacotherapy need. Diabetes
Res Clin Pract 2015;109:135–40.

[31] Bartha JL, Martinez-Del-Fresno P, Comino-Delgado R. Gestational diabetesmellitus
diagnosed during early pregnancy. Am J Obstet Gynecol 2000;182:346–50.

[32] Boriboonhirunsarn D, Kasempipatchai V. Incidence of large for gestational age
infants when gestational diabetes mellitus is diagnosed early and late in
pregnancy. J Obstet Gynaecol Res 2016;42:273–8.

[33] Sweeting AN, Ross GP, Hyett J, Molyneaux L, Constantino M, Harding AJ, et al.
Gestational diabetes mellitus in early pregnancy: evidence for poor pregnancy
outcomes despite treatment. Diabetes Care 2016;39:75–81.

[34] Hong WY, Biggio JR, Tita A, Harper LM. Impact of early screening for gestational
diabetes on perinatal outcomes in high-risk women. Am J Perinatol
2016;33:758–64.

[35] Martin MB, Harding AL, Borchard JP, Moses RG. Gestational diabetes: is early
testing appropriate and does it identify women at increased pregnancy risk?
Aust N Z J Obstet Gynaecol 2018;58:E1.

[36] Feghali MN, Abebe KZ, Comer DM, Caritis S, Catov JM, Scifres CM. Pregnancy
outcomes in women with an early diagnosis of gestational diabetes mellitus.
Diabetes Res Clin Pract 2018;138:177–86.

[37] Bozkurt L, Gobl CS, Pfligl L, Leitner K, Bancher-Todesca D, Luger A, et al.
Pathophysiological characteristics and effects of obesity in women with early
and late manifestation of gestational diabetes diagnosed by the international
association of diabetes and pregnancy study groups criteria. J Clin Endocrinol
Metab 2015;100:1113–20.

[38] Harreiter J, Simmons D, Desoye G, Corcoy R, Adelantado JM, Devlieger R, et al.
IADPSG and WHO 2013 gestational diabetes mellitus criteria identify obese
women with marked insulin resistance in early pregnancy. Diabetes Care
2016;39:e90–2.

[39] Cosson E, Gary F, Nguyen MT, Bianchi L, Sandre-Banon D, Biri L, et al. Gradual
increase in advanced glycation end-products from no diabetes to early and
regular gestational diabetes: a case-control study. Diabetes Metab 2018
[ePub].

[40] Cosson E, Cussac-Pillegand C, Benbara A, Pharisien I, Nguyen MT, Chiheb S,
et al. Pregnancy adverse outcomes related to pregravid body mass index and
gestational weight gain, according to the presence or not of gestational
diabetes mellitus: a retrospective observational study. Diabetes Metab
2016;42:38–46.

[41] Hawkins JS, Lo JY, Casey BM, McIntire DD, Leveno KJ. Diet-treated gestational
diabetes mellitus: comparison of early vs. routine diagnosis. Am J Obstet
Gynecol 2008;198:287 [e1-6].

[42] Sweeting A, Park F, Hyett J. The first trimester: prediction and prevention of the
great obstetrical syndromes. Best Pract Res Clin Obstet Gynaecol 2015;
29:183–93.

[43] Cosson E, Baz B, Gary F, Pharisien I, Nguyen MT, Sandre-Banon D, et al. Poor
reliability and poor adherence to self-monitoring of blood glucose are com-
mon in women with gestational diabetes mellitus and may be associated with
poor pregnancy outcomes. Diabetes Care 2017;1181–6.

[44] Vinter CA, Tanvig MH, Christensen MH, Ovesen PG, Jorgensen JS, Andersen MS,
et al. Lifestyle intervention in Danish obese pregnant women with early
gestational diabetes mellitus according to WHO 2013 criteria does not change
pregnancy outcomes: results from the LiP (Lifestyle in Pregnancy) study.
Diabetes Care 2018;41:2079–85.

[45] Shand AW, Bell JC, McElduff A, Morris J, Roberts CL. Outcomes of pregnancies
in women with pre-gestational diabetes mellitus and gestational diabetes
mellitus; a population-based study in New South Wales, Australia, 1998-2002.
Diabet Med 2008;25:708–15.

[46] Billionnet C, Mitanchez D, Weill A, Nizard J, Alla F, Hartemann A, et al.
Gestational diabetes and adverse perinatal outcomes from 716,152 births
in France in 2012. Diabetologia 2017;60:636–44.

http://www.scincedirect.com
https://doi.org/10.1016/j.diabet.2018.11.006
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0005
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0005
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0005
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0005
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0010
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0010
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0010
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0010
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0010
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0015
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0015
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0015
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0015
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0020
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0020
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0020
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0025
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0025
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0025
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0030
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0030
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0030
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0030
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0035
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0035
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0040
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0040
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0040
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0045
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0045
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0045
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0050
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0050
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0050
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0050
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0055
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0055
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0055
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0060
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0060
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0060
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0065
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0065
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0065
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0070
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0070
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0070
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0075
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0075
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0075
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0075
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0080
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0080
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0080
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0085
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0085
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0085
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0085
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0090
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0090
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0095
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0095
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0100
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0100
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0100
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0105
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0105
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0110
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0110
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0115
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0115
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0120
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0120
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0120
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0125
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0125
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0125
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0125
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0130
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0130
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0130
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0130
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0135
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0135
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0135
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0140
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0140
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0145
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0145
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0145
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0150
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0150
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0150
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0155
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0155
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0155
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0160
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0160
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0160
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0165
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0165
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0165
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0170
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0170
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0170
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0170
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0170
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0175
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0175
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0175
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0175
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0180
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0180
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0180
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0180
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0185
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0185
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0185
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0185
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0185
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0190
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0190
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0190
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0195
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0195
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0195
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0200
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0200
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0200
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0200
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0205
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0205
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0205
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0205
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0205
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0210
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0210
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0210
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0210
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0215
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0215
http://refhub.elsevier.com/S1262-3636(18)30221-0/sbref0215

	Early screening for gestational diabetes mellitus is not associated with improved pregnancy outcomes: an observational stu...
	Introduction
	Materials and methods
	Participants
	Glycaemic status during pregnancy and care of dysglycaemia
	Endpoints
	Statistical analyses

	Results
	Characteristics of the study population
	Outcomes

	Discussion
	Conclusion
	Disclosure of interest
	Acknowledgments
	Appendix A supplementary material
	Appendix B Supplementary data
	References


