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Introduction

Hyperglycaemia in pregnancy (termed 'hyperglycaemia' throughout this article) includes diabetes in pregnancy [DIP; defined as previously undiagnosed type 2 diabetes mellitus (T2DM)] and gestational diabetes mellitus (GDM), which may be diagnosed early in pregnancy (eGDM), usually before 24 weeks of gestation (WG), or later (GDM) [START_REF] Metzger | International association of diabetes and pregnancy study groups recommendations on the diagnosis and classification of hyperglycemia in pregnancy[END_REF]2].

Screening for hyperglycaemia in early pregnancy may be useful for identifying and treating DIP earlier, and may also lead to diagnosis of early intermediate hyperglycaemia (eGDM; for definitions, see Methods section), which is usually treated immediately [START_REF] Metzger | International association of diabetes and pregnancy study groups recommendations on the diagnosis and classification of hyperglycemia in pregnancy[END_REF][START_REF]-Gestational diabetes. Summary of expert consensus[END_REF]. While some guidelines propose screening for hyperglycaemia only in women with risk factors (RFs; for a review, see Benhalima et al. [START_REF] Benhalima | Survey by the European Board and College of Obstetrics and Gynaecology on screening for gestational diabetes in Europe[END_REF]), others propose universal screening [START_REF] Metzger | International association of diabetes and pregnancy study groups recommendations on the diagnosis and classification of hyperglycemia in pregnancy[END_REF][START_REF] Hod | The International Federation of Gynecology and Obstetrics (FIGO) Initiative on gestational diabetes mellitus: A pragmatic guide for diagnosis, management, and care[END_REF]. A selective screening strategy leads to diagnostic efforts being concentrated on women at higher risk of hyperglycaemia, but was reported to miss up to 40% of cases [START_REF] Miailhe | Selective rather than universal screening for gestational diabetes mellitus?[END_REF][START_REF] Avalos | Applying current screening tools for gestational diabetes mellitus to a European population-is it time for change?[END_REF][START_REF] Adam | Screening for gestational diabetes mellitus in a South African population: Prevalence, comparison of diagnostic criteria and the role of risk factors[END_REF][START_REF] Bianchi | Italian national guidelines for the screening of gestational diabetes: Time for a critical appraisal?[END_REF][START_REF] Corrado | Italian risk factor-based screening for gestational diabetes[END_REF][START_REF] Capula | A new predictive tool for the early risk assessment of gestational diabetes mellitus[END_REF][START_REF] Pintaudi | Improvement of selective screening strategy for gestational diabetes through a more accurate definition of high-risk groups[END_REF][START_REF] Cianni | Screening for gestational diabetes in Tuscany, Italy. A population study[END_REF]. The impact of such undiagnosed (and therefore untreated) cases would not be crucial if the prognosis for women with hyperglycaemia but no RFs was far better than that for women with both hyperglycaemia and RFs: in this case, considering only women at higher risk could be useful, as the rate of women with hyperglycaemia has increased [START_REF] Adam | Screening for gestational diabetes mellitus in a South African population: Prevalence, comparison of diagnostic criteria and the role of risk factors[END_REF] since the new diagnostic criteria were proposed by the International Association of Diabetes and Pregnancy Study Groups (IADPSG) [START_REF] Metzger | International association of diabetes and pregnancy study groups recommendations on the diagnosis and classification of hyperglycemia in pregnancy[END_REF] and endorsed by the World Health Organization (WHO) [2].

However, so far and despite the fact that the IADPSG/WHO diagnostic criteria have been currently endorsed by the majority of scientific societies [START_REF]-Gestational diabetes. Summary of expert consensus[END_REF][START_REF] Benhalima | Survey by the European Board and College of Obstetrics and Gynaecology on screening for gestational diabetes in Europe[END_REF], only a few studies have explored the value of hyperglycaemia diagnosis [START_REF] Miailhe | Selective rather than universal screening for gestational diabetes mellitus?[END_REF][START_REF] Avalos | Applying current screening tools for gestational diabetes mellitus to a European population-is it time for change?[END_REF][START_REF] Adam | Screening for gestational diabetes mellitus in a South African population: Prevalence, comparison of diagnostic criteria and the role of risk factors[END_REF][START_REF] Bianchi | Italian national guidelines for the screening of gestational diabetes: Time for a critical appraisal?[END_REF][START_REF] Corrado | Italian risk factor-based screening for gestational diabetes[END_REF][START_REF] Capula | A new predictive tool for the early risk assessment of gestational diabetes mellitus[END_REF][START_REF] Pintaudi | Improvement of selective screening strategy for gestational diabetes through a more accurate definition of high-risk groups[END_REF][START_REF] Cianni | Screening for gestational diabetes in Tuscany, Italy. A population study[END_REF] and its prognostic value for hyperglycaemia-related events [START_REF] Miailhe | Selective rather than universal screening for gestational diabetes mellitus?[END_REF][START_REF] Avalos | Applying current screening tools for gestational diabetes mellitus to a European population-is it time for change?[END_REF] through the use of such selective strategies. Thus, the aim of the present study was to evaluate, in women screened for hyperglycaemia either early in pregnancy or in the second part of pregnancy if no hyperglycaemia was previously diagnosed, the performance of RFs for hyperglycaemia and their prognostic value for hyperglycaemiarelated events.

Materials and methods

Participants

This single-centre observational study took place at our university hospital located in a suburb of Paris, France, and was based on electronic medical records, including the obstetric data that are routinely completed by the midwife assisting in the delivery of every woman giving birth. These data are collected and checked during the maternity stay by a single midwife (I.P.) qualified in data management and data storage according to a process that has been previously described elsewhere [START_REF] Cosson | Diagnostic and prognostic performances over 9 years of a selective screening strategy for gestational diabetes mellitus in a cohort of 18,775 subjects[END_REF][START_REF] Cosson | The diagnostic and prognostic performance of a selective screening strategy for gestational diabetes mellitus according to ethnicity in Europe[END_REF][START_REF] Cosson | Early screening for gestational diabetes mellitus is not associated with improved pregnancy outcomes: an observational study including 9795 women[END_REF]. According to French law, patients are informed in the waiting room and in the rooms of hospital units that care-related data may be used for research purposes unless the patient opposes such use. However, for observational studies, neither patient consent nor the approval of ethics committees are required (see articles L.1121-1 paragraph 1 and R1121-2 of the French Public Health Code). These 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].

Inclusion and non-inclusion criteria

Included were women who had a singleton pregnancy and no personal history of diabetes or bariatric surgery. These women had to have undergone early screening in pregnancy before 22 WG [START_REF] Cosson | Early screening for gestational diabetes mellitus is not associated with improved pregnancy outcomes: an observational study including 9795 women[END_REF] and, thereafter, after 22 WG if the initial screening was normal. In addition, their status of the presence of at least one RF had to be known. In France, women are considered at risk if they have at least one of the following RFs: body mass index (BMI) ≥ 25 kg/m²; age ≥ 35 years; first-degree relative with a history of diabetes; and previous pregnancy with hyperglycaemia or a macrosomic infant (Fig. S1; see supplementary materials associated with this article online). These criteria [START_REF]-Gestational diabetes. Summary of expert consensus[END_REF] were applied in the present study.

Glycaemic status during pregnancy and management of dysglycaemia

Hyperglycaemia was defined according to IADPSG/WHO criteria [START_REF] Metzger | International association of diabetes and pregnancy study groups recommendations on the diagnosis and classification of hyperglycemia in pregnancy[END_REF]2], as these guidelines have been endorsed in France [START_REF]-Gestational diabetes. Summary of expert consensus[END_REF]. Our local policy is to offer screening to all women at both the beginning of pregnancy and after 24 WG if early screening was normal or not done.

Universal or selective screening is, however, at the discretion of caregivers. Early screening constitutes a fasting plasma glucose (FPG) measurement, whereas late screening includes a 75-g oral glucose tolerance test (OGTT), with measurement of FPG and plasma glucose levels at 1 h and 2 h after glucose intake (1-h PG and 2-h PG, respectively). However, OGTT screening may be prescribed when macrosomia or hydramnios are later identified where no hyperglycaemia had been diagnosed before [START_REF]-Gestational diabetes. Summary of expert consensus[END_REF][START_REF] Cosson | Early screening for gestational diabetes mellitus is not associated with improved pregnancy outcomes: an observational study including 9795 women[END_REF].

Hyperglycaemia in pregnancy includes eGDM, GDM and DIP [START_REF] Metzger | International association of diabetes and pregnancy study groups recommendations on the diagnosis and classification of hyperglycemia in pregnancy[END_REF]2]: eGDM was defined as an FPG 92-125 mg/dL before 22 WG, GDM as an FPG 92-125 mg/dL and/or 1-h PG ≥ 180 mg/dL and/or 2-h PG 153-199 mg/dL during an OGTT performed after 22 WG, and DIP as an FPG ≥ 126 mg/dL and/or 2-h PG ≥ 200 mg/dL [START_REF] Cosson | Early screening for gestational diabetes mellitus is not associated with improved pregnancy outcomes: an observational study including 9795 women[END_REF] (Fig. S2; see supplementary materials associated with this article online).

Women with hyperglycaemia were referred to a multidisciplinary team that included a diabetologist, obstetrician, midwife, dietitian and nurse educator, all of whom performed as per the current French recommendations [START_REF]-Gestational diabetes. Summary of expert consensus[END_REF][START_REF] Cosson | Early screening for gestational diabetes mellitus is not associated with improved pregnancy outcomes: an observational study including 9795 women[END_REF].

Pregnancy outcomes

The main predefined endpoint was the occurrence of a hyperglycaemia-related event. The primary composite endpoint included at least one of the following events: (i) preeclampsia (blood pressure ≥ 140/90 mmHg on two recordings taken 4 h apart, and proteinuria of at least 300 mg/24 h or 3+ on dipstick testing of a random urine sample); (ii) large-for-gestational-age infant (LGA; birth weight greater than the 90 th percentile for the standard French population [START_REF] Cosson | Diagnostic and prognostic performances over 9 years of a selective screening strategy for gestational diabetes mellitus in a cohort of 18,775 subjects[END_REF][START_REF] Cosson | The diagnostic and prognostic performance of a selective screening strategy for gestational diabetes mellitus according to ethnicity in Europe[END_REF][START_REF] Cosson | Early screening for gestational diabetes mellitus is not associated with improved pregnancy outcomes: an observational study including 9795 women[END_REF]); and/or (iii) shoulder dystocia, defined as the use of obstetric manoeuvres (McRoberts manoeuvre, episiotomy after delivery of fetal head, suprapubic pressure, posterior arm rotation to an oblique angle, rotation of infant by 180º or delivery of the posterior arm) [START_REF] Cosson | Diagnostic and prognostic performances over 9 years of a selective screening strategy for gestational diabetes mellitus in a cohort of 18,775 subjects[END_REF][START_REF] Cosson | The diagnostic and prognostic performance of a selective screening strategy for gestational diabetes mellitus according to ethnicity in Europe[END_REF][START_REF] Cosson | Early screening for gestational diabetes mellitus is not associated with improved pregnancy outcomes: an observational study including 9795 women[END_REF].

There was also a secondary composite endpoint which included, in addition, neonatal hypoglycaemia, defined as at least one blood glucose value < 36 mg/dL during the two first days of life [START_REF] Cosson | Diagnostic and prognostic performances over 9 years of a selective screening strategy for gestational diabetes mellitus in a cohort of 18,775 subjects[END_REF][START_REF] Cosson | The diagnostic and prognostic performance of a selective screening strategy for gestational diabetes mellitus according to ethnicity in Europe[END_REF][START_REF] Cosson | Early screening for gestational diabetes mellitus is not associated with improved pregnancy outcomes: an observational study including 9795 women[END_REF].

Each of the previously mentioned events, as well as caesarean sections, were also considered separately: very small-for-gestational-age (SGA) and SGA infants (birth weight lower than the 3 rd and 10 th percentiles, respectively, for the standard French population [START_REF] Cosson | Diagnostic and prognostic performances over 9 years of a selective screening strategy for gestational diabetes mellitus in a cohort of 18,775 subjects[END_REF][START_REF] Cosson | The diagnostic and prognostic performance of a selective screening strategy for gestational diabetes mellitus according to ethnicity in Europe[END_REF][START_REF] Cosson | Early screening for gestational diabetes mellitus is not associated with improved pregnancy outcomes: an observational study including 9795 women[END_REF]); preterm delivery (before 37 completed WG); offspring hospitalization (admission to a neonatal intensive care unit); respiratory distress syndrome (based on clinical course, chest X-ray findings, blood gas and acid-base values); intrauterine fetal or neonatal death (in the first 24 h of life); any malformation; and hyperbilirubinaemia, defined as the need for neonatal phototherapy.

Finally, gestational weight gain during pregnancy (the difference between weight at the time of delivery and self-reported weight before pregnancy) and the need for insulin at the time of delivery were also considered.

Statistics

Baseline continuous variables were expressed as means ± standard deviation (SD). Categorical variables were expressed as frequencies (percentages). Included and non-included women were compared (Table S1; see supplementary materials associated with this article online), as were the four mutually exclusive groups of women according to the presence of hyperglycaemia and/or at least one RF (Table I, Table III), and women with and without hyperglycaemia (Table II). Student's t test was used for continuous variables (Gaussian distribution), and analysis of variance (ANOVA) and the chi-squared (χ 2 ) test for categorical variables when two and four groups, respectively, were compared. The χ 2 test was used to evaluate the association between the number of RFs and hyperglycaemia, hyperglycaemiarelated events, and the proportions of DIP and eGDM compared with GDM according to number of RFs (Fig. 1). Logistic regression was used for analyses of the hyperglycaemia effect, the RF (at least one RF) effect, and the interaction between hyperglycaemia and RF effect on hyperglycaemia-related events and each classic event on its own (Table III).

Sensitivity analyses were also performed to explore the effect of each RF, and of obesity in particular, on hyperglycaemia-related events (Fig. 2).

All tests were two-sided and a significance level of P < 0.05 was set. Analyses were conducted using SAS version 9.4 software (SAS Institute, Cary, NC, USA).

Results

Population characteristics

As shown in Fig. S1, 4518 women were included in the present study. They were 30.6 ± 5.6 years of age with a pregravid BMI of 25.2 ± 5.1 kg/m², and their parity was 2.1 ± 1.2. They were of multiple ethnic origin (Table S1), but were mostly North African (30.1%), European (28.0%) and Sub-Saharan African (17.8%). Compared with the 6673 women not included because the complete screening strategy had not been performed or because their RF status was unknown, the 4518 included women were older with higher BMI and parity, and were less likely to smoke and more likely to be employed. They were also more likely to have RFs for hyperglycaemia and to have previously delivered in recent years.

A large proportion (71.1% of included women) had at least one RF: overweight or obesity (48.6%) and/or age ≥ 35 years (24.9%) and/or family history of diabetes (28.4%) and/or previous pregnancy with hyperglycaemia in pregnancy (6.3%) and/or macrosomic infant (3.5%; Table S1). Table I shows that 23.5% of the women had hyperglycaemia (eGDM: 10.4%; GDM: 12.2%; DIP: 0.9%), and also their glucose values and gestational age at screening according to the four study groupings: no hyperglycaemia with no RFs (n = 1144); no hyperglycaemia with RFs (n = 2313); hyperglycaemia with no RFs (n = 163); and hyperglycaemia with RFs (n = 898). Globally, glucose values were higher when both hyperglycaemia and RFs were present, with a statistically significant interaction of hyperglycaemia * RF with FPG with screening both before and after 22 WG (Table I). In women with hyperglycaemia, the presence of RFs was associated with more DIP and eGDM and less GDM (Table I).

Gestational weight gain was lowest when both hyperglycaemia and RFs were present, with a statistically significant interaction of hyperglycaemia * RF. Insulin therapy was more frequent when RFs were present (Table I).

Diagnostic value of risk factors for hyperglycaemia during pregnancy

Table II shows that the presence of RFs was associated with the presence of hyperglycaemia.

The performance of RFs in the diagnosis of hyperglycaemia were as follows: sensitivity: 84.6%; specificity: 33.1%; positive and negative predictive values: 28.0% and 87.5%, respectively; and accuracy 45.2%. Therefore, screening only for RFs would have failed to diagnose 15.4% of those with hyperglycaemia.

The greater the number of RFs, the greater the prevalence of hyperglycaemia (Fig. 1A): for example, half the women with three RFs and three-quarters of those with four or five RFs had hyperglycaemia. A larger number of RFs was also associated with a larger proportion of DIP and eGDM compared with GDM (P < 0.001; Fig. 1B).

Outcomes by hyperglycaemia and risk factor status

Table III shows that the rates of primary and secondary composite endpoints differed globally according to the presence of hyperglycaemia and RFs, with a hyperglycaemia effect and an RF effect, but no interaction. Rates of caesarean sections (hyperglycaemia and RF effects),

LGA and SGA infants (RF effect), preterm delivery, offspring hospitalizations (hyperglycaemia effect) and neonatal hypoglycaemia also differed overall (Table III). In addition, the number of RFs was positively associated with the primary composite endpoint (P < 0.001; Fig. 1A), and this was true in women with or without hyperglycaemia (P < 0.001) (Fig. 1C).

In addition, sensitivity analyses were performed to explore the prognostic value of obesity and of each RF on its own (instead of having at least one RF) in addition to the role of hyperglycaemia. Prevalence of the primary composite endpoint was associated with the presence of hyperglycaemia and obesity (global effect: P < 0.0001; hyperglycaemia effect: P < 0.01; obesity effect: P < 0.0001; no interaction), of hyperglycaemia and overweight (global effect: P < 0.0001; hyperglycaemia effect: P < 0.01; overweight effect: P < 0.0001; no interaction), of hyperglycaemia and age ≥ 35 years (global effect: P < 0.0001; hyperglycaemia effect: P < 0.001; no age effect; no interaction), of hyperglycaemia and family history of diabetes (global effect: P < 0.0001; hyperglycaemia effect: P < 0.001; family history effect: P < 0.01; no interaction), of hyperglycaemia and personal history of hyperglycaemia in pregnancy (global effect: P < 0.001; hyperglycaemia effect: P < 0.05; personal history effect: P < 0.05; no interaction), and of hyperglycaemia and personal history of macrosomia during pregnancy (global effect: P < 0.0001; no hyperglycaemia effect; personal history effect: P < 0.0001; no interaction). Rates of the primary composite endpoint are presented in Fig. 2.

Discussion

The proportion of women in our study population with one or more RFs for hyperglycaemia was almost 70%. This means that a selective approach would avoid screening 30% of our patients. In parallel, such an approach would not have identified 15% of all cases of hyperglycaemia. The prognosis for women with hyperglycaemia but no RFs (who were treated in our series) was far better than that for women with hyperglycaemia and RFs, which is reassuring as regards selective screening. Interestingly, however, our study has shown for the first time that women without hyperglycaemia but with RFs had a poorer prognosis than women with hyperglycaemia and no RFs.

Taken altogether, our results show that selective screening can identify women at risk of events through hyperglycaemia or not, and suggest that managing modifiable RFs might improve pregnancy outcomes even when hyperglycaemia is absent.

Diagnostic performance of selective screening

The sensitivity of selective screening for identifying women with hyperglycaemia, as defined by IADPSG/WHO criteria, has recently been shown to vary between 60% and 95% [START_REF] Miailhe | Selective rather than universal screening for gestational diabetes mellitus?[END_REF][START_REF] Avalos | Applying current screening tools for gestational diabetes mellitus to a European population-is it time for change?[END_REF][START_REF] Adam | Screening for gestational diabetes mellitus in a South African population: Prevalence, comparison of diagnostic criteria and the role of risk factors[END_REF][START_REF] Bianchi | Italian national guidelines for the screening of gestational diabetes: Time for a critical appraisal?[END_REF][START_REF] Corrado | Italian risk factor-based screening for gestational diabetes[END_REF][START_REF] Capula | A new predictive tool for the early risk assessment of gestational diabetes mellitus[END_REF][START_REF] Pintaudi | Improvement of selective screening strategy for gestational diabetes through a more accurate definition of high-risk groups[END_REF][START_REF] Cianni | Screening for gestational diabetes in Tuscany, Italy. A population study[END_REF]. In fact, while 70% of our population was eligible for selective screening, only 15% of women with hyperglycaemia had no RFs. This percentage is similar to that reported by Miailhe et al. [START_REF] Miailhe | Selective rather than universal screening for gestational diabetes mellitus?[END_REF], who studied a comparable population in a Paris suburb. Previously, our team had evaluated the same French screening strategy in a cohort of 18,775 women who delivered at our hospital between 2002 and 2010 and found that selective screening would have missed one-third of those with hyperglycaemia [START_REF] Cosson | Diagnostic and prognostic performances over 9 years of a selective screening strategy for gestational diabetes mellitus in a cohort of 18,775 subjects[END_REF][START_REF] Cosson | The diagnostic and prognostic performance of a selective screening strategy for gestational diabetes mellitus according to ethnicity in Europe[END_REF].

Several hypotheses may account for this discrepancy. First, the current IADPSG/WHO criteria were not used at the time. Second, unlike the present study which excluded women who were not screened, the previous study considered the women not screened as free of hyperglycaemia. Third, early screening specifically in women with RFs has been progressively implemented in our department [START_REF] Cosson | Early screening for gestational diabetes mellitus is not associated with improved pregnancy outcomes: an observational study including 9795 women[END_REF] since 2010, when the IADPSG recommendations [START_REF] Metzger | International association of diabetes and pregnancy study groups recommendations on the diagnosis and classification of hyperglycemia in pregnancy[END_REF] were endorsed in France [START_REF]-Gestational diabetes. Summary of expert consensus[END_REF].

Our present findings reveal for the first time that the presence of RFs is associated with a greater proportion of hyperglycaemia diagnosed early in pregnancy. Furthermore, the larger the number of RFs, the larger the proportion of eGDM with hyperglycaemia. Accordingly, eGDM has been reported to be more prevalent with ageing, higher BMI scores, family history of diabetes, personal history of hyperglycaemia or macrosomia, and multiparity (for a review, see Cosson et al. [START_REF] Cosson | High fasting plasma glucose during early pregnancy. A review about early gestational diabetes mellitus[END_REF]). This may explain (i) the greater proportion of women with hyperglycaemia in 2011-2016 (23.5% with hyperglycaemia, including 10.4% with eGDM, in the present study) than in 2002-2010 (14.4% [START_REF] Cosson | Diagnostic and prognostic performances over 9 years of a selective screening strategy for gestational diabetes mellitus in a cohort of 18,775 subjects[END_REF]); and (ii) the smaller number of missed cases with a selective screening strategy. Interestingly, our present results show that an increasing number of RFs are associated with more hyperglycaemia, and that the greater the number of RFs, the greater the proportion of eGDM with hyperglycaemia.

Prognosis of treated hyperglycaemia according to presence of risk factors

Missing 15% of women with hyperglycaemia because of selective screening becomes even more detrimental if the women without RFs have a poorer prognosis because of untreated hyperglycaemia. Two observational studies have explored the prognoses associated with hyperglycaemia during two successive periods of time: the first when selective screening was performed; and the second when universal screening was adopted. The results suggest that prognoses were improved with universal screening [START_REF] Cosson | Universal rather than selective screening for gestational diabetes mellitus may improve fetal outcomes[END_REF][START_REF] Farrar | Evaluation of the impact of universal testing for gestational diabetes mellitus on maternal and neonatal health outcomes: a retrospective analysis[END_REF], possibly because it can reduce the delay before diagnosis and care [START_REF] Cosson | Universal rather than selective screening for gestational diabetes mellitus may improve fetal outcomes[END_REF].

Regarding women with hyperglycaemia, our study shows that those without RFs had very good prognoses vs those with RFs (8.6% vs 17.1% with events, respectively). Although these women were screened and potentially treated, this may suggest that not identifying women with hyperglycaemia because they were not eligible for screening might not be so detrimental. The prognosis for hyperglycaemia according to the presence of RFs was explored in three studies [START_REF] Miailhe | Selective rather than universal screening for gestational diabetes mellitus?[END_REF][START_REF] Avalos | Applying current screening tools for gestational diabetes mellitus to a European population-is it time for change?[END_REF][START_REF] Cosson | Diagnostic and prognostic performances over 9 years of a selective screening strategy for gestational diabetes mellitus in a cohort of 18,775 subjects[END_REF]. In the first, rates of the composite endpoint were 10.1%, 16.7% and 18.2% in women without hyperglycaemia, women with hyperglycaemia and no RFs, and those with hyperglycaemia and RFs, respectively (P < 0.0001), while rates of LGA infants were 6.3%, 12.2% and 14.9%, respectively (P < 0.001) [START_REF] Cosson | Diagnostic and prognostic performances over 9 years of a selective screening strategy for gestational diabetes mellitus in a cohort of 18,775 subjects[END_REF]. Results were similar irrespective of ethnicity [START_REF] Cosson | The diagnostic and prognostic performance of a selective screening strategy for gestational diabetes mellitus according to ethnicity in Europe[END_REF]. In the second study, rates of the composite maternal endpoint were 31%, 42% and 48% in the same three groups, respectively (P < 0.05), whereas rates of

LGA infants were statistically similar across the three groups (15%, 16% and 24%, respectively; P = 0.821) [START_REF] Avalos | Applying current screening tools for gestational diabetes mellitus to a European population-is it time for change?[END_REF]. Finally, in the third study, rates of LGA infants in the same three groups were 8%, 6% and 17%, respectively [START_REF] Miailhe | Selective rather than universal screening for gestational diabetes mellitus?[END_REF]. Thus, overall, the results of our present study and that of Miailhe et al. [START_REF] Miailhe | Selective rather than universal screening for gestational diabetes mellitus?[END_REF] suggest that the proposed application of selective screening in France to diagnose IADPSG/WHO-defined hyperglycaemia would identify a large number of women with hyperglycaemia and that, in any case, those women could still have a good prognosis. However, before arriving at any conclusions, it must be emphasized that every woman in these studies was treated for hyperglycaemia and that randomized studies are necessary before any definitive conclusions can be drawn. In addition, not treating hyperglycaemia in women without RFs could lead to twice as many events during pregnancy [START_REF] Landon | A multicenter, randomized trial of treatment for mild gestational diabetes[END_REF][START_REF] Crowther | Effect of treatment of gestational diabetes mellitus on pregnancy outcomes[END_REF], perhaps even reaching the rate of events in at-risk women with treated hyperglycaemia.

Our study is also noteworthy as it shows for the first time that selective screening fails to identify GDM cases in particular, but only a few cases of DIP (three out of 41), which has the poorest prognosis [START_REF] Wong | The clinical significance of overt diabetes in pregnancy[END_REF][START_REF] Sugiyama | Comparison of pregnancy outcomes between women with gestational diabetes and overt diabetes first diagnosed in pregnancy: a retrospective multi-institutional study in Japan[END_REF][START_REF] Park | Women with rigorously managed overt diabetes during pregnancy do not experience adverse infant outcomes but do remain at serious risk of postpartum diabetes[END_REF][START_REF] Corrado | Perinatal outcome in a Caucasian population with gestational diabetes and preexisting diabetes first diagnosed in pregnancy[END_REF]. Moreover, the rate of insulin therapy was lower in women without than with RFs, as previously reported elsewhere [START_REF] Miailhe | Selective rather than universal screening for gestational diabetes mellitus?[END_REF][START_REF] Cosson | Diagnostic and prognostic performances over 9 years of a selective screening strategy for gestational diabetes mellitus in a cohort of 18,775 subjects[END_REF].

Prognosis associated with risk factors per se

In the present study, RFs were associated with a poor prognosis irrespective of glycaemic status. Among RFs, the main drivers of outcome were overweight/obesity (noted in around half the pregnant women in our series) and a personal history of macrosomia (only 3.5% of the women). Overweight and obesity are associated with LGA infants [START_REF]-Hyperglycemia and Adverse Pregnancy Outcome (HAPO) Study: associations with neonatal anthropometrics[END_REF][START_REF] Black | The relative contribution of prepregnancy overweight and obesity, gestational weight gain, and IADPSG-defined gestational diabetes mellitus to fetal overgrowth[END_REF][START_REF] Catalano | The hyperglycemia and adverse pregnancy outcome study: associations of GDM and obesity with pregnancy outcomes[END_REF][START_REF] Benedetto | Effects of prepregnancy body mass index and weight gain during pregnancy on perinatal outcome in glucose-tolerant women[END_REF][START_REF] Cosson | 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[END_REF], hypertensive disorders/preeclampsia [START_REF]-Hyperglycemia and Adverse Pregnancy Outcome (HAPO) Study: associations with neonatal anthropometrics[END_REF][START_REF] Black | The relative contribution of prepregnancy overweight and obesity, gestational weight gain, and IADPSG-defined gestational diabetes mellitus to fetal overgrowth[END_REF][START_REF] Catalano | The hyperglycemia and adverse pregnancy outcome study: associations of GDM and obesity with pregnancy outcomes[END_REF][START_REF] Benedetto | Effects of prepregnancy body mass index and weight gain during pregnancy on perinatal outcome in glucose-tolerant women[END_REF][START_REF] Cosson | 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[END_REF] and, in certain studies, shoulder dystocia [START_REF] Black | The relative contribution of prepregnancy overweight and obesity, gestational weight gain, and IADPSG-defined gestational diabetes mellitus to fetal overgrowth[END_REF]. Furthermore, the Hyperglycemia and Adverse Pregnancy Outcome (HAPO) Study reported obesity-related adverse events independently of glycaemic status and its treatment [START_REF]-Hyperglycemia and Adverse Pregnancy Outcome (HAPO) Study: associations with neonatal anthropometrics[END_REF][START_REF] Catalano | The hyperglycemia and adverse pregnancy outcome study: associations of GDM and obesity with pregnancy outcomes[END_REF].

As weight reduction prior to pregnancy appears difficult to achieve with routine care, limiting gestational weight gain might be beneficial in cases of overweight/obesity [START_REF] Rasmussen | New guidelines for weight gain during pregnancy: what obstetrician/gynecologists should know[END_REF]. It has previously been shown that both overweight/obesity and gestational weight gain are crucial to fetal growth in women without hyperglycaemia in pregnancy, whereas gestational weight gain was the main additional contributor to hyperglycaemia and fetal overgrowth, while the role of BMI was blunted in women with treated hyperglycaemia [START_REF] Cosson | 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[END_REF]. These results suggest that routine nutritional interventions in pregnant women with overweight/obesity are likely to be beneficial. Also, it was recently shown that a low-intensity lifestyle intervention in women at high risk of hyperglycaemia optimalized healthy gestational weight gain and that weight gain limitation was particularly effective in overweight women [START_REF] Harrison | Optimizing healthy gestational weight gain in women at high risk of gestational diabetes: a randomized controlled trial[END_REF]. However, studies of behavioural interventions in obese or at-risk pregnant women proved not to necessarily improve pregnancy outcomes [START_REF] Dodd | Antenatal lifestyle advice for women who are overweight or obese: LIMIT randomised trial[END_REF][START_REF] Poston | Effect of a behavioural intervention in obese pregnant women (the UPBEAT study): a multicentre, randomised controlled trial[END_REF][START_REF] Simmons | Effect of Physical Activity and/or Healthy Eating on GDM Risk: The DALI Lifestyle Study[END_REF].

Limitations and strengths

Our study has both limitations and strengths. Recruitment at a public hospital leads to the inclusion of a large proportion of women with vulnerable conditions and multiethnic backgrounds, thereby precluding generalization of the results. However, the data reflect a single institution with a comprehensive and consistent perinatal-care programme, and the study only included women who were screened according to French guidelines and followed the IADPSG/WHO criteria for hyperglycaemia. On the other hand, there were no tests according to ethnicity [START_REF] Cosson | The diagnostic and prognostic performance of a selective screening strategy for gestational diabetes mellitus according to ethnicity in Europe[END_REF][START_REF] Lamain-De Ruiter | External validation of prognostic models to predict risk of gestational diabetes mellitus in one Dutch cohort: prospective multicentre cohort study[END_REF][START_REF] Kautzky-Willer | The impact of risk factors and more stringent diagnostic criteria of gestational diabetes on outcomes in central European women[END_REF]. Our study also tested the five RFs proposed by the French guidelines as having the best diagnostic capabilities [START_REF] Lamain-De Ruiter | External validation of prognostic models to predict risk of gestational diabetes mellitus in one Dutch cohort: prospective multicentre cohort study[END_REF][START_REF] Kautzky-Willer | The impact of risk factors and more stringent diagnostic criteria of gestational diabetes on outcomes in central European women[END_REF] and, given our large sample size, sensitivity analyses of the role of each RF on its own in outcomes could be performed.

Nevertheless, the study focus was on pregnancy outcomes and it is not possible to draw any conclusions regarding the consequences of selective screening on the intergenerational transmission of metabolic disorders, which can be partially prevented through interventions during pregnancy [START_REF] Parat | Prenatal Education of Overweight or Obese Pregnant Women to Prevent Childhood Overweight (the ETOIG study): an open-label, randomized controlled trial[END_REF].

Conclusion and perspectives

Universal screening is simple and improves the sensitivity of hyperglycaemia diagnosis. In contrast, selective screening identifies those women at highest risk of pregnancy-related events irrespective of glycaemic status. The women with hyperglycaemia but no RFs had a good prognosis in our observational study, but they had all nonetheless been treated: only a randomized study can demonstrate whether no screening-and therefore no treatmentwould be deleterious. Late screening in cases of clinical signs of hyperglycaemia, such as accelerated fetal growth and/or hydramnios, would diagnose those women with hyperglycaemia who were not eligible for screening [START_REF]-Gestational diabetes. Summary of expert consensus[END_REF][START_REF] Hammoud | Gestational diabetes mellitus diagnosed by screening or symptoms: does it matter?[END_REF], although late care could lead to considerably limited efficacy for preventing obstetrically adverse outcomes. Finally, our results strongly suggest that pregnant women with RFs, especially those who are overweight/obese, should be identified as being at high risk of complications. At present, the care of these women, with or without hyperglycaemia, is currently insufficient to improve their pregnancy outcomes. 

Figure legends
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 1 Fig. 1. (A) Prevalences of hyperglycaemia in pregnancy (white) and the primary composite
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 2 Fig. 2. Percentages of hyperglycaemia-related events according to the presence of

  

RF, no hyperglycaemia No RF, hyperglycaemia No RF, no hyperglycaemia

  

	Hyperglycaemia-related event (%)					RF, hyperglycaemia
								53.3
								46.4
		24.7					
		9.3 12.6 19.6	19.3 10.2 15.1 7.6	10.4 15.8 12.6 15.8	17.8 13.3 14.7 10.1	16.5 12.2	22.7 16.7	14.8
								10.7
								Hyperglycaemia
	Overall effect (p)	<0.0001	<0.0001	<0.0001	<0.0001	<0.001	<0.0001
	HIP effect (p)	<0.01	<0.01	<0.001	<0.001	<0.05	0.06
	RF effect (p)	<0.0001	<0.0001	0.33	<0.05	<0.05	<0.0001
	HIP*RF effect (p)	0.85	0.91	0.32	0.67	0.93	0.79

Table I

 I Screening and glycaemic status by presence or not of hyperglycaemia in pregnancy (HIP) and/or at least one risk factor (RF)

			No hyperglycaemia	Hyperglycaemia				
		Total cohort	No RF	RF	No RF	RF	Overall effect	HIP effect	RF effect	Interaction
							P	P	P	HIP * RF P
	n	4518	1144	2313	163	898				
	SCREENING BEFORE 22 WG									
	Gestational age at screening (WG)	12.3 ± 4.2	12.2 ± 4.2	12.3 ± 4.2	11.7 ± 4.3	12.3 ± 4.3	0.190	0.189	0.032	0.180
	Fasting plasma glucose (mg/dL)	82.8 ± 9.2	79.5 ± 6.7	80.9 ± 6.2	86.8 ± 9.9	91.1 ± 12.7	< 0.001	< 0.001	< 0.001	< 0.001
	SCREENING AFTER 22 WG									
	Gestational age at screening (WG)	27.4 ± 3.7	27.5 ± 4.6	27.3 ± 3.2	27.8 ± 3.1	27.5 ± 3.3	0.084	0.215	0.208	0.905
	Routine screening:									
	Fasting plasma glucose (mg/dL)	79.0 ± 8.2	76.4 ± 6.2	77.8 ± 6.6	85.0 ± 10.8	88.4 ± 10.3	< 0.001	< 0.001	< 0.001	0.007
	1-h plasma glucose (mg/dL)	125.6 ± 32.1	114.3 ± 26.3 120.7 ± 25.9 158.8 ± 32.8 164.6 ± 34.5	< 0.001	< 0.001	< 0.001	0.861
	2-h plasma glucose (mg/dL)	110.0 ± 26.5	101.1 ± 20.0 105.5 ± 20.1 140.3 ± 30.6 143.0 ± 32.9	< 0.001	< 0.001	0.005	0.503
	Screening for macrosomia or hydramnios:*									
	Fasting plasma glucose (mg/dL)	78.6 ± 10.8	74.4 ± 7.3	76.1 ± 7.8	77.0 ± 14.8	87.2 ± 13.2	< 0.001	0.003	0.011	0.065
	1-h plasma glucose (mg/dL)	142.9 ± 29.7	124.0 ± 23.7 134.0 ± 21.2 166.0 ± 37.5 173.5 ± 26.2	< 0.001	< 0.001	0.141	0.832
	2-h plasma glucose (mg/dL)	120.2 ± 30.3	105.1 ± 23.9 111.3 ± 19.8 159.8 ± 53.4 145.5 ± 31.5	< 0.001	< 0.001	0.524	0.108
	GLYCAEMIC STATUS									
	No gestational diabetes mellitus	3457 (76.5)	1144 (100.0) 2313 (100.0)	0 (0.0)	0 (0.0)				
	Early gestational diabetes mellitus	470 (10.4)	0 (0.0)	0 (0.0)	55 (33.7)	415 (46.2)	-	-	0.002**	-
	Gestational diabetes mellitus	551 (12.2)	0 (0.0)	0 (0.0)	105 (64.4)	446 (49.7)				
	Diabetes in pregnancy	40 (0.9)	0 (0.0)	0 (0.0)	3 (1.8)	37 (4.1)				
	EVENTS DURING PREGNANCY									
	Gestational weight gain (kg)	11.1 ± 5.4	11.8 ± 5.0	11.4 ± 5.6	11.2 ± 4.9	9.6 ± 5.4	< 0.001	< 0.001	< 0.001	0.023
	Insulin therapy	405 (9.0)	-	-	41 (25.2)	364 (40.6)	-	-	< 0.001	-
	Data are presented as means ± standard deviation or as n (%) unless otherwise stated;						

Table II

 II Presence of risk factors in total cohort and in women with or without hyperglycaemia in pregnancy (HIP)Table IIIMaternal and infant outcomes according to presence or not of hyperglycaemia in pregnancy (HIP) and/or presence of at least one risk factor (RF) Data are presented as means ± standard deviation or as n (%) unless otherwise stated;LGA: large for gestational age; SGA: small for gestational age; WG: weeks of gestation

	Risk factors	Total cohort	No hyperglycaemia No hyperglycaemia	Hyperglycaemia Hyperglycaemia	P			
	n At least one risk factor [n (%)] Body mass index ≥ 25 kg/m² [n (%)] Age ≥ 35 years [n (%)] n Family history of diabetes [n (%)] Primary composite endpoint	4518 3211 (71.1) Total cohort 2178 (48.6) 1127 (24.9) 4518 1285 (28.4)	No RF 1144	3457 2313 (66.9) RF 1514 (44.1) 754 (21.8) 2313 903 (26.1)	No RF 163	1061 898 (84.6) RF 664 (63.4) 373 (35.2) 898 382 (36.0)	Overall < 0.001 effect P < 0.001 < 0.001 < 0.001	HIP effect P	RF effect P	HIP * RF effect P
	Previous pregnancy with HIP: Preeclampsia or LGA infant or shoulder	545 (12.1)	72 (6.3)	305 (13.2)	14 (8.6)	154 (17.1)	< 0.001		< 0.001	0.936
	First child [n (%)] dystocia	1793 (39.7)		1440 (41.7)		353 (33.3)	-			
	No [n (%)] Secondary composite endpoint	2441 (54.0)		1909 (55.2)		532 (50.1)	< 0.001*			
	Yes [n (%)] Preeclampsia or LGA infant or shoulder Previous pregnancy with macrosomia: First child [n (%)] dystocia or neonatal hypoglycaemia No [n (%)] Maternal outcomes: Yes [n (%)] Preeclampsia	284 (6.3) 563 (12.5) 1793 (39.7) 2568 (56.8) 157 (3.5) 72 (1.6)	75 (6.6) 13 (1.1)	108 (3.1) 309 (13.4) 1440 (41.7) 1920 (55.5) 97 (2.8) 42 (1.8)	15 (9.2) 2 (1.2)	176 (16.6) 164 (18.3) 353 (33.3) 648 (61.1) 60 (5.7) 15 (1.7)	< 0.001 -< 0.001* 0.462	0.019 0.993	< 0.001 0.338	0.992 0.843
	Caesarean section	969 (21.4)	179 (15.6)	520 (22.5)	35 (21.5)	235 (26.2)	< 0.001	0.009	0.002	0.408
	Infant outcomes:									
	LGA	471 (10.4)	60 (5.2)	260 (11.2)	11 (6.7)	140 (15.6)	< 0.001	0.071	< 0.001	0.760
	SGA	441 (9.8)	147 (12.8)	199 (8.6)	17 (10.4)	78 (8.7)	0.001	0.459	0.033	0.419
	Very SGA	119 (2.6)	40 (3.5)	54 (2.3)	5 (3.1)	20 (2.2)	0.205	0.739	0.176	0.874
	Shoulder dystocia	9 (0.2)	0 (0.0)	8 (0.3)	1 (0.6)	0 (0.0)				
	Term delivery (WG)	37.2 ± 3.0	36.0 ± 3.4	37.5 ± 3.1	36.3 ± 5.8	37.9 ± 2.1	0.364	0.783	0.224	0.966
	Preterm delivery	229 (5.1)	53 (4.6)	105 (4.5)	7 (4.3)	64 (7.1)	0.028	0.367	0.244	0.207
	Offspring hospitalization	834 (18.5)	184 (16.1)	431 (18.7)	36 (22.1)	183 (20.4)	0.046	0.028	0.734	0.216
	Respiratory distress syndrome	209 (4.6)	55 (4.8)	105 (4.5)	14 (8.6)	35 (3.9)	0.115	0.212	0.015	0.035
	Intrauterine fetal or neonatal death	10 (0.2)	2 (0.2)	6 (0.3)	0 (0.0)	2 (0.2)				
	Any malformation	46 (1.0)	7 (0.6)	23 (1.0)	2 (1.2)	14 (1.6)	0.212	0.186	0.403	0.778
	Neonatal hypoglycaemia	29 (0.8)	5 (0.6)	7 (0.4)	1 (0.6)	16 (1.8)	0.006	0.204	0.574	0.218
	Neonatal hyperbilirubinaemia	81 (1.8)	25 (2.2)	40 (1.7)	1 (0.6)	15 (1.7)	0.425	0.216	0.469	0.241

* No vs yes
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