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Introduction

Glucose control reduces birth weight in the offspring of mothers with gestational diabetes mellitus (GDM) [START_REF] Landon | A multicenter, randomized trial of treatment for mild gestational diabetes[END_REF] and, for women with pregestational diabetes, HbA1c levels < 6% (42 mmol/mol) are necessary to prevent macrosomia [START_REF] Maresh | Glycemic targets in the second and third trimester of pregnancy for women with type 1 diabetes[END_REF]. Recent studies, however, continue to report high rates of macrosomia, at around 15% for GDM [START_REF] Billionnet | Gestational diabetes and adverse perinatal outcomes from 716,152 births in France in 2012[END_REF] and up to 50% for type 1 diabetes (T1D) [START_REF] Ladfors | Fetal overgrowth in women with type 1 and type 2 diabetes mellitus[END_REF]. Such high rates may result from non-glucose-related mechanisms, such as excess lipid substrates in pregnant women with obesity [START_REF] Geraghty | Maternal and fetal blood lipid concentrations during pregnancy differ by maternal body mass index: findings from the ROLO study[END_REF] or excessive gestational weight gain [START_REF] Santos | Effect of maternal body mass index and weight gain in women with gestational diabetes on the incidence of large-for-gestationalage infants[END_REF]. Nevertheless, even moderately high glucose levels can contribute to fetal overgrowth in 'well-controlled' diabetes if they arise early in pregnancy [START_REF] Sweeting | Gestational Diabetes Mellitus in Early Pregnancy: Evidence for Poor Pregnancy Outcomes Despite Treatment[END_REF] or are within the higher range of recommended levels of glucose [START_REF] Cyganek | Risk of macrosomia remains glucose-dependent in a cohort of women with pregestational type 1 diabetes and good glycemic control[END_REF].

HbA1c can be used as a secondary marker of glucose control in pregnancy [START_REF]Management of Diabetes in Pregnancy: Standards of Medical Care in Diabetes-2018[END_REF]. However, it is imperfect because it is influenced by the iron deficiency of pregnancy and is not the best predictor of birth weight, according to the Hyperglycemia and Adverse Pregnancy Outcome (HAPO) Study [START_REF] Lowe | Hyperglycemia and Adverse Pregnancy Outcome (HAPO) Study: associations of maternal A1C and glucose with pregnancy outcomes[END_REF]. In addition, other parameters, such as glycated proteins, may be more relevant in pregnant women due to their shorter half-life and because they are not influenced by changes in haemoglobin turnover or iron metabolism [START_REF] Hashimoto | Indicators of glycemic control in patients with gestational diabetes mellitus and pregnant women with diabetes mellitus[END_REF]. Yet, their superiority over HbA1c continues to be debated [START_REF]-Collège national des gynécologues et obstétriciens français; Société francophone du diabète. [Gestational diabetes[END_REF]. Thus, our hypothesis was that fructosamine measured during the third trimester of pregnancy might be better at predicting macrosomia than HbA1c. In addition, to determine the value of serum fructosamine vs HbA1c as a marker of glycaemic control during diabetic pregnancy, the relationship of these two markers with macrosomia was also analyzed.

Subjects and methods

For our present single-centre, observational, cross-sectional study, consecutive pregnant women with pregestational diabetes or GDM, referred to the Nutrition-Diabetology unit of the University Hospital Haut-Lévêque (Bordeaux, France) during 2013-2015 at 25 ± 7 weeks of amenorrhea, were prospectively included. Inclusion criteria were gestational or pregestational diabetes (type 1 or 2) with a singleton pregnancy in progress, whereas the only exclusion criteria were age < 18 years and non-affiliation to social security.

The study protocol was approved by the local ethics committee, and all of these women provided their written informed consent to participate.

Clinical data

Age, weight and body mass index (BMI) before pregnancy were registered along with other risk factors for GDM: familial history of diabetes; previous personal history of GDM; and/or macrosomia for non-nulliparous women. As for the newborns, their birth weights and percentiles according to gestational age were recorded. Macrosomia was defined as a birth weight ≥ 4000 g and/or large-for-gestational-age birth weight ≥ 90 th percentile.

Biological data

For GDM, the diagnostic strategy at our centre is based on recommendations of the French Diabetes Society [START_REF] Cahill | Markers of Glycemic Control and Neonatal Morbidity in High-Risk Insulin-Resistant Pregnancies[END_REF]. Screening for GDM was performed in women with risk factors: maternal age ≥ 35 years; BMI ≥ 25 kg/m 2 ; first-degree family history of diabetes; personal history of gestational diabetes; and macrosomic newborns. The diagnosis was based on fasting plasma glucose (FPG) levels before 24 weeks of gestation (early GDM if FPG ≥ 5.10 mmol/L) or an abnormal 75-g oral glucose tolerance test (OGTT) performed at weeks 24-28 of gestation (late GDM if glycaemia at 0 h ≥ 5.10 mmol/L, at 1 h ≥ 10 mmol/L and/or at 2 h ≥ 8.5 mmol/L). FPG and OGTT were not assessed in women with preexisting diabetes.

All participants were also asked to undergo blood sampling the week before or after their first visit to our centre for HbA1c (using high-performance liquid chromatography) and fructosamine (nitroblue tetrazolium coloration assay) measurements. The blood test was performed on average at 25 ± 7 weeks of gestation.

Statistical analysis

Differences between the mothers of macrosomic vs non-macrosomic newborns were tested using Student's test for continuous variables and chi-squared test for categorical variables, or Fisher's test when sample-size conditions were not met. The relationship between serum fructosamine and macrosomia was tested by logistic regression analysis, adjusted for other risk factors of macrosomia: maternal age; BMI; excessive gestational weight gain; antecedents of macrosomia; parity; and type of diabetes (pregestational, early or late GDM). A P value < 0.05 was considered significant. The relationship between HbA1c and macrosomia was also tested, applying the same adjustments. In addition, a receiver operating characteristic (ROC) curve was established to determine the sensitivity and specificity of fructosamine and of HbA1c for predicting macrosomia, using a threshold determined by the Youden index.

Results

Characteristics of the study population

Our 130 pregnant women were 33 ± 5 years old; their BMI before pregnancy was 27.7 ± 6.9 kg/m 2 and they gained 7.6 ± 5.1 kg during the first 6 months of gestation. Of these women, 13 (10%) had pregestational diabetes [10 (7.7%) T1D, 3 (2.3%) type 2 diabetes (T2D)], while 44 (33.8%) had early GDM and 73 (56.2%) had late GDM. T1D women were aged 31.0 ± 3.9 years; their average duration of diabetes was 14.8 ± 3.5 years and their average BMI was 25.2 ± 5.2 kg/m 2 . As expected, T2D women were older (38.0 ± 4.3 years) and heavier (BMI: 39.0 ± 1.5 kg/m 2 ), and their average duration of diabetes was 10.7 ± 4.0 years.

Mothers with macrosomic vs non-macrosomic newborns

Overall, 17 (13%) newborns had macrosomia, whereas the rate of macrosomic babies was 11.8% in women with GDM and 20% in women with pregestational diabetes. Gestational age at birth (37 ± 2 weeks) did not differ between the two groups.

As depicted in Table I, the mothers of macrosomic newborns were older and had higher parity, but did not significantly differ by either BMI or gestational weight gain. HbA1c also did not differ between the two groups. However, fructosamine levels were 15% higher in the mothers with large babies: 221 ± 40 µmol/L vs 192 ± 22 µmol/L (P < 0.001) in the others.

Relationship between fructosamine and macrosomia

According to logistic regression analysis, the association between serum fructosamine (µmol/L) and presence of macrosomia remained significant [odds ratio (OR): 1.05, 95% confidence interval (CI): 1.01-1.09; P = 0.009) even after adjusting for maternal age, BMI, parity, antecedents of macrosomia, excessive gestational weight gain and type of diabetes (pregestational or GDM; Table II). On the other hand, there was no significant association between HbA1c and macrosomia when using the same adjustments (OR: 1.31, 95% CI: 0.31-5.50; P = 0.715; Table III). Thus, as illustrated in Fig. 1, fructosamine was more efficient than HbA1c in predicting macrosomia, with an area under the ROC curve (AUROC) of 0.73 (95% CI: 0.58-0.86) vs 0.58 (95% CI: 0.44-0.72) for HbA1c. The threshold for optimal sensitivity and specificity of fructosamine was 200 µmol/L, with a sensitivity of 64.7% and specificity of 68.1%. Moreover, the rate of women with fructosamine levels > 200 µmol/L was significantly higher in women who delivered macrosomic newborns: 64.7% vs 31.9% (P < 0.05).

Sensitivity analysis: Fructosamine and macrosomia in women with GDM (n = 117)

Thirteen newborns (11.8%) of mothers with GDM had macrosomia: their mean birth weight was 3968 ± 205 g vs 3081 ± 483 g in non-macrosomic newborns (P < 0.000). These mothers were older (36 ± 4 years vs 33 ± 5 years; P = 0.01) and had higher parity (1.4 ± 1.1 vs 0.6 ± 0.9; P = 0.004). HbA1c levels, however, did not differ significantly (5.1 ± 0.2% vs 5.2 ± 0.4%; P = 0.70), whereas fructosamine levels were higher: 205 ± 22 µmol/L vs 191 ± 19 µmol/L (P = 0.016).

Nevertheless, the association between serum fructosamine and macrosomia did not reach significance after adjusting for maternal age, parity, antecedents of macrosomia and excessive gestational weight gain (OR: 1.05, 95% CI: 0.99-1.11; P = 0.10). In addition, HbA1c and macrosomia were not associated, using these same adjustments (OR: 1.01, 95% CI: 0.10-9.78; P = 0.99).

Discussion

Numerous studies have reported a relationship between HbA1c at mid-pregnancy and birth weight in hyperglycaemic pregnant women. In those with pregestational diabetes, however, these studies reported HbA1c levels of around 6% (42 mmol/mol) in T1D mothers [START_REF] Maresh | Glycemic targets in the second and third trimester of pregnancy for women with type 1 diabetes[END_REF][START_REF] Ladfors | Fetal overgrowth in women with type 1 and type 2 diabetes mellitus[END_REF][START_REF] Cyganek | Risk of macrosomia remains glucose-dependent in a cohort of women with pregestational type 1 diabetes and good glycemic control[END_REF] and 5.7% (39 mmol/mol) in T2D mothers [START_REF] Ladfors | Fetal overgrowth in women with type 1 and type 2 diabetes mellitus[END_REF] of infants with macrosomia, which are rates higher than in our study patients. For GDM, rates of macrosomia were significantly higher only in women with HbA1c ≥ 6% (42 mmol/mol), representing < 10% of the studied population [START_REF] Sweeting | Baseline HbA1c to Identify High-Risk Gestational Diabetes: Utility in Early vs Standard Gestational Diabetes[END_REF]. In the HAPO Study, mean HbA1c was 4.8 ± 0.4% (29 ± 2.4 mmol/mol), which was related to the birth of a large-for-gestational-age infant, although this relationship was weaker than for any glucose level, thereby leading to the conclusion that HbA1c is not an alternative for GDM diagnosis [START_REF] Lowe | Hyperglycemia and Adverse Pregnancy Outcome (HAPO) Study: associations of maternal A1C and glucose with pregnancy outcomes[END_REF]. Fructosamine was not tested in these studies.

The relationship between maternal serum fructosamine and macrosomia in newborns has been previously tested in a few studies. However, it was not significant in the 301 highrisk pregnant women studied by Cahill et al. [START_REF] Cahill | Markers of Glycemic Control and Neonatal Morbidity in High-Risk Insulin-Resistant Pregnancies[END_REF], where two-thirds of the participants had pregestational diabetes and only one-third had HbA1c levels < 6% (42 mmol/mol). In the general obstetric population, Schrader et al. [START_REF] Schrader | Fasting plasma glucose and glycosylated plasma protein at 24 to 28 weeks of gestation predict macrosomia in the general obstetric population[END_REF] found that glycated protein improved the prediction of macrosomia based on fasting glucose levels. Due to its shorter half-life, fructosamine may be better adapted than HbA1c for detecting the effects of intervention: in non-diabetic pregnant women (HbA1c: 4.9%, 30 mmol/mol), low or moderate glycaemic index (GI) diets led to a significant reduction in fructosamine, whereas HbA1c was not decreased [START_REF] Markovic | Randomized Controlled Trial Investigating the Effects of a Low-Glycemic Index Diet on Pregnancy Outcomes in Women at High Risk of Gestational Diabetes Mellitus: The GI Baby 3 Study[END_REF]. Because of iron deficiency, HbA1c increases in late pregnancy independently of glucose control, which does not occur with either glycated albumin or fructosamine [START_REF] Kurishita | Glycated hemoglobin of fractionated erythrocytes, glycated albumin, and plasma fructosamine during pregnancy[END_REF].

The relationship detected in our present study between serum fructosamine and macrosomia was significant after adjusting for the main predictors of macrosomia, and the fructosamine threshold of 200 µmol/L may be a useful indicator in clinical practice.

Our study has some limitations. The number of participants was limited, which may explain why the association between fructosamine and macrosomia failed to reach significance in the GDM subgroup. Nevertheless, thresholds must now surely be proposed with caution in cases of GDM, as the relationship between markers of glucose exposure and outcome for neonates is a continuum [20], whereas the fructosamine threshold of 200 µmol/L may well be an indicator of macrosomia risk in clinical practice.

Conclusion

Maternal fructosamine levels were associated with macrosomia in the newborns of pregnant women with 'well-controlled' diabetes according to their HbA1c levels, and the relationship between fructosamine and macrosomia remained significant even after adjusting for maternal age, BMI, parity, type of diabetes, antecedents of macrosomia and excessive gestational weight gain. Thus, such an analysis could be helpful for predicting macrosomia in pregnant women with 'well-controlled' diabetes. 
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 1 Fig. 1. Receiver operating characteristic (ROC) curves for the prediction of macrosomia according to fructosamine vs HbA1c.
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 1 Figure 1: ROC Curve for the prediction of macrosomia according to fructosamine and HbA1c.