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The cause of birth is associated with neonatal prognosis in late preterm singletons

Abstract:

Introduction: Recent studies have shown that the cause of very preterm births may be related to neonatal morbidity and mortality. Even though these risks are lower among late preterm births, this group accounts for the vast majority of all preterm births. The objective of this study was to evaluate the relation of neonatal morbidity and mortality to the cause of late preterm birth.

Materials and methods: This retrospective observational cohort study included all women who gave birth to liveborn singletons from 34 to 36 weeks+6 days of gestation in a French level III maternity hospital in the 5-year period 2013-2017. The causes of preterm delivery were divided into 6 mutually exclusive groups. The main outcome was a composite neonatal morbidity criterion, defined by at least one among the following criteria: neonatal respiratory distress, neurological complications, neonatal sepsis, severe necrotizing enterocolitis, and neonatal hypoglycemia. We analyzed the association between cause of preterm delivery and neonatal morbidity after adjustment for gestational age and antenatal corticosteroid therapy.

The reference group was preterm labor, defined by spontaneous preterm labor with intact membranes.

Results: During the study period, there were a total of 27 110 births, including 1114 singleton births at 34 to 36 weeks of gestation + 6 days (4.1%). Among the 968 late preterm births included, the risk of neonatal morbidity in the group with preterm premature rupture of membranes (PPROM) was similar to that in the preterm labor (reference) group: adjusted odds ratio (aOR) 1.2 (95% CI, 0.8-1.8). All the other causes of late preterm birth were associated with a higher risk of neonatal morbidity than the reference group: aOR 2.0 [95% CI, 1.1-3.5] for hypertensive disorders without suspected fetal growth restriction (FGR) (9.1% of cases), aOR 2.4 [95% CI, 1.4-4.2] for hypertensive disorders with suspected FGR

Introduction:

Worldwide, an estimated 15 million children were born preterm in 2010, that is, 11% of all livebirths [START_REF] Blencowe | National, regional, and worldwide estimates of preterm birth rates in the year 2010 with time trends since 1990 for selected countries: a systematic analysis and implications[END_REF] . Prematurity is the leading cause of mortality among children under 5 years of age worldwide, with a rate of 41 deaths per 1000 births in 2016, accounting for 16% of under-five mortality and 35% of global neonatal mortality [START_REF] Vogel | The global epidemiology of preterm birth[END_REF] . In France in 2016, 7.5% of births were preterm, 85% of them late preterm, defined by birth from 34 to 36 weeks+6 days of gestation [START_REF] Torchin | Epidemiology and risk factors of preterm birth[END_REF] . Late preterm birth is associated with higher rates of deaths and neurological and respiratory morbidity than full-term birth [START_REF] Mcintire | Neonatal mortality and morbidity rates in late preterm births compared with births at term[END_REF][START_REF] Júnior | Late prematurity: a systematic review[END_REF][START_REF] Pike | Respiratory consequences of late preterm birth[END_REF][START_REF] Delnord | Epidemiology of late preterm and early term births -An international perspective[END_REF][START_REF] Yang | Variation in child cognitive ability by week of gestation among healthy term births[END_REF] .

For both very and late preterm births, gestational age at birth is the main prognostic factor for neonatal morbidity and mortality [START_REF] Engle | Morbidity and mortality in late preterm and early term newborns: a continuum[END_REF][START_REF] Gouyon | Neonatal problems of late and moderate preterm infants[END_REF][START_REF] Chen | Heterogeneity of preterm birth subtypes in relation to neonatal death[END_REF][START_REF] Kamath-Rayne | Subtypes of preterm birth and the risk of postneonatal death[END_REF] . Recent studies focusing on very preterm births have shown a relation between the cause of preterm birth and neonatal outcome [START_REF] Delorme | Cause of Preterm Birth as a Prognostic Factor for Mortality[END_REF][START_REF] Gagliardi | Pregnancy disorders leading to very preterm birth influence neonatal outcomes: results of the population-based ACTION cohort study[END_REF][START_REF] Garite | Intrauterine growth restriction increases morbidity and mortality among premature neonates[END_REF] . For late preterm neonates, a few prognostic factors besides gestational age at birth have been reported; among them are being small for gestational age, maternal pathologies such as diabetes, and complications including infection during preterm premature rupture of membranes (PPROM) [START_REF] Gouyon | Neonatal problems of late and moderate preterm infants[END_REF]16 .

Our objective was to evaluate the relation between the cause of late preterm birth and neonatal morbidity by applying a classification used in a large national cohort of very preterm births [START_REF] Delorme | Cause of Preterm Birth as a Prognostic Factor for Mortality[END_REF] .

Materials and methods

This retrospective observational cohort study included all women who gave birth to liveborn singletons from 34 to 36 weeks+6 days of gestation, in a French level III maternity hospital during the 5-year period 2013-2017. Multiple pregnancies, fetal deaths, and medical terminations of pregnancy were excluded. Neonates with one or more congenital and/or chromosomal abnormalities likely to aggravate the neonatal prognosis were also excluded.

After identifying eligible women in the computerized database, we reviewed all original obstetric and pediatric records.

The National Data Protection Authority (Commission National de l'Informatique et des Libertés, CNIL n°1755849) approved this study. Under French regulations, this study is exempt from IRB review because it is an observational study using anonymized data from medical records. Women are informed that their records can be used for the evaluation of medical practices and told they can choose to opt out of these studies.

We used a previously published classification of causes of preterm birth, adapted to those at and after 34 weeks of gestation [START_REF] Delorme | Cause of Preterm Birth as a Prognostic Factor for Mortality[END_REF] . This classification relied entirely on prenatal data and can be used in clinical practice.

The main causes of late preterm birth were grouped into 6 mutually exclusive groups:

-Preterm labor: spontaneous preterm labor with intact membranes, -PPROM -Hypertensive disorders without suspected fetal growth restriction (FGR) (chronic or pregnancy-related hypertension, preeclampsia, eclampsia, HELLP syndrome (Hemolysis Elevated Liver enzymes Low Platelet count syndrome)), -Hypertensive disorders with suspected FGR, -Suspected FGR without hypertensive disorders, -Vaginal bleeding related to abnormal placental insertion (placenta previa or accreta). This group of late preterm births did not appear in the very preterm birth classification of causes because of its rarity during that period.

Spontaneous preterm labor was defined by painful contractions resulting in cervical dilatation.

PPROM was defined by the rupture of membranes more than at 12 hours before delivery.

Suspected FGR was defined by an estimated fetal weight below the 10th percentile (according to the reference growth curve established by the French college of fetal sonography [START_REF] Massoud | Chart for estimation of fetal weight 2014 by the French College of Fetal Sonography (CFEF)[END_REF] ), associated with either fetal Doppler abnormalities or growth arrest or hypertensive disorders.

Preeclampsia was diagnosed from 20 weeks of gestation onwards as hypertension with systolic blood pressure (SBP) > 140 mmHg or diastolic blood pressure (DBP) > 90 mmHg on 2 occasions, associated with proteinuria > 0.3 g/24 h, in accordance with the definition established by the French national college of gynecologist-obstetricians [START_REF]Société française d'anesthésie et de réanimation (Sfar), Collège national des gynécologues et obstétriciens français (CNGOF), Société française de médecine périnatale (SFMP), Société française de néonatalogie[END_REF] and adopted by the French hypertension society.

The principal cause of preterm birth was determined from information included in the medical chart, the conclusions of ultrasound reports, and the reported medical indications for each of maternal hospitalization, admission to the delivery room, cesarean delivery, and induction of labor (if relevant).

Gestational age refers to completed weeks of gestation and was the best estimate based on the date of the last menstrual period and an early prenatal ultrasonogram.

Other rare causes of preterm birth that cannot be grouped together (decompensation of chronic maternal pathology, maternal oncologic pathologies, fetal heart rhythm anomalies without other associated cause, digestive surgical emergencies, maternal fever, psychiatric diseases, intrahepatic cholestasis of pregnancy, history of unexplained in utero fetal deaths, alloimmunization, placental abruption during pregnancy without prior complications, and uncontrolled diabetes) were excluded from the study (n=92 women). The primary endpoint was a composite neonatal morbidity criterion, defined by at least one among the following criteria: neonatal respiratory distress requiring hospitalization in a neonatal intensive care unit (NICU) for invasive or noninvasive ventilation, neurological complications (intraventricular hemorrhage grades 1 and 2 or 3 and 4 according to the Papile classification [START_REF] Papile | Incidence and evolution of subependymal and intraventricular hemorrhage: a study of infants with birth weights less than 1,500 gm[END_REF] , or seizure), neonatal sepsis (confirmed or probable), severe necrotizing enterocolitis (≥ Bell grade 2 [START_REF] Bell | Neonatal necrotizing enterocolitis. Therapeutic decisions based upon clinical staging[END_REF] ), and neonatal hypoglycemia (glycemia <2.2 mmol/L, requiring at least one glucose infusion).

Neonatal sepsis was classified as confirmed or probable. Confirmed neonatal infections were defined by a positive blood culture or a positive cerebrospinal fluid culture associated with clinical signs of infection. Probable neonatal infection was defined by clinical signs and a neonatal CRP ≥10 mg/L. Neonatal sepsis included both the cases of early-onset sepsis (defined as a neonatal infection within 72 hours after birth) and those that developed later.

We collected data on maternal characteristics: age (years), obesity (BMI>30 kg/m2), geographical origin (Europe, Africa, and elsewhere), health insurance (patients with or without social health insurance), parity (nulliparous, parous patients), gestational diabetes (diagnosed between 24 and 28 weeks of gestation in patients with fasting blood glucose 0.92 g/L and/or after induced oral hyperglycemia (75 g glucose), blood glucose 1.80 g/L at 1 hour and/or 1.53 g/L at 2 hours.). The fetal characteristics collected were gestational age (weeks of gestation), birthweight (grams), and sex. The principal obstetric characteristic was mode of delivery (spontaneous vaginal delivery, instrumental vaginal delivery, or cesarean). We also extracted from the files the use of antenatal corticosteroid therapy, defined by at least 2 intramuscular injections of 12 mg of betamethasone 24 hours apart. Our center's protocol does not advise corticosteroid injection after 33 weeks + 6 days.

Categorical variables were compared with the Chi 2 test or Fisher's exact test, as appropriate.

For continuous outcomes, data were analyzed with t tests for normally distributed variables and Kruskal-Wallis tests for nonnormally distributed variables, as appropriate. All analyses were performed with STATA software version 15.

Preterm labor was used as the reference because it was expected to have the fewest complications [START_REF] Chen | Heterogeneity of preterm birth subtypes in relation to neonatal death[END_REF][START_REF] Kamath-Rayne | Subtypes of preterm birth and the risk of postneonatal death[END_REF] . Maternal characteristics and obstetric practices were described according to the cause of preterm birth. The independent effect of the cause of preterm birth on the risk of morbidity was tested and quantified with a multivariable logistic regression. We built a model that included gestational age and antenatal corticosteroid therapy as an adjustment variable.

Results

The study included 968 women (Figure 1). The main causes of late preterm birth were preterm labor (n=343, 35.4%) and preterm premature rupture of membranes (n=350, 36.2%).

The other causes of delivery were hypertensive disorders without suspected FGR (n=88, 9.1%), hypertensive disorders with suspected FGR (n=86, 8.9%), suspected FGR without hypertensive disorders (n=56, 5.8%), and vaginal bleeding related to abnormal placental insertion (placenta previa or accreta) (n=45, 4.7%).

Mean maternal age, BMI, and birthweight differed significantly between causes of late preterm birth (Table 1). The rates of nulliparas, women without health insurance, tocolytic administration, and cesarean delivery differed significantly between these causes. The two groups with FGR received corticosteroids significantly more frequently than the other groups (P<0.001). Mean gestational age at delivery did not differ significantly by the cause of late preterm birth (P=0.09).

Gestational age at delivery was associated with the composite neonatal morbidity criterion, which occurred among 107 (35.9%) of the infants born at 34 weeks of gestation, 101 (33.9%) of those born at 35 weeks, and 90 (30.2%) of those born at 36 weeks (P<0.001).

The composite neonatal morbidity criterion differed significantly between groups (P<0.001) (Table 2). Respiratory distress, necrotizing enterocolitis, hypoglycemia, and neonatal infections also differed significantly according to cause of preterm birth, while neurological complications did not. There were no neonatal deaths.

After adjustment for gestational age and antenatal corticosteroid therapy, the risk of neonatal morbidity in the group with PPROM was similar to that in the preterm labor (reference) group: adjusted odds ratio (aOR) 1.2 [95% CI, 0.8-1.8]. All the other causes of late preterm birth were associated with a higher risk of neonatal morbidity than the reference group: aOR 2.0 [95% CI, 1.1-3.5] for hypertensive disorders without suspected FGR (9.1% of cases), aOR 2.4 [95% CI, 1.4-4.2] for hypertensive disorders with suspected FGR (8.9%), aOR 4.2 (95% CI, 2.2-8.0] for suspected FGR without hypertensive disorders (5.8%), and aOR 4.4 [95% CI, 2.2-8.8] for vaginal bleeding related to abnormal placental insertion (4.7%) (Table 3).

Discussion

Similar risks of neonatal morbidity were associated with PPROM and spontaneous preterm labor among late preterm birth singletons. Hypertensive disorders with or without suspected FGR, FGR without suspected hypertensive disorders, and vaginal bleeding related to abnormal placental insertion were associated with an excess risk of neonatal morbidity compared with preterm labor for late preterm singletons.

An earlier study of very preterm births used a classification of preterm births according to their cause to investigate the relation between causes and neonatal morbidity [START_REF] Delorme | Cause of Preterm Birth as a Prognostic Factor for Mortality[END_REF] . This classification is based on the hypothesis that the mechanisms involved in the onset of the disease, such as inflammation or placental hypoxia, could have a direct impact on the child's condition, because different causes of preterm delivery are related to different pathophysiological processes. Preterm labor with intact membranes and PPROM are both associated with inflammation [START_REF] Goldenberg | Epidemiology and causes of preterm birth[END_REF][START_REF] Menon | Preterm prelabor rupture of the membranes: A disease of the fetal membranes[END_REF] , but PPROM is associated with higher risks than preterm labor of acute complications such as chorioamnionitis, funicular compression, and placental abruption [START_REF] Furman | Clinical significance and outcome of preterm prelabor rupture of membranes: population-based study[END_REF][START_REF] Ananth | Preterm premature rupture of membranes, intrauterine infection, and oligohydramnios: risk factors for placental abruption[END_REF][START_REF] Ekin | Risk factors and perinatal outcomes associated with latency in preterm premature rupture of membranes between 24 and 34 weeks of gestation[END_REF] . The pathophysiological mechanisms involved in placenta previa are possibly different from those of preterm labor following threatened preterm birth [START_REF] Weiner | Placental histopathology lesions and pregnancy outcome in pregnancies complicated with symptomatic vs. nonsymptomatic placenta previa[END_REF] . Hypertensive disorders are associated with placental insufficiency involving angiogenic factors and oxidative stress [START_REF] Lecarpentier | Pathophysiology of preeclampsia[END_REF] , with direct damage to the fetus in cases of FGR. This classification is therefore based on the initial disease, which is assumed to be the cause of the preterm delivery -regardless of whether it is spontaneous or induced, complicated or not. Accordingly, cesarean deliveries before labor for chorioamnionitis after PPROM are included in the PPROM group, together with the infants born by vaginal delivery after spontaneous labor and no maternal infection. Another advantage of this classification is that by separating the population into mutually exclusive groups, it enables more relevant analyses. Finally, this classification makes it possible to assess neonatal prognosis before birth according to the disease identified by the obstetric team.

The most frequent morbidity in each group was respiratory distress, a finding consistent with the studies assessing morbidity in late preterm births [START_REF] Pike | Respiratory consequences of late preterm birth[END_REF][START_REF] Williams | The Late Preterm: A Population at Risk[END_REF]29 . Two studies reported a higher risk of neonatal morbidity or mortality for births due to PPROM than for those due to spontaneous preterm labor [START_REF] Chen | Heterogeneity of preterm birth subtypes in relation to neonatal death[END_REF][START_REF] Kamath-Rayne | Subtypes of preterm birth and the risk of postneonatal death[END_REF] . Nonetheless, these data were collected from birth registers that included very little medical information and did not take into account confounding variables such as antenatal corticosteroid therapy and gestational age at birth. Moreover, the PPROM and preterm labor groups were defined differently than in our classification, because when those cases involved induced preterm birth (by either prelabor cesarean or induction of labor), they were classified separately in a different group. Accordingly, their "induced preterm birth" group combined several heterogenous disorders, such as cesareans for PPROM complicated by chorioamnionitis before labor and inductions of labor or cesarean deliveries for hypertensive disorders. The high risk of neonatal sepsis associated with PPROM may well explain these results [START_REF] Furman | Clinical significance and outcome of preterm prelabor rupture of membranes: population-based study[END_REF]30 . In our study, we found three times as many confirmed or probable neonatal infections in the PPROM group than the preterm labor group, despite the final lack of any difference for the composite neonatal outcome. One previous study found PPROM to be associated with less morbidity than that in a group including preterm labor cases but also all other rare causes of preterm birth that could otherwise not be labeled [START_REF] Bonnevier | Underlying maternal and pregnancy-related conditions account for a substantial proportion of neonatal morbidity in late preterm infants[END_REF] . The group with vaginal bleeding related to abnormal placenta insertion had the highest rate of neonatal morbidity compared with the preterm labor group; this result is consistent with other studies assessing neonatal morbidity in women with antenatal vaginal bleeding 16 and in those with placenta previa [START_REF] Ananth | The effect of placenta previa on neonatal mortality: a population-based study in the United States, 1989 through 1997[END_REF] . The frequency of respiratory morbidity is highest in this group. Previous studies showed that placenta previa can be an independent risk factor for respiratory morbidity between 30 and 35 weeks of gestation and also after 37 weeks [START_REF] Bekku | High incidence of respiratory distress syndrome (RDS) in infants born to mothers with placenta previa[END_REF][START_REF] Schneiderman | A comparative study of neonatal outcomes in placenta previa versus cesarean for other indication at term[END_REF] , but they concerned only cesarean births. We found a higher frequency of necrotizing enterocolitis and hypoglycemia in suspected FGR-associated groups. This has previously been reported only for low birth weight [START_REF] Cotten | Modifiable Risk Factors in Necrotizing Enterocolitis[END_REF] . The studies have generally reported small-for-gestational age as a prognostic factor for late preterm births [START_REF] Gouyon | Neonatal problems of late and moderate preterm infants[END_REF]16,[START_REF] Rocha | Neonatal outcomes of late-preterm birth associated or not with intrauterine growth restriction[END_REF] They therefore did not consider the actual cause of the preterm birth, but only the birthweight, retrospectively, as a function of gestational age, regardless of any antenatal suspicion of FGR or any other cause of preterm delivery.

Several factors related to the cause were not included in the multivariate model because they were either not associated with neonatal risk (lack of health insurance, nulliparity) or were closely associated with practices involving a very strong indication bias, such as tocolysis or cesarean delivery. We did, on the other hand, adjust for gestational age and for the administration of antenatal corticosteroid therapy, two factors closely associated with neonatal outcome. Gestational age is one of the principal prognostic factors for late preterm births [START_REF] Engle | Morbidity and mortality in late preterm and early term newborns: a continuum[END_REF][START_REF] Gouyon | Neonatal problems of late and moderate preterm infants[END_REF][START_REF] Chen | Heterogeneity of preterm birth subtypes in relation to neonatal death[END_REF][START_REF] Kamath-Rayne | Subtypes of preterm birth and the risk of postneonatal death[END_REF] . The effectiveness of antenatal corticosteroid therapy administered before 34 weeks in reducing the risk of respiratory distress in infants born from 34 to less than 37 weeks has previously been reported [START_REF] Briceño-Pérez | Antenatal corticosteroid therapy: Historical and scientific basis to improve preterm birth management[END_REF] .

The strength of our study was to have included a large number of patients, very few with missing data (n=14, 1.25%). Our classification of preterm birth was established based on data recorded prenatally, collected in the medical file, and very detailed about the course of the pregnancy and decisions in advance of birth. It was adapted slightly to cover the disorders encountered most frequently in clinical practice with late preterm births. These antenatal assessments of disorders enable us to provide couples with better information about their fetus's prognosis and to adapt our management to that more specifically for late preterm birth as a function of its cause.

The interpretation of results is limited by our retrospective, single-center design. We have minimized the classification bias for causes and endpoints by having each medical file reviewed by an obstetrician and a pediatrician. Nonetheless, it is sometimes difficult to differentiate PPROM from spontaneous labor retrospectively. Defining PROM as deliveries that occurred more than 12 hours after the rupture of the membranes should nonetheless have reduced the effect of this specific issue. The extrapolation of these results can be debated because they come from a Level III maternity ward with an NICU, which is not representative of most maternity units that may have to manage late preterm births. Finally, because neurological complications and deaths are rare events [START_REF] Mcintire | Neonatal mortality and morbidity rates in late preterm births compared with births at term[END_REF][START_REF] Júnior | Late prematurity: a systematic review[END_REF] , our sample size did not allow us to analyze the association between these causes and either mortality or neurological complications.

The cause of late preterm birth is associated with overall neonatal morbidity. All causes of late preterm birth but PPROM were associated with at least twice the risk of neonatal morbidity than births caused by preterm labor. 

Figure 1 :

 1 Figure 1: Flow chart

Table 1 .

 1 Characteristics of late preterm births by causes of late preterm birth

	Singleton births at 34 and less than 37 weeks of	
	gestation, 2013-2017	
	N=1114	
		-Congenital and/or chromosomal
		abnormalities (n=17, 1.5%)
		-Fetal deaths (n=14, 1.25%)
		-Medical termination of pregnancy
		(n=9, 0.8%)
		-Missing data (n=14, 1.25%)
	Eligible live singleton births between 34 and	
	less than 37 weeks of gestation	
	N=1060	
	-Other rare cause of preterm birth
		(n= 63, 5.9%)
	-	Placental abruption occurring during
		pregnancy without prior complications
		(n=10, 0.9%)
	-Uncontrolled diabetes
		(n=19, 1.8%)
	Study population	
	N=968	

Table 2 .

 2 Neonatal morbidity criterion by cause of late preterm birth

		Preterm labor	PPROM	Hypertensive	Hypertensive	FGR	Placenta previa	P
				disorders	disorders	without hypertensive	or accreta	
				without FGR	with FGR	disorders		
		N=343	N =350	N = 88	N = 86	N = 56	N = 45	
		n (%)	n (%)	n (%)	n (%)	n (%)	n (%)	
	Composite neonatal morbidity criterion	63 (18.4)	76 (21.7)	32 (36.4)	39 (45.4)	28 (50)	23 (51.1)	<0.001
	Respiratory distress	48 (14)	51 (14.6)	26 (29.6)	21 (24.4)	13 (23.2)	21 (46.7)	<0.001
	Neurological complications							
	Intraventricular hemorrhage grade 1 & 2	1 (0.3)	3 (0.9)	1 (1.1)	1 (1.2)	2 (3.6)	0	0.23
	Intraventricular hemorrhage grade 3 & 4	0	1 (0.3)	0	0	0	0	0.88
	Seizure	0	0	0	0	0	0	0
	Neonatal sepsis							
	Confirmed	5 (1.5)	8 (2.3)	2 (2.3)	3 (3.5)	5 (8.9)	0	0.05
	Probable	3 (0.9)	16 (4.6)	1 (1.1)	1 (1.2)	2 (3.6)	1 (2.2)	0.03
	Severe necrotizing enterocolitis	1 (0.3)	2 (0.6)	1 (1.1)	3 (3.5)	2 (3.6)	0	0.03
	≥ Bell stage 2							
	Metabolic disorders	18 (5.3)	18 (5.1)	16 (18.2)	24 (27.9)	12 (21.4)	5 (11.1)	<0.001
	Hypoglycemia							
	PPROM, preterm premature rupture of membrane; FGR, fetal growth restriction				

Table 3 .

 3 Associations between the causes of late preterm birth and the composite neonatal morbidity criterion. Adjustment for gestational age and antenatal corticosteroid therapy. WG, weeks of gestation; PPROM, preterm premature rupture of membrane; FGR, fetal growth restriction; OR, odds ratio.

	Univariate analysis	Multivariate analysis*

*