Marie-Laure L Charkaluk 
email: charkaluk.marie-laure@ghicl.nettel
  
Patrick Truffert 
  
L Marchand-Martin 
  
S Mur 
  
Monique Kaminski 
  
Pierre-Yves Ancel 
  
Véronique Pierrat 
  
Charkaluk Ml 
  
Ancel Py 
  
  
  
Very preterm children free of disability or delay at age 2: predictors of schooling at age 8: a population-based longitudinal study

Keywords: very preterm children, follow-up study, schooling

ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

04/04/2011

A wide range of sequelae can occur after a preterm birth, and both families and neonatal teams are concerned with their early detection [START_REF] Dorling | Follow up of infants following discharge from the neonatal unit: structure and process[END_REF]. In the first 2 years, follow-up is directed toward the detection of disabilities, particularly in the motor and sensorial domains, and developmental delay [START_REF] Msall | Neurodevelopmental surveillance in the first 2 years after extremely preterm birth: Evidence, challenges, and guidelines[END_REF]. Cognitive functioning is one of the most commonly affected areas of neurodevelopment [START_REF] Saigal | An overview of mortality and sequelae of preterm birth from infancy to adulthood[END_REF] and can lead to poor academic achievement [START_REF] Anderson | Cognitive and educational deficits in children born extremely preterm[END_REF]. School difficulties are also described in preterm children with normal intelligence quotients (IQ), probably because of dysfunctions in areas that are not explored by global cognitive assessments [START_REF] Aylward | Cognitive and neuropsychological outcomes: more than IQ scores[END_REF], including behavioural problems [START_REF] Aarnoudse-Moens | Meta-analysis of neurobehavioral outcomes in very preterm and/or very low birth weight children[END_REF]. According to a recent meta-analysis, the disadvantage in cognitive function, academic achievement, and behavioural problems remains stable during late childhood and persists into early adulthood [START_REF] Aarnoudse-Moens | Meta-analysis of neurobehavioral outcomes in very preterm and/or very low birth weight children[END_REF]. A prolonged specific follow-up is therefore recommended [START_REF] Dorling | Follow up of infants following discharge from the neonatal unit: structure and process[END_REF]. However, follow-up lasting several years cannot be routinely achieved for all very preterm children by most neonatal teams as it is cost and time expensive. This follow-up tends to be stopped at age 1-2 for some children considered to have typical development, but this policy is not evidence-based. Attention is focused on children with impairments, and for children found to be free of severe disability around age 2, little is known about their cognitive prognosis and the factors affecting it [START_REF] Hack | Poor predictive validity of the Bayley Scales of Infant Development for cognitive function of extremely low birth weight children at school age[END_REF].

Longitudinal studies, with successive assessments of neurodevelopment at various ages, are appropriate for studying early predictors of later outcome, but such studies are scarce. Besides, most longitudinal studies are not population-based and can thus be subject to referral bias [START_REF] Hack | Poor predictive validity of the Bayley Scales of Infant Development for cognitive function of extremely low birth weight children at school age[END_REF][START_REF] Roth | Relation between neurodevelopmental status of very preterm infants at one and eight years[END_REF][START_REF] Koller | Patterns of cognitive development in very low birth weight children during the first six years of life[END_REF][START_REF] Ment | Change in cognitive function over time in very low-birth-weight infants[END_REF][START_REF] Voss | Neurodevelopmental outcome in extremely low birth weight infants: what is the minimum age for reliable developmental prognosis?[END_REF]. Many of them included children born before the surfactant era [START_REF] Roth | Relation between neurodevelopmental status of very preterm infants at one and eight years[END_REF][START_REF] Koller | Patterns of cognitive development in very low birth weight children during the first six years of life[END_REF][START_REF] Weisglas-Kuperus | Effects of biological and social factors on the cognitive development of very low birth weight children[END_REF], and inclusion criteria were mainly based on birth weight, except for Australian cohorts [START_REF] Roberts | The stability of the diagnosis of developmental disability between age 2 and 8 in a geographic cohort of very preterm children born in 1997[END_REF]. While some authors have found that cognitive performance of extremely low-birth-weight (ELBW) children improved during childhood [START_REF] Hack | Poor predictive validity of the Bayley Scales of Infant Development for cognitive function of extremely low birth weight children at school age[END_REF][START_REF] Ment | Change in cognitive function over time in very low-birth-weight infants[END_REF], Voss et al found that 15% of very preterm children considered to be well developed at age 4 were classified as disabled at age 6 [START_REF] Voss | Neurodevelopmental outcome in extremely low birth weight infants: what is the minimum age for reliable developmental prognosis?[END_REF]. Recently, Roberts et al underlined the poor agreement between disability status at age 2 and 8 for children born at 22-27 weeks of gestation, with some children improving and some worsening [START_REF] Roberts | The stability of the diagnosis of developmental disability between age 2 and 8 in a geographic cohort of very preterm children born in 1997[END_REF]. More mature very preterm babies, accounting for the majority of children eligible for systematic developmental follow-up, have not recently been the subject of a longitudinal study. The EPIPAGE study is a French population-based prospective cohort of children born before 33 weeks in 1997. Thus, not only extremely low gestational age children are 04/04/2011 included. In the Nord-Pas de Calais region, one of the nine regions surveyed in the study, a developmental assessment took place at 2 years corrected age (CA) [START_REF] Charkaluk | Neurodevelopment of children born very preterm and free of severe disabilities: the Nord-Pas de Calais Epipage cohort study[END_REF]. Children were followed until the age of 8, which allowed a longitudinal analysis of their development. The main objective of the present study was to assess the predictive value of a psychometric assessment at 2 years CA in very preterm children free of disability or delay at age 2 for schooling at age 8, particularly the predictive value of a high score at this psychomotor assessment at age 2 for normal schooling at age 8. A secondary objective was to identify other factors associated with schooling at age 8 among children free of disability or delay at 2 years CA once their psychomotor assessment at 2 years CA was taken into account.

POPULATION AND METHODS

Study population

All births between 22 and 32 completed weeks of gestation in all maternity units in the Nord-Pas de Calais region in 1997 were included in the EPIPAGE cohort study. Follow-up involved postal questionnaires and medical and psychometric assessments up to the age of 8 years. Informed consent was obtained from the families of all children participating in the study. The study received the approval of the Commission Nationale de l'Informatique et des Libertés.

Data collection

Gestational age (GA) refers to completed weeks of amenorrhoea, and the values reported are the best obstetric estimate on the basis of the date of the last menstrual period and an early prenatal ultrasound. The mother's educational level was collected during the neonatal hospitalisation and completed at follow-up when missing. It was classified into three categories: low (elementary school or lower secondary education), intermediate (upper secondary education) or high (university).

Paediatricians from the neonatal teams performed a neurological examination as well as an assessment of hearing and vision at 2 years CA [START_REF] Charkaluk | Neurodevelopment of children born very preterm and free of severe disabilities: the Nord-Pas de Calais Epipage cohort study[END_REF]. Head circumference was measured and assessed with the World Health Organisation reference curves for corrected age and gender [START_REF]Child growth standards. Head circumference-for-age tables[END_REF]. Cerebral palsy (CP) was defined according to the European Cerebral Palsy Network [START_REF]Surveillance of cerebral palsy in Europe. Surveillance of cerebral palsy in Europe: a collaboration of cerebral palsy surveys and registers. Surveillance of Cerebral Palsy in Europe (SCPE)[END_REF]. The revised Brunet-Lézine 04/04/2011 (BLR) scale was used to assess development [START_REF] Josse | Echelle de développement psychomoteur de la première enfance[END_REF]. This early childhood psychomotor development scale yields a global developmental quotient (DQ) with a mean of 100 and a standard deviation (SD) of 15. We were interested in children free of disabilities, i.e. without CP, blindness or requirement of a hearing aid, and free of developmental delay, defined as a global DQ less than 70 in the absence of disability [START_REF] Patrianakos-Hoobler | Predicting school readiness from neurodevelopmental assessments at age 2 years after respiratory distress syndrome in infants born preterm[END_REF].

At age 5, children were invited for a global assessment with a physician and a psychologist [START_REF] Larroque | Neurodevelopmental disabilities and special care for 5-year-old children born before 33 weeks of gestation (the EPIPAGE study): a longitudinal cohort study[END_REF]. The Kaufman Assessment Battery for Children (K-ABC) was used to assess cognitive function [START_REF] Kaufman | Kaufman assessment battery for children[END_REF]. The mental processing composite (MPC) scale, which is considered to be equivalent to IQ, is a global measure of cognitive ability in two dimensions: a sequential processing scale and a simultaneous processing scale.

When the child was 8 years old, a postal questionnaire was sent to the parents with questions about schooling. Parents were asked in which kind of school and class was their child, and also if their child received a support at school, defined as extra teacher in or outside the classroom, extra teaching hours at the school itself, intervention of a psychologist or another person at school. Schooling was divided into 4 categories: 1. Age-appropriate grade level in a regular classroom environment without support at school; 2. Age-appropriate grade level in a regular classroom environment with support at school; 3.

Regular classroom environment with one grade retained; 4. Specialised school or class.

In France, children enter elementary school in September of the civil year of their 6 th birthday, whatever GA at birth. If a child is found to have school difficulties, a personalised help can be provided at school, by the teacher him/herself, or a specialised teacher or a psychologist. If these helps are not sufficient, grade retention can be proposed.

Statistical analysis

Before the analysis, children eligible for the present study at 2 years CA but with missing information on schooling at age 8 were compared to children with information at both ages.

We first studied the relationship between global DQ at age 2 and schooling at age 8. DQ was considered a categorical variable, with 85 (-1 SD) or 100 (mean) as thresholds. Schooling was considered as appropriate if the child was attending age-appropriate grade level without support at 04/04/2011 school. Predictive values of DQ with the different thresholds for appropriate schooling were calculated.

Other factors associated with schooling at age 8 when DQ was taken into account were also studied.

As DQ and MPC showed high colinearity, they could not be included in the same model to predict schooling. A stratified analysis was then conducted, comparing the rates of normal schooling at different levels of MPC at age 5 in each category of the DQ. MPC was trichotomised using the mean (106) and -1 SD (88) of the term-born children in the control group of the EPIPAGE cohort study as thresholds [START_REF] Larroque | Neurodevelopmental disabilities and special care for 5-year-old children born before 33 weeks of gestation (the EPIPAGE study): a longitudinal cohort study[END_REF]. The chi-square test or Fischer's exact test was used when necessary.

Lastly, we studied the relation between schooling classified in two categories, appropriate or not appropriate, and GA, mother's educational level and head circumference at 2 years CA in univariate analysis (chi-square or Fischer's exact test) and then using a multivariate logistic regression model after adjustment for DQ. These variables were chosen considering the aim of the study. Variables associated with the outcome at p < 0.20 in the univariate analysis were included in the multivariate model. STATA, version 9.0, was used to perform univariate and multivariate analyses (Stata Corp, College Station, Texas, USA). A p-value less than 0.05 was considered significant.

RESULTS

The study population is described in Figure 1. In the Nord-Pas de Calais region, 634 children were born before 33 weeks of gestation in 1997, and 548 survived to discharge. Two were excluded because of congenital abnormalities interfering with neurodevelopment and 461 underwent a medical examination at 2 years CA (84%). The current study population included the 339 children who underwent a physical examination and a psychometric assessment at age 2 and were considered free of disability or delay. Among these 339 children, data on schooling at age 8 were available for 244 (72%). The perinatal and sociodemographic data of the study population as well as the characteristics of those lost to follow-up are summarised in Table 1. Children lost to follow-up at age 8 had a higher GA and their mothers had a lower educational level, but the differences were small.
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Children were first assessed at a mean corrected age of 23 ± 1 months. Mean DQ was 97 ± 12 for the 244 children studied at both ages. DQ was between 70 and 84 in 38 children (16%), between 85 and 99 in 95 (39%) and 100 or higher in 111 (45%). Data on schooling were collected at a mean age of 107 ± 4 months. Overall 172 children were in age-appropriate grade levels in regular classroom environments without support at school (70%). Twenty were attending age-appropriate grade levels in regular classroom environment with support at school (8%), 40 were in regular classroom environment having repeated a grade (16%) and 12 were attending specialised schools or classes (5%).

Seventeen very preterm children with a DQ of 70-84 attended appropriate schooling (45%), 66 of those with a DQ 85-99 (69%) and 89 of those with a DQ of 100 or higher did so. No child with a DQ of 100 or higher was in specialised school or class. Thus, the predictive value of a DQ ≥ 85 for attending appropriate schooling was 0.75 (95% CI: [0.68;0.82)]. The predictive value of a DQ ≥ 100 for attending appropriate schooling was 0.80 (95% CI: [0.75;0.85]).

The MPC score was available for 217 children. The analysis of schooling according to assessments at age 2 and age 5 is detailed in Table 2. When DQ at age 2 was between 70 and 84 or 85 and 99, rates of appropriate schooling varied significantly according to their MPC level at age 5. When MPC was ≥ -1SD, even though DQ at age 2 was < 100 (n = 59), schooling was appropriate for 54 children (92%).

No child with a MPC ≥ 85 at age 5 was in a specialised school or class, even after having had a DQ equal to 70-99. However, for children with a DQ ≥ 100 at age 2, no significant relation was found between their MPC level at age 5 and the rate of appropriate schooling at age 8.

In univariate analysis, schooling at age 8 was associated with GA, mother's educational level and head circumference at age 2 (p<0.20) (Table 3). All these associations remained significant in multivariate analysis.

DISCUSSION

This population-based study examined schooling at age 8 of children born very preterm who were free of disability or delay at age 2. Schooling at age 8 was related to the global developmental assessment, 04/04/2011 available at 2 years CA, an age when it is possible to identify whether or not the child is free of serious disability or delay. In order to ensure a good predictive value for a favourable outcome, the threshold for the global DQ at 2 years CA had to be 100. We found that when the global DQ was less than 100, schooling at age 8 differed in relation to MPC at age 5. While the Brunet-Lezine test positions the child on a global scale evaluating development in four domains (gross and fine motor functions, language and sociability) [START_REF] Josse | Echelle de développement psychomoteur de la première enfance[END_REF], MPC measures intelligence considered as "a style, peculiar to each individual, characterised by his way of solving problems and treating information" [START_REF] Kaufman | Kaufman assessment battery for children[END_REF]. This is important for parental counselling and substantiates the possible catch-up [START_REF] Hack | Poor predictive validity of the Bayley Scales of Infant Development for cognitive function of extremely low birth weight children at school age[END_REF][START_REF] Ment | Change in cognitive function over time in very low-birth-weight infants[END_REF].

Social environment is known to be associated with cognitive abilities and schooling in full-term and preterm children [START_REF] Hack | Poor predictive validity of the Bayley Scales of Infant Development for cognitive function of extremely low birth weight children at school age[END_REF][START_REF] Ment | Change in cognitive function over time in very low-birth-weight infants[END_REF][START_REF] Kaufman | Kaufman assessment battery for children[END_REF][START_REF] Largo | Predicting developmental outcome at school age from infant tests of normal, at risk and retarded infants[END_REF]. Parental education is an important component of social environment and is unlikely to change markedly over time. That is why mother's educational level is widely used in follow-up studies of very preterm children. Many mediators of the social effects on academic achievement have been studied [START_REF] Mcloyd | Socioeconomic disadvantage and child development[END_REF]. They include fewer social, educational and material resources which could buffer the negative effects of preterm birth. As well as for term-born children, lack of cognitive stimulation, quality of the child's home environment, interactions between parents and child and parent's status as role models could also be involved [START_REF] Mcloyd | Socioeconomic disadvantage and child development[END_REF]. All these factors play a different role at different periods of the child's development. This may explain why the relation between mother's educational level and schooling persists after adjustment for global DQ at 2 years CA, which is already related to social environment [START_REF] Charkaluk | Neurodevelopment of children born very preterm and free of severe disabilities: the Nord-Pas de Calais Epipage cohort study[END_REF][START_REF] Fily | Factors associated with neurodevelopmental outcome at two years after preterm birth: The population based Nord-Pas-de-Calais EPIPAGE cohort[END_REF].

Microcephaly at 2 years is known to be associated with poorer cognitive development in preterm children [START_REF] Cheong | Head growth in preterm infants: correlation with magnetic resonance imaging and neurodevelopmental outcome[END_REF][START_REF] Kuban | Developmental correlates of head circumference at birth and two years in a cohort of extremely low gestational age newborns[END_REF]. In our selected population of children free of disability or delay at 2 years CA, only 7% of children had a head circumference less than -1 SD at 2 years CA. This low percentage is partly explained by the use of corrected age, in accordance with what was used for psychometric evaluation.

Trajectories of head growth could improve model accuracy but were not available in our data set.
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The association between GA and schooling at age 8 remained statistically significant in the multivariate analysis once the global DQ was taken into account. Thus, the role played by a GA ≥ 29 weeks in appropriate schooling was not entirely explained by overall development at age 2, because so many more organised skills or appropriate behaviours are needed at school age. One can hypothesize that brain vulnerability is higher before 29 weeks of gestation [START_REF] Ment | Imaging biomarkers of outcome in the developing preterm brain[END_REF].

Our study has several strengths: it was population-based and thus not subject to referral bias. Not only ELBW or extremely preterm children were included, but all very preterm children. Children studied were born in the surfactant era and can be considered representative of current practices. The question is original, because of its practical clinical perspective: we sought to give paediatricians tools to set up an individual follow-up program for a child free of disability or delay at 2 years CA, according to his or her psychometric evaluation and a few other simple data (GA, mother's educational level, head circumference). For this reason, the analysis was restricted to children free of disability or delay and we focused on the predictive value of a high score.

We are aware of several limitations. Children with missing data at age 8 differed slightly from those included in the study. We had previously shown that children lost to follow-up at age 2 were socially and medically disadvantaged [START_REF] Charkaluk | Neurodevelopment of children born very preterm and free of severe disabilities: the Nord-Pas de Calais Epipage cohort study[END_REF]. Thus, our descriptive analysis of cognitive abilities at age 5 and schooling at age 8 is likely to be too optimistic. We might have missed some children with a low DQ and an inappropriate schooling. The predictive value of a low DQ would be biased, but the predictive value of a DQ ≥ 100 is probably less affected.

The number of events (inappropriate schooling) was a limitation for the number of risk factors we could study. No data about behaviour at age 2 were available, so this factor could not be studied.

Schooling is a complex outcome, because it depends on the cognitive abilities of the child but also on behaviour, fine motor skills, visual-spatial integration and executive functions. All these domains may be impaired in preterm children, and this study did not explore them [START_REF] Anderson | Cognitive and educational deficits in children born extremely preterm[END_REF][START_REF] Aarnoudse-Moens | Meta-analysis of neurobehavioral outcomes in very preterm and/or very low birth weight children[END_REF]. Schooling is also a result of the family's resources and motivation to maintain the child in a regular classroom environment, which in some cases makes the interpretation on the relationship between social environment and schooling 04/04/2011 difficult. Lastly, it may depend on the country's education policy, which is a limitation for international comparisons.

We agree that 2 years is not a satisfying end-point for epidemiologic surveys in very preterm children.

However, births before 32 weeks account for 0.7-1.4% of births in Europe [START_REF] Eurocat | European perinatal health report[END_REF] and a specific neurodevelopmental follow-up until school age for all these babies cannot be routinely achieved. Our study estimates the predictive value of a psychometric evaluation at 2 years CA for schooling at age 8.

Using GA, head circumference at age 2 and mother's educational level together with global DQ could lead to individualisation of follow-up after 2 years CA, given that time and resources are limited. The appropriate follow-up that could be offered to these children depends on each country's policy for preventive care throughout childhood. Among children with a DQ < 100 at age 2, an evaluation of cognitive abilities at age 5 is necessary to clarify school outcome. Further studies are needed in order to confirm these findings in a larger group of children.
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04/04/2011 obtained at age 2. The predictive value of a DQ ≥ 100 for an appropriate schooling was 0.80 (95% CI: [0.75;0.85]). This predictive value has to be considered in respect with the finding that 90 % of the term-born children in the control group of the EPIPAGE cohort study have an appropriate schooling at age 8 (data not shown). For very preterm children with a DQ < 100, schooling at age 8 differed according to MPC category at age 5, and was appropriate in 92% children with a MPC score ≥ -1 SD.

The association between schooling and GA, head circumference at 2 years CA and mother's educational level remained significant after adjustment for global DQ.

In our study, mean DQ at 2 years CA is higher that what is usually reported, even for the same range of GA [START_REF] Stoelhorst | Developmental outcome et 18 and 24 months of age in very preterm children: a cohort study from 1996 to 1997[END_REF][START_REF] Fily | Factors associated with neurodevelopmental outcome at two years after preterm birth: The population based Nord-Pas-de-Calais EPIPAGE cohort[END_REF]. This is explained by the exclusion of children with disability, mainly CP, as gross motor function is part of global DQ [START_REF] Josse | Echelle de développement psychomoteur de la première enfance[END_REF], and also of children with a DQ < 70. These exclusions were decided in accordance with the aim of the study, because the questions about the later follow-up for these children are not asked the same way as for children free of disability or delay.

In children born at term, the predictive value of early developmental tests for later intellectual functioning is generally considered poor. However, more than 98% of children born at term with a global DQ ≥ 85 achieve an IQ ≥ 85 [START_REF] Largo | Predicting developmental outcome at school age from infant tests of normal, at risk and retarded infants[END_REF]. Prediction of later development in children born very preterm is very controversial [START_REF] Voss | Neurodevelopmental outcome in extremely low birth weight infants: what is the minimum age for reliable developmental prognosis?[END_REF][START_REF] Latal | Prediction of neurodevelopmental outcome after preterm birth[END_REF]. Early prediction of later development is considered to be good for major impairments [START_REF] Latal | Prediction of neurodevelopmental outcome after preterm birth[END_REF]. Negative predictive values are not always considered useful [START_REF] Hack | Poor predictive validity of the Bayley Scales of Infant Development for cognitive function of extremely low birth weight children at school age[END_REF]. When studied, some authors have found psychometric evaluation to have a good negative predictive value [START_REF] Hack | Poor predictive validity of the Bayley Scales of Infant Development for cognitive function of extremely low birth weight children at school age[END_REF][START_REF] Patrianakos-Hoobler | Predicting school readiness from neurodevelopmental assessments at age 2 years after respiratory distress syndrome in infants born preterm[END_REF].

Other authors studied changes in disability classification between two evaluations and found that the disability status could either improve or deteriorate [START_REF] Voss | Neurodevelopmental outcome in extremely low birth weight infants: what is the minimum age for reliable developmental prognosis?[END_REF][START_REF] Roberts | The stability of the diagnosis of developmental disability between age 2 and 8 in a geographic cohort of very preterm children born in 1997[END_REF]. Some children, whose early performance is within the normal range, may not adjust to the increasing demand in cognitive functioning with increasing age [START_REF] Roth | Relation between neurodevelopmental status of very preterm infants at one and eight years[END_REF][START_REF] Voss | Neurodevelopmental outcome in extremely low birth weight infants: what is the minimum age for reliable developmental prognosis?[END_REF]. Others may be able to catch up as early medical complications resolve [START_REF] Ment | Change in cognitive function over time in very low-birth-weight infants[END_REF]. This may explain why some authors have described different developmental patterns, which are influenced by biomedical factors as well as maternal education [START_REF] Koller | Patterns of cognitive development in very low birth weight children during the first six years of life[END_REF][START_REF] Wang | Preterm infants of educated mothers have better outcome[END_REF].

The originality of our study was to focus on individual prediction of normal schooling taking into account not only early global DQ but also other perinatal and sociodemographic factors or data
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