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The aim of this study was to explore the relationship between physical activity during pregnancy (PADP) and the development of hyperactivity-inattention symptoms (HIS) in children at the age of 5. Our study was conducted using two birth cohorts: EDEN and ELFE. In EDEN, the Baecke Questionnaire (BQ) was used to evaluate the frequency of physical activity (PA) in 3 domains: occupational, sports/exercise, and leisuretime/locomotive activity during the first trimester of pregnancy in 1083 women. Scores of each domain were rated on a five-point Likert scale, from 1 (low) to 5 (high). In ELFE, the Pregnancy Physical Activity Questionnaire (PPAQ) was used to assess PA levels in 5 domains: household/care-giving, occupational, sports/exercise, transportation and home leisure (or leisure-time sedentary behavior) during the third trimester in 8760 women. Scores for each PA in each domain were calculated by multiplying the time spent doing the activity by its intensity in MET (Metabolic Equivalent of Task). HIS were assessed around 5 years using the Strengths and Difficulties Questionnaire (SDQ) in both cohorts. Advanced statistical methods including multiple imputation to treat missing data and inverse probability weighting to correct the attrition bias were used. Associations between PADP and odds of high HIS scores (≥ 90th percentile) were determined by logistic regression analysis, with adjustment for potential confounding factors. Adjusted models in ELFE showed that higher levels of leisure-time sedentary behaviors were associated with increased odds of high HIS scores in children (OR = 1.11 [1.04, 1.18]), while higher levels of sport were associated with decreased odds of high child HIS scores (OR = 0.89 [0.80, 0.94]). No significant associations were found between PADP (total and by domains) and the development of HIS in EDEN. Recommendations should consider maternal levels of leisure-time sedentary behaviors during pregnancy to prevent behavioral problems for future offspring.

RÉSUMÉ

L'objectif de cette étude était d'explorer la relation entre l'activité physique pendant la grossesse (APPG) et le développement des symptômes d'hyperactivité-inattention (SHI) chez les enfants à l'âge de 5 ans. Notre étude a été conduite à partir de deux cohortes de naissance EDEN et ELFE. Dans EDEN, le questionnaire de Baecke (BQ) a été utilisé pour évaluer la fréquence de l'activité physique (AP) au cours du premier trimestre de la grossesse de 1083 femmes dans 3 domaines: professionelles, sport/exercice et loisirs/activité de locomotive. Le score de chaque domaine a été évalué sur une échelle de Likert en cinq points, de 1 (faible) à 5 (élevé). Dans ELFE, le questionnaire sur l'activité physique pendant la grossesse (PPAQ) a été utilisé pour mesurer les niveaux d'AP au cours du troisième trimestre de 8760 femmes dans 5 domaines: professionelles, ménage/garde d'enfant, sports/exercice, transport et loisirs à la maison (ou comportement sédentaire pendant les loisirs). Le score de chaque AP dans chaque domaine a été calculé en multipliant le temps passé à faire une activité par son intensité en MET (Metabolic Equivalent of Task). Les SHI ont été évalués à environ 5 ans à l'aide du questionnaire SDQ (Strengths and Difficulties Questionnaire) dans les deux cohortes. Des méthodes statistiques avancées comprenant des imputations multiples pour traiter les données manquantes et une pondération de probabilité inverse pour corriger le biais d'attrition ont été utilisées. Les associations entre le PADP et la probabilité d'un score HIS élevé (≥ 90ème percentile) ont été déterminées par l'analyse de régression logistique, avec l'ajustement sur les facteurs de confusion potentiels. Les modèles ajustés dans ELFE ont montré que des niveaux plus élevés de comportements sédentaires étaient associés à une probabilité accrue d'un score HIS élevé chez les enfants (OR = 1,11 [1,04, 1,18]), tandis que des niveaux de sport plus élevés étaient associés à une probabilité réduite d'un score HIS élevé chez l'enfant (OR = 0,89 [0,80, 0,94]). Aucune association significative n'a été trouvée entre le APPG (total et par domaines) et le développement du SHI dans EDEN. Les recommandations devraient tenir compte des niveaux maternels de comportements sédentaires pendant les loisirs au cours de la grossesse pour aider à prévenir les problèmes de comportement chez les futurs enfants.

Mots-clés: activité physique, hyperactivité-inattention, parcours de vie, développement de l'enfant
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1.

INTRODUCTION 1.1 Background

The notion of "Developmental Origins of Health and Disease" (DOHaD) states that environmental factors during the preconceptional, prenatal, and/or early postnatal periods have a major impact on the state of health and disease risk in later childhood and adulthood [START_REF] Gluckman | The developmental origins of health and disease[END_REF] .

The first 1000 days of a children's life (from conception to age two) are crucial for child development, including health and well-being 2 . The child's brain grows at a faster rate at this time than at any other [START_REF] Cusick | The first 1,000 days of life: The brain's window of opportunity[END_REF] . As a result, the child's and adult's future health capital is built during this period.

The earlier children are exposed to an unhealthy environment, the more detrimental it is to their future health. Thus, the first 1000 days of life represent a window of preventive opportunity.

Attention Deficit Hyperactivity Disorder (ADHD) is one of the most common neurodevelopmental disorders in children [START_REF] Greenhill | Practice parameter for the use of stimulant medications in the treatment of children, adolescents, and adults[END_REF][START_REF] Perrin | Clinical practice guideline: treatment of the schoolaged child with attention-deficit/hyperactivity disorder[END_REF] . Hyperactivity-inattention symptoms (HIS) are two diagnostic criteria of the ADHD [START_REF] Hall | The validity of the Strengths and Difficulties Questionnaire (SDQ) for children with ADHD symptoms[END_REF] . Hyperactive or distracted children frequently have difficulties at school, at home, or in leisure activities, as well as in their interactions with teachers and peers [START_REF] Rønning | The Strengths and DifficultiesSelf-Report Questionnaire as a screening instrument in Norwegiancommunity samples[END_REF] . Although ADHD is a highly heritable disorder, there is growing evidence that prenatal factors such as maternal lifestyle or psycho-social factors, are also potential risk factors for ADHD symptomology 8 .

To our knowledge, there have been no studies on the association between maternal exercise during pregnancy and the development of HIS in children. However, However, there is growing interest in the effect of prenatal environment on children's neurodevelopment, and emerging evidence from both epidemiological and animal studies that higher levels of PA during pregnancy may have a beneficial effect on offspring neurodevelopement [START_REF] Shuffrey | Prenatal Risk Factors and Neurodevelopment[END_REF] . Physical activity during pregnancy (PADP) has been suggested to have beneficial effects on children's neurodevelopment [START_REF] Álvarez-Bueno | Pregnancy leisure physical activity and children's neurodevelopment: a narrative review[END_REF] . One of the neurotrophic factors that plays an important role in neuronal survival, synaptic plasticity, learning, and memory is brain-derived neurotrophic factor (BDNF) [START_REF] Lu | BDNF and synaptic plasticity, cognitive function, and dysfunction. Neurotrophic factors[END_REF] . An animal model has demonstrated that exercise during pregnancy had long-term neuroplastic impacts on BDNF levels and absolute cell counts in offspring rats' brains, namely in the hippocampus formation, a brain area critical for memory, learning, and emotional responses [START_REF] Da Silva | Maternal exercise during pregnancy increases BDNF levels and cell numbers in the hippocampal formation but not in the cerebral cortex of adult rat offspring[END_REF] . In humans, previous research has found that PADP is linked to greater scores in orientation, emotional regulation, academic success, and cognition in offspring [START_REF] Martinez-Gomez | Maternal physical activity before and during the prenatal period and the offspring's academic performance in youth. The UP\&DOWN study[END_REF][START_REF] Mandolesi | Effects of physical exercise on cognitive functioning and wellbeing: biological and psychological benefits[END_REF][START_REF] Lemoyne | The effects of exercise during pregnancy on the newborn's brain: study protocol for a randomized controlled trial[END_REF] .

Thus, we can hypothesize that there may be an inverse association between PADP and the development of HIS in children.

Physical activity is broadly defined as all movements of everyday life that are realized in different domains including leisure-time, occupation, household chores and transportation [START_REF] Bull | World Health Organization 2020 guidelines on physical activity and sedentary behaviour[END_REF] . Previous studies that examined the relationship between PADP and child neurodevelopment generally focused on leisure-time PADP (i.e., exercise programs, sports as well as walking, swimming and other leisuretime physical activities) which constitutes only a small part of the total daily activity of pregnant women, while other domains, in particular household/childcare activities which often make up the most significant part of a pregnant woman's daily routines, are usually ignored [START_REF] Kull | Relationship between low depressiveness and domain specific physical activity in women[END_REF] . This limits the ability to accurately assess the effect of overall daily PADP on offspring neurodevelopment. Current physical activity guidelines around the world [START_REF] Evenson | Guidelines for physical activity during pregnancy: comparisons from around the world[END_REF] , including the French ones [START_REF]Actualisation des repères du PNNS -Révisions des repères relatifs à l'activité physique et à la sédentarité[END_REF] , recommend that pregnant women without medical contra-indication engage in sufficient amount of moderateintensity physical activity (generally around 150 minutes per week, at least 3 days a week) to prevent pregnancy complications (such as gestational diabetes and hypertension) and optimize maternal-fetal health. However, despite the recognized benefits of PADG for both the mother and the offspring, most pregnant women do not practice any form of exercise and tend to decrease their level of physical activity as they progress through pregnancy, including household and occupational activities [START_REF] Nascimento | Physical activity patterns and factors related to exercise during pregnancy: a cross sectional study[END_REF] . Although all domains of PA are generally regarded as having beneficial effects on health, some studies suggest that they may have differential effects, in particular during pregnancy [START_REF] Aune | Physical activity and the risk of gestational diabetes mellitus: a systematic review and dose-response metaanalysis of epidemiological studies[END_REF] . Thus, it is important to consider the potential effects of different domains of physical activity during pregnancy, as well as of global physical activity level on the development of HIS in offspring.

In this investigation, we also considered the impact of sedentary behaviors on the development HIS in children. Sedentary behaviors are defined as any waking behavior characterized by an energy expenditure ≤1.5 metabolic equivalents (METs) while in a sitting, reclining, or lying posture [START_REF] Hegaard | Leisure time physical activity during pregnancy and impact on gestational diabetes mellitus, pre-eclampsia, preterm delivery and birth weight: a review[END_REF] . It must be highlighted that physical activity and sedentary behaviors are not the opposite of each other [START_REF] Thivel | Physical activity, inactivity, and sedentary behaviors: definitions and implications in occupational health. Front public Heal[END_REF] . For example, women can be physically active during leisure-time (e.g., walk for exercise at least 30 minutes a day on most days of the week which corresponds to recommendations) while at the same time spend a lot of time being sedentary (e.g., spend large amount of time watching TV or videos at home or using a computer and being in a seated position at work). It is now recognized that inactivity (defined as not meeting physical activity recommendations) and sedentary behavior are two different dimensions of "movement behavior", that have different and independent effects on metabolism and physical function. While it has been reported that pregnant women spend more than half of their waking time being sedentary, research exploring the effect of sedentary behavior during pregnancy on maternal perinatal health is limited. A systematic review reported that sedentary behaviors were significantly higher among women who delivered macrosomic infants [START_REF] Fazzi | Sedentary behaviours during pregnancy: a systematic review[END_REF] .

Macrosomia was associated with an increased risk of clinically significant externalizing problems in children [START_REF] Van Lieshout | Macrosomia and psychiatric risk in adolescence[END_REF] . Further, another study has demonstrated that externalizing problems were associated with hyperactivity/impulsivity symptoms of ADHD in children [START_REF] Sevincok | ADHD symptoms in relation to internalizing and externalizing symptoms in children: The mediating role of sluggish cognitive tempo[END_REF] . Thus, in this study, we also examined the influence of sedentary behavior in leisure-time during pregnancy on the development of HIS in children.

Study objective

To investigate the association between maternal PAPD and the development of HIS in 5 year-old children in the EDEN and ELFE cohorts. the a priori hypothesis is that higher levels of sports and moderate-to-vigorous physical activity in general during pregnancy will be associated with a reduced offspring HIS, whereas higher levels of sedentary behavior would be associated with greater development of HIS.

MATERIALS AND METHODS

Study design

EDEN

The EDEN (Etude des déterminants pré et postnataux précoces du Développement et de la santé de l'ENfant) cohort [START_REF] Heude | Cohort Profile: The EDEN mother-child cohort on the prenatal and early postnatal determinants of child health and development[END_REF] Information related to sociodemographic and pre-and postnatal maternal and child health were collected from: 1) medical records, 2) face-to-face interviews and 3) self-completed questionnaires.

Written consent was obtained from the mother for herself at inclusion and for her newborn child after delivery.

ELFE

The ELFE (Etude Longitudinale Française depuis l'Enfance) cohort [START_REF] Charles | Cohort Profile: The French national cohort of children (ELFE): birth to 5 years[END_REF] was launched in 2011 with 18,329 children born in 349 maternity units in metropolitan France. The objective of ELFE is to better understand the relationship between child development and the environment. Participating mothers had to know one of four languages: English, French, Arabic or Turkish to be able to give explicit consent. Collection of maternity data were realized via interviews and through selfcompleted questionnaires. Obstetrical characteristics were collected from maternal recall and from medical records. Ethical aspects of data collection in ELFE were approved by CNIL and Advisory Committee on Information Processing for Health Research.

Exposure assessment

In the EDEN cohort, data on maternal physical activity during the first trimester of pregnancy were assessed by an adapted French version of Baecke questionnaire (BQ, Annex 1 & Annex 2), a validated measure of habitual physical activity for adults [START_REF] Baecke | A short questionnaire for the measurement of habitual physical activity in epidemiological studies[END_REF] . This questionnaire was self-reported by 1831 participating mothers at 24-28 weeks gestation and referred to the frequency of physical activity performed during the first trimester of pregnancy. The BQ has a total of 16 questions classified into three main domains -occupational, leisure/transport (i.e., leisure-time activities such as walking, biking, swimming, watching TV, and walking/biking to and from work) and sports (except walking, biking and swimming) -each rated on a five-point Likert scale, from 1 (low) to 5

(high). The sum of these three scores constituted the overall physical activity score (range 3 to 15).

In the ELFE cohort, data on physical activity during the third trimester of pregnancy came from the "Lifestyle" self-administered questionnaire which was completed after birth. Questions related to physical activity are derived from the Pregnancy Physical Activity Questionnaire (PPAQ,

Annex 3), one of the few existing questionnaires which has been has been developed specifically for pregnant women and validated in this population [START_REF] Chasan-Taber | Development and validation of a pregnancy physical activity questionnaire[END_REF] Home leisure watching television, using the computer, etc.

2.3

Outcome assessment

The Strengths and Difficulties Questionnaire (SDQ) questionnaire was used to assess HIS in 5-yearold children. The SDQ is a self-administered questionnaire (in this case, completed by parents) that measures the emotional, behavioral and relational difficulties experienced by children [START_REF] Sochos | Parental Attachment Style and Young Persons' Adjustment to Bereavement[END_REF] . It has 25 questions with answers scaled from 0 to 2 (from "Not true (0 points)" to "A little true (1 point)" to "Very true (2 points)") and includes 5 domains: Emotional difficulties, Behavior problems, Inattention/Hyperactivity, Relationship difficulties and Pro-social behavior. Higher scores indicate increased difficulties in the behavioral domain, with the exception of the prosocial behavior score.

The resulting score from each domain can range from 0-10. Data on HIS were collected for 1057 children in EDEN and 8760 in ELFE. For the main analyses in this study, we used the 90th percentile to create thresholds to divide children into two groups: no high HIS score (<90th percentile) and with high HIS score (≥90th percentile). In this way, we obtained a cut-off at 6 in EDEN and 7 in ELFE.

Study samples

Among the 2002 participating mothers enrolled in the EDEN cohort, 1907 were still followed-up at delivery (Figure 1). Mother-child pairs were excluded from the study if one of the following criteria was met: births < 34 weeks, mothers with total activity score (including scores for physical activity at work, during leisure and sport) not validated, i.e. one of these three scores is missing, women with medical contraindications to the practice of physical activity and 5-year-old children with incomplete SDQ questionnaires. Finally, our study sample in EDEN consisted of 1057 children.

In ELFE, after the withdrawal of 59 women, we were left with a population of 18,270 children at the start of the study (Figure 2). Eligible mother-child pairs had to fulfill the following criteria: births > 37 weeks, mothers with a validated total physical activity score, women without medical contraindications to the practice of physical activity and 5-year-old children with completed SDQ questionnaires. In total, 8760 children were included in our ELFE study.  Maternal lifestyle before and during pregnancy: maternal smoking during pregnancy (no / yes) alcohol intake in pregnancy (no / yes), Western dietary profiles score prepregnancy [START_REF] Ba\"\iz | Maternal diet before and during pregnancy and risk of asthma and allergic rhinitis in children[END_REF] (in EDEN only) and pregnancy diet quality score (score of adherence to the National Nutrition guidelines for pregnant women; ELFE) [START_REF] Kadawathagedara | Adéquation des consommations alimentaires des femmes enceintes de l'étude ELFE aux recommandations du Programme national nutrition santé[END_REF] .

 Children's sociodemographic characteristics: sex (boy / girl) and age at 5 year follow-up (months).

Statistical analysis

Descriptive analyses

Baseline characteristics of the study population by categories of HIS scores were described using X² tests for categorical variables, and t-tests for continuous variables. Quantitative variables were presented using the mean and standard deviation while qualitative variables were reported in terms of frequency.

Multiple imputation

Missing data is a common problem in cohort studies. The percentage of missing data for exposures, outcome and covariates from birth to 5 years ranged from 0 to 45.2 % in EDEN; whereas in ELFE it was between 0 and 37.7%. Assuming that missing data in our study is Missing at random (MAR), which is systematically related to the observed but not the unobserved data, we used multiple imputation (MI) to deal with this type of missing data.

Before running MI, we created an original dataset with independent variables which may be predictive of missingness. Following Pedersen et al. [START_REF] Pedersen | Missing data and multiple imputation in clinical epidemiological research[END_REF] we included all variables used for subsequent analysis including: exposures, covariates, outcome, and variables associated with attrition. Auxiliary variables were also included to reduce bias and improve estimates' precision; they were selected based on the literature and knowledge of the data. Finally, to validate the imputations, we compared the averages and frequencies of each imputation to the values in the original dataset to evaluate if the imputed datasets differed substantially from the original dataset [START_REF] Nguyen | Model checking in multiple imputation: an overview and case study[END_REF] . There were no significant difference between our imputed datasets and the original datasets in our study (results not shown in this report).

Inverse probability weighting

Attrition (non-response, withdrawal) is a key methodological concern in cohort studies. The attrition probability usually depends on some of the baseline characteristics of participants. previous studies in EDEN and ELFE have shown that attrition is related to sociodemographic, health and lifestyle factors [START_REF] Van Der Waerden | Domain-specific physical activity and sedentary behavior during pregnancy and postpartum depression risk in the French EDEN and ELFE cohorts[END_REF] . Following suggestions in the epidemiological literature [START_REF] Hernán | A structural approach to selection bias[END_REF] , in this study, we used inverse probability weighting (IPW) to handle attrition. IPW to recreates a sample of respondents with weights reflecting the probability of participation at follow-up. More precisely, when modeling the association between maternal physical activity and the development of high HIS in children at 5 years, respondents to SDQ at the 5-year follow-up are weighted by the inverse of their probability to participate. This means that a participant with a low probability of response (e.g. child of mother with low education level) is given a comparatively higher weight in the analyses.

We first fit a logistic regression model to find which variables were associated with attrition at the SW weights were later used as adjustment factors in multivariate models.

Multivariate analyses

The main analyses in our study were realized with logistic regression models which allowed the calculation of odds ratios (OR) and 95% confidence intervals (CIs) of the association between maternal physical activity (total and by domain) and high child HIS scores.

For each score of physical activity, we performed the following blocks of models:

 Model 1 (M1): adjusted for child sex and child's age at 5y follow-up.

 Model 2 (M2): was additionally adjusted for potential confounders related to study environment and sociodemographic characteristics, such as: study center (in EDEN only), maternal education, maternal age at child's birth, household income and parity.

 Model 3 (M3): was additionally adjusted for other confounding factors related to maternal health and lifestyle, such as: BMI, any psychological problems before pregnancy, smoking during pregnancy, alcohol intake during pregnancy, healthy and western dietary profiles before pregnancy (EDEN only), and diet quality during pregnancy (ELFE only).

 Model 4 (M4): remains as M3 but was further adjusted for all domains of physical activity outside of the domain of interest as covariates to account for potential confounding (without adjustment for total physical activity).

These covariates were kept in models if they were significant in univariate models with p-value < 0.25, or have been found important according to the literature.

The assumptions of logistic regression including: appropriate outcome type, linearity of independent variables and log-odds, no strongly influential outliers, absence of multicolinearity, independence of observation, and sufficiently large sample size were checked before performing models. In EDEN, all the assumptions were met. On the contrary, in the M2-M4 of ELFE, using the Box-Tidwell to verify the log-linearity assumption, there was non-linearity between maternal age at child's birth (agebirth_m_y) and the logit. Our solution was incorporate agebirth_m_y 2 into the models to capture the departure from linearity.

Knowing that a 1 MET-h/week increase in physical activity indicates a very small amount of energy consumption, to be able to explain the OR in the ELFE study, we standardized estimates using the STB option in PROC LOGISTIC. This option helps to produce standardized estimates by setting the intercept term to 0 and dividing the parameter estimates by the ratio of standard deviations. A standardized parameter estimate predicts the change in the response variable (in standard deviations) for one standard deviation of change in the quantitative explanatory variable.

Complementary analyses

Linear regression models were used as complementary analyses to test associations between physical activity and child HIS as a continuous variable since the HIS thresholds vary by studies and categorizing the HIS scores could cause the loss of information.

Sensitivity analyses

Sensitivity analyses were conducted to assess the robustness of our findings through complete case analysis, in which participants with any missing data were excluded.

Software

Statistical analyses were performed using SAS 9.4 statistical software (SAS Institute Inc., Cary, North Carolina, USA).

RESULTS

Descriptive analysis

Characteristics of EDEN and ELFE by HIS score groups are shown in Table 2.

In EDEN, mothers of children with high HIS scores were younger, more likely to be smokers, alcohol consumers and have unhealthier diet scores during pregnancy. Results have also shown that the proportion of children with high HIS scores is greater in boys.

In ELFE, children with high HIS score were more likely to have younger mothers with lower education, income, higher BMI and no previous children. Mothers of children with high HIS scores were also more likely to be smokers, alcohol consumers and having a lower pregnancy diet quality score.

The average maternal PADP levels by HIS score groups in EDEN and ELFE were described in Table 3.

In EDEN, mothers of children with high HIS scores were less physically active in leisure time.

In ELFE, mothers of children with high HIS scores were more likely to have lower sports levels and higher levels of home leisure activities. 

 Work index (1-5) 2.4 (1.0) 2.3 (1.1) 0.70 --- --- ---  Leisure index (1-5) 2.1 (0.5) 2.0 (0.5) 0.01 --- --- ---  Sport index (1-5) 1.1 (0.4) 1.2 (0.5) 0.77 --- --- ---

PPAQ scores (MET-h/wk)

Total physical activity ---------178.4 (84.4) 185.9 (91.3) < 0.01 

 Household / care-giving --- --- --- 83.5 (58.5) 84.8 (61.8) 0.29  Sports --- --- --- 6.4 (7.8) 5.8 (7.6) 0.03  Occupation --- --- --- 29.7 (37.4) 31.4 (42.3) 0.19  

3.2

Association between maternal PADP and high child HIS scores at 5 years in the

EDEN and ELFE studies

Results of associations between physical activity (total and by domains) during pregnancy and high offspring HIS scores at 5 years are shown in Table 4.

In EDEN, the minimally adjusted model showed that leisure-time physical activity in the first trimester was inversely associated with decreased odds for high HIS scores in children (M1: aOR = 0.64 [0.45, 0.91]), but this association became non-significant after adjustment for other covariates related to maternal sociodemographics, maternal health and lifestyle (M4: aOR = 0.77 [0.52, 1.22]).

Associations between total physical activity and other domains during the first trimester of pregnancy with child HIS were not significant in any model.

In ELFE, the minimally adjusted model showed that the development of high HIS was associated with a significant increase in home leisure activities, with odds ratios estimated at aOR = 1.19

[1.12, 1.26] (M1). After adjustment for maternal covariates, this association decreased but remained statistically significant in M4 (aOR = 1.11 [1.04, 1.18]). A decrease in the odds of high HIS scores in children was also found when the mothers' sport activity was increased during pregnancy (M4: aOR = 0.89 [0.80, 0.94]). No significant associations of total physical activity and the three other domains of physical activity (household, occupational and transportation activities) with high HIS scores were observed in ELFE.

3.3

Complementary analyses

Results obtained from linear models were similar to those obtained from logistic models in EDEN (Table 5). However, in ELFE, linear analyses the positive association between occupational activities, total physical activity and HIS scores became significant. After adjustment for covariates, the mean HIS score in children increased with a one-SD difference in total (M3: aβ = 0.06 [0.01, 0.11]) or occupational activities (M4: aβ = 0.07 [0.02, 0.12]) in the third trimester.

Sensitivity analyses

Similar results were obtained in complete case analyses in both EDEN and ELFE (Annex 5). In ELFE, the results showed that higher levels of sport during the third trimester of pregnancy were associated with a decrease in the development of high HIS scores in 5-year-old children (aOR = 0.88 [0.80, 0.95]) while higher levels of home leisure activities during the third trimester of pregnancy were associated with an increase in the development of high HIS scores (aOR = 1.15 [1.07, 1.22]). In EDEN, associations between PADP (total and by domains) during the first trimester of pregnancy with child HIS were not significant after adjustment for different covariates.

4.

DISCUSSION

Main findings

In the ELFE cohort, we found that increasing home leisure activities (or leisure-time sedentary behavior) during the third trimester was associated with an elevation of odds ratios of high HIS scores in children; however, levels of sports activities during the third trimester were inversely associated with HIS scores. On the other hand, in the EDEN cohort, there were no statistically significant relationships between total PADP or domain-specific PA and the development of HIS in 5-year-old children.

Interpretation of the main findings

To our knowledge, there have been no previous studies on the association between maternal PADP and the development of HIS in offspring.

Our results showed that in ELFE, there was an inverse association between sports during the third trimester of pregnancy and the development of HIS in children. However, in EDEN, this association was not significant though we found a similar trend that leisure-time PA was inversely associated with child high HIS score in children. The leisure-time PA in EDEN includes four usual leisure activities (watching television, walking, cycling, swimming) and the locomotion activities (walking or using a bicycle to and from work or some stores). Among these activities, walking, cycling and swimming are considered as the principal sports/exercise in pregnant women [START_REF] Sibley | Swimming and physical fitness during pregnancy[END_REF] .

In EDEN, we found that global PA tended to be inversely associated with the odds of HIS. In ELFE, the combined results from both the logistic and linear regression suggest a tendency for HIS symptoms to increase with increasing total PA. The results that we obtained from these two cohorts are not intuitive, this could be due the construction of the PA scores, which is different between the two cohorts. Contrary to EDEN, in ELFE, total PA also includes the household/care-giving domain and the home leisure domain. there was a positive association between home leisure activities (or leisure-time sedentary behavior) during the third trimester and odds of high HIS scores in children.

We found no significant association between household/care-giving activities and the development of HIS but the household/care-giving activities tended to be positively associated with odds of high child HIS scores. Moreover, the combined results from both the logistic and linear regression also suggest a tendency for HIS symptoms to increase with increasing occupational activities. As total PA is the sum of all activities in each domain, and home leisure contributes positively, this may explain the increased odds of HIS with increasing global PA observed in ELFE.

Potential mechanisms

There are several potential biological mechanisms that could explain the relationship between PADP and offspring HIS.

Firstly, PADP could have an influence on the fetal development through maternal inflammation.

According to one study, PADP can decrease inflammatory cytokines [START_REF] Acosta-Manzano | Influence of a concurrent exercise training intervention during pregnancy on maternal and arterial and venous cord serum cytokines: the GESTAFIT project[END_REF] . Therefore, high physical activity levels during pregnancy may prevent inflammation from affecting embryonic neurodevelopment.

Secondly, maternal leisure time PA in pregnancy might have a direct impact on child neurodevelopment. Our results showed that there was an inverse association between sports during the third trimester of pregnancy and the development of HIS in children. Some studies have found consistent results for the protective effects of leisure-time physical activity on child's neurodevelopment, especially on general intelligence and language development [START_REF] Álvarez-Bueno | Pregnancy leisure physical activity and children's neurodevelopment: a narrative review[END_REF] . Additionally, results from animal models have shown that exercise during pregnancy was associated with enhanced neurogenesis, proliferation of hippocampus-forming cells, and increased density of dentate gyrus neurons in newborn rats [START_REF] Kim | The influence of maternal treadmill running during pregnancy on short-term memory and hippocampal cell survival in rat pups[END_REF] .

Third, sedentary behaviors or household/care-giving during pregnancy may influence the development of HIS via maternal mental health. A study conducted in EDEN and ELFE also highlighted that more sedentary behavior in the last trimester of pregnancy was associated with an increased risk of postpartum depression (PPD) [START_REF] Van Der Waerden | Domain-specific physical activity and sedentary behavior during pregnancy and postpartum depression risk in the French EDEN and ELFE cohorts[END_REF] which has been positively associated with the development of ADHD symptoms in children [START_REF] Mulraney | Maternal postnatal mental health and offspring symptoms of ADHD at 8--9 years: pathways via parenting behavior[END_REF] .

Strengths and limitations

This study is the first effort to evaluate the potential influence of maternal PADP on child HIS.

Next, the use of two large samples from two prospective cohorts EDEN and ELFE is also an advantage as larger samples should hypothetically lead to more accurate or representative results. In this project, we used a validated assessment of PPAQ [START_REF] Sevincok | ADHD symptoms in relation to internalizing and externalizing symptoms in children: The mediating role of sluggish cognitive tempo[END_REF] in ELFE to evaluate the type, frequency and duration of physical activity. Moreover, child HIS were assessed around age 5 in both studies, using the SDQ, an international, standardized and validated questionnaire [START_REF] Sevincok | ADHD symptoms in relation to internalizing and externalizing symptoms in children: The mediating role of sluggish cognitive tempo[END_REF] . The use of advanced statistical methods including multiple imputation to treat the missing data and inverse probability weighting to correct the attrition bias are further strengths of the study. Further, we were able to control for a comprehensive and important range of confounding factors. Finally, in this investigation, we could also evaluate the relationship in different trimesters (the first and the last trimester), although it is not the evolution of data in the same cohort.

However, this study still has some limitations that need to be considered. First, clinical diagnostic data likely gives a more accurate classification of ADHD, but this data was not available and children's HIS were instead evaluated by parents. However, as a clinical diagnosis for ADHD is binary in nature, using continuous HIS scores allows us to see the whole spectrum of HIS.

Secondly, maternal physical activity in EDEN was assessed using the BQ which is not specific for pregnant women as it is usually used to evaluate PA in the general adult population. Household scores were also not considered in the BQ, though these activities are often the two biggest parts in the daily routine of pregnant women. However, several modifications were made to the original BQ to adapt it to the population of pregnant women. Moreover, most exposure, outcomes, and covariates were based on maternal self-report, which can create recall and reporting bias. Women may overestimate their level of physical activity, increasing the associations we observed. Finally, although the models were adjusted for numerous variables, the possibility of residual or unmeasured confounding cannot be excluded.

CONCLUSION

The DOHAD concept and the importance of the "first 1000 days" on subsequent health is well recognized. Our investigation was able to explore the association between PADP, an important prenatal risk factor, and the development of HIS in children at the age of 5. Despite current guidelines for moderate intensity physical activity for at least 150 minutes per week during pregnancy [START_REF] Charles | Cohort Profile: The French national cohort of children (ELFE): birth to 5 years[END_REF] , pregnant women are more likely to lower their physical activity levels. We found that increasing sports and decreasing sedentary activity in women during pregnancy were associated with a reduced development of HIS in children. Our results could thus help to create a strategy to promote the mental health of children by promoting a healthier lifestyle of mothers during pregnancy.
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  is the first longitudinal mother-child study carried out in France by researchers from INSERM (National Institute of Health and Medical Research). It was initiated in 2003 and was approved by the Ethics Commission of the Kremlin Bicêtre as well as by the National Commission for Computing and Freedom (CNIL). A total of 2002 women were recruited from two large maternities in the cities of Nancy and Poitiers before the 24th week of amenorrhea.
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 125 Figure 1: Flowchart of study population in EDEN
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 5 year follow-up. The model selection was conducted using backward selection and variables with p-values < 0.25 were kept in the model. We finally included the following variables (L set) in the model: maternal age at child's birth, maternal education level at child's birth, living with child's father, parental country of birth, maternal parity, center (in EDEN only), monthly household income, maternal smoking and alcohol intake during pregnancy, maternal dietary score during pregnancy and any psychological problems before pregnancy (in ELFE only). This set of variables is also concordant with the suggestion of Metten et al. (2022) as including only the confounding variables of the association of interest in the response model 40 . A set of stabilized weights (SW) were therefore computed according to the following formula: SW = P(attrition at 5 years) / P(attrition at 5 years | L set) where: P(attrition at 5 years): probability of response at 5 year follow-up. P(attrition at 5 years | L set): probability of response at 5 years follow-up based on the condition of the variables present in L set.

  

  

care-giving, occupational, sports/leisure-time exercise

  

	Equivalent of Task (MET) (pregnancy-specific estimates for walking and light to moderate intensity
	household tasks, and Ainsworth's general compendium-based MET values for the remainder of the
	PPAQ activities) to arrive at a measure of average weekly energy expenditure (MET-hr/wk)
	attributed to each activity and domain or as total activity (sum of all activities).

. Women were surveyed on the time spent practicing 32 activities grouped into 5 domains: household/(e.g., walking, swimming, dancing, prenatal gymnastics, etc), transportation and home leisure/sedentary behavior in leisure-time (i.e., watching TV/video, using a computer/writing, reading/talking/phoning while seated) during the third trimester of pregnancy. The self-reported time spent in each activity is multiplied by its intensity in Metabolic

Table 1 :

 1 Summary of physical activity scores by domains as well as activities formed each score in the EDEN and ELFE cohorts

	Physical activity scores	Range/Units	EDEN

  Auxiliary variables included: maternal weight gain during pregnancy, duration of any breastfeeding, mode of delivery, gestational age, birth weight, and children's sleeping troubles at age of 2. Multivariate Imputation by Chained Equation (MICE) was then used to generate 20 imputed datasets in EDEN and ELFE, as suggested by Graham et al. 35 . MICE performs A sequence of regression models with each variable with missing data being modeled conditionally on the other variables in the data. The Predictive Mean Matching (PMM) method was used to impute continuous

variables while categorical variables were imputed with logistic regression. In 2001, Nick and Stuart Lipsitz suggested that PMM ensures that imputed values are plausible, and may be more appropriate if the normality assumption is violated

[START_REF] Horton | Multiple imputation in practice: comparison of software packages for regression models with missing variables[END_REF] 

. Briefly, PMM involves selecting a data point from the original, non-missing data which has a predicted value close to the predicted value of the missing sample. The N closest values are chosen as candidates, from which a value is chosen at random.

Table 2 .

 2 Descriptive characteristics of the study populations (N (%) or mean (STD)) by HIS score groups in EDEN and ELFE

		EDEN cohort (n = 1057)		ELFE cohort (n = 8760)	
		High HIS scores (≥ 90th percentiles)		High HIS scores (≥ 90th percentiles)	
	Variables	No (n = 887)	Yes (n = 170)	P-value	No (n = 7776)	Yes (n = 984)	P-value
	Maternal sociodemographics						
	Study center			< 0.01	__	__	__
	Nancy	438 (49.4)	63 (37.1)		__	__	__
	Maternal age at child's birth (years)	67.1 (1.9)	28.7 (4.7)	< 0.001	31.0 (4.5)	30.0 (4.8)	< 0.001
	Maternal education at child's birth			< 0.01			< 0.001
	High	563 (63.5)	86 (50.6)		5496 (70.7)	573 (58.2)	
	Medium	286 (32.2)	75 (44.1)		2007 (25.8)	365 (37.1)	
	Low	38 (4.3)	9 (5.3)		273 (3.5)	46 (4.7)	
	Household income			< 0.001			< 0.001
	1 st quartile (Lowest)	81 (9.1)	32 (18.8)		1343 (17.3)	112 (11.4)	
	2 nd quartile	254 (28.7)	65 (38.0)		1958 (25.2)	211 (21.4)	
	3 rd quartile	258 (29.1)	45 (26.7)		2685 (34.5)	348 (35.4)	
	4 th quartile (Highest)	294 (33.1)	28 (16.5)		1790 (23.0)	313 (31.8)	
	Parity			< 0.001			< 0.001
	≥ 1	500 (56.4)	72 (42.4)		4370 (56.2)	464 (47.1)	
	Maternal Health						
	Maternal BMI			0.11			< 0.001
	Underweight (<18.5kg/m2)	65 (7.3)	15 (8.9)		540 (6.9)	60 (6.1)	
	Normal (18.5-25kg/m2)	590 (66.5)	103 (60.7)		5292 (68.1)	598 (60.8)	
	Overweight (25-30kg/m2)	163 (18.4)	30 (17.4)		1289 (16.6)	198 (20.1)	
	Obese (≥30kg/m2)	69 (7.8)	22 (13.0)		655 (8.4)	128 (13.0)	
	Any psychiatric disorder pre-pregnancy			0.31			0.02
	Yes	41 (4.6)	11 (6.5)		22 (0.3)	7 (0.7)	
	Maternal Lifestyle						
	Maternal Smoking in Pregnancy			< 0.001			< 0.001
	Yes	177 (19.9)	57 (33.5)		1210 (15.6)	201 (20.5)	
	Maternal Alcohol Intake in Pregnancy			0.06			0.10
	Yes	462 (52.1)	60 (35.3)		3646 (46.9)	434 (44.1)	
	Western dietary score pre-pregnancy	-0.2 (0.9)	0.2 (1.0)	< 0.001	__	__	__
	Pregnancy diet quality score	__	__	__	7.7 (0.8)	7.6 (0.8)	< 0.001
	Child sociodemographics						
	Sex			< 0.001			0.94
	Girl	438 (49.4)	60 (35.3)		3765 (48.4)	478 (48.6)	
	Child's age at 5Y follow-up (months)	67.1 (1.9)	67.2 (2.0)	0.56	66.5 (1.8)	66.3 (1.7)	< 0.01

Table 3 .

 3 Description of physical activity of study population (mean (STD)) by HIS score groups in the EDEN and ELFE cohort

	EDEN cohort (n = 1057)	ELFE cohort (n = 8760)

Pour me rendre à mon travail, je marche ou je fais de la bicyclette :

  

	Stress au travail			
	1.	Avez-vous occupé un emploi AU COURS DE CETTE GROSSESSE ?	[m_emplpend]
	47. Au travail, je suis assise			[m_assise]
		Jamais	Parfois	Rarement	Souvent	Toujours
		|_|0.	|_|1.	|_|2.	|_|3.	|_|4.
	48. Au travail, je reste debout			[m_debout]
		Jamais	Parfois	Rarement	Souvent	Toujours
		|_|0.	|_|1.	|_|2.	|_|3.	|_|4.
	49. Au travail, je marche			[m_marche]
		Jamais	Parfois	Rarement	Souvent	Toujours
		|_|0.	|_|1.	|_|2.	|_|3.	|_|4.
	50. Au travail, je porte de lourdes charges		[m_charges]
		Jamais	Parfois	Rarement	Souvent	Toujours
		|_|0.	|_|1.	|_|2.	|_|3.	|_|4.
	51. |__|0. non	|__|1. oui	[m_marvelo]
		si oui, temps moyen de trajet par jour :	|__|__|__| minutes	[m_temptraj]
	Activités de loisir			
	Pendant le premier trimestre de ma grossesse :	
	1. Je marchais pendant mon temps de loisir ?		[m_marchel]
		Jamais	Rarement	Parfois	Souvent	Très souvent
		|_|0.	|_|1.	|_|2.	|_|3.	|_|4.
	2. Je faisais de la bicyclette pendant mon temps de loisir ?	[m_velol]
		Jamais	Rarement	Parfois	Souvent	Très souvent
		|_|0.	|_|1.	|_|2.	|_|3.	|_|4.
	3				

. Je faisais de la natation pendant mon temps de loisir ? [m_nagel]

  si oui, quel sport pratiquiez-vous le plus souvent ? . . . . . . . . . .

	Jamais	Rarement	Parfois	Souvent	Très souvent
	|_|0.	|_|1.	|_|2.	|_|3.	|_|4.
	4. Je pratiquais un autre sport régulièrement ?	|__|0. non |__|1. oui	[m_sportl]
						[m_precisport]
	combien d'heure(s) par semaine :	|__|__| heures	|__|__| minutes	[m_Nbhsport]
						[m_Nbmsport]
	5. Avez-vous interrompu la pratique d'un sport	|__|0. non |__|1. oui	[M_intsport]
	depuis le début de votre grossesse ?		
	6. Je regardais la télévision pendant mon temps de loisir ?		[m_tvloisir]
	Jamais	Rarement	Parfois	Souvent	Très souvent
	|_|0.	|_|1.	|_|2.	|_|3.	|_|4.