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Introduction

Vitamin D, a steroid hormone, is involved in bone metabolism promoting digestive calcium absorption, apoptosis and angiogenesis, decreasing cell proliferation. It has an immunomodulatory, anti-infectious, anti-inflammatory and anti-tumor role. Vitamin D deficiency has been associated with many pathological conditions including osteoporosis, microbial infections, cardiovascular diseases, cancers, autoimmune diseases, asthma and allergy (reviewed in [START_REF] Pludowski | Vitamin D effects on musculoskeletal health, immunity, autoimmunity, cardiovascular disease, cancer, fertility, pregnancy, dementia and mortality-A review of recent evidence[END_REF]). It is common in the general population (up to 80% of European adolescents) [START_REF] Braegger | Vitamin D in the healthy European paediatric population[END_REF][START_REF] González-Gross | Vitamin D status among adolescents in Europe: the Healthy Lifestyle in Europe by Nutrition in Adolescence study[END_REF]. The known risk factors for vitamin D deficiency in adults and children in the general population are pigmented skin, obesity, self-limitation of solar exposure and use of sunscreens, and poor dietary intake of vitamin D (e.g., fatty fish, egg, milk) [START_REF] Bacchetta | Vitamine D : un acteur majeur en santé ?[END_REF][START_REF] Holick | Vitamin D deficiency[END_REF]. There is a seasonal variation in vitamin D levels [START_REF] Karagüzel | Seasonal Vitamin D Status of Healthy Schoolchildren and Predictors of Low Vitamin D Status[END_REF], with higher levels in summer and lower levels in winter.

Cross-sectional studies have recently suggested a role for vitamin D and its metabolism in sleep [START_REF] Mccarty | The link between vitamin D metabolism and sleep medicine[END_REF][START_REF] De Oliveira | The interfaces between vitamin D, sleep and pain[END_REF], in particular in the development of symptoms such as obstructive sleep apnea [START_REF] Mete | Obstructive sleep apnea syndrome and its association with vitamin D deficiency[END_REF], diurnal somnolence [START_REF] Mccarty | Vitamin D, Race, and Excessive Daytime Sleepiness[END_REF], and restless leg syndrome [START_REF] Balaban | Serum 25hydroxyvitamin D levels in restless legs syndrome patients[END_REF] in adults. In older people, vitamin D deficiency was found associated with poor sleep (short duration or low efficiency) [START_REF] Massa | Vitamin D and Actigraphic Sleep Outcomes in Older Community-Dwelling Men: The MrOS Sleep Study[END_REF] that was improved by supplementation [START_REF] Majid | The effect of vitamin D supplement on the score and quality of sleep in 20-50 year-old people with sleep disorders compared with control group[END_REF]. In children, only three cross-sectional studies have been published and showed associations between vitamin D deficiency and obstructive sleep apnea syndrome and primary snoring [START_REF] Ozgurhan | Risk assessment of obstructive sleep apnea syndrome in pediatric patients with vitamin D deficiency: A questionnaire-based study[END_REF][START_REF] Kheirandish-Gozal | Vitamin D levels and obstructive sleep apnoea in children[END_REF][START_REF] Zicari | Mean Platelet Volume, Vitamin D and C Reactive Protein Levels in Normal Weight Children with Primary Snoring and Obstructive Sleep Apnea Syndrome[END_REF].

Here we aimed to analyze the association between cord-blood vitamin D level at birth and night-sleep duration trajectories in children between 2 and 5-6 years old in a non-clinical cohort.

Material and methods

Study population

The EDEN study aims at investigating the pre-and post-natal determinants of child health and development. Details of the EDEN study protocol have been previously published [START_REF] Heude | Cohort Profile: The EDEN mother-child cohort on the prenatal and early postnatal determinants of child health and development[END_REF].

Briefly, pregnant women under 24 weeks of amenorrhea were recruited between 2003 and 2006 in the university hospitals of Poitiers and Nancy. Those under 18 years, unable to give informed consent, functionally illiterate in French, with a history of diabetes, planning on changing address or without social security coverage were excluded from the cohort. Women with multiple pregnancies were also excluded. A total of 1899 children were enlisted at birth. Written informed consent was obtained twice from parents: at enrolment and after the child's birth. The study was approved by an ethics research committee and by the national data protection authority.

Measures and participant characteristics

Cord-blood vitamin D measurement

Cord-blood samples were collected immediately after birth (vaginal delivery) or after extraction of the fetus via uterine incision (elective cesarean section) and were centrifuged within 24 h of collection. The serum was separated and stored at -80 o C. Serum 25hydroxyvitamin D (25OHD), representative of overall vitamin D stored in the body, was measured by immunochemiluminescent immunoassay performed on the LIAISON platform (DiaSorin, Sallugia, Italy). The intra-and inter-assay coefficient of variation was < 10% whatever the measured level. This measure was performed for a subsample of 375 children from the EDEN cohort that correspond to infants who had quantitative ultrasonography measurements of bone status at age 1 year (i.e., infants examined from April 2006 onward) [START_REF] Regnault | Determinants of early ponderal and statural growth in full-term infants in the EDEN motherchild cohort study[END_REF].

Night-sleep duration trajectories in children between 2 and 5-6 years old

Night-sleep duration was collected at age 2, 3 and 5-6 years by using parental selfadministered questionnaires and was calculated on the basis of the answers to the following questions: "Usually, at what time does your child go to bed?", "Usually, at what time does your child wake up?". Responses were recorded in hours and minutes (e.g., 10h30). "Groupbased trajectory modeling" developed by Nagin et al. [START_REF] Nagin | Group-based modeling of development[END_REF], implemented under SAS (PROC TRAJ) and data-driven, was used to identify night-sleep duration trajectories among 1205 children from the cohort whose parents had answered the questions regarding night-sleep durations for at least two of three age points. The method is based on the underlying hypothesis that within a population there are inherent groups that evolve according to different sleep patterns. The groups are not directly identifiable or pre-established by sets of characteristics but are statistically determined by each series of responses by using maximum likelihood.

Five night-sleep duration trajectories were established as previously reported [START_REF] Plancoulaine | Night sleep duration trajectories and associated factors among preschool children from the EDEN cohort[END_REF] (Figure 1): short sleep (SS, <10h30/night, 4.9% of 1205 children), medium-low sleep (MLS, 10h30-11h00/night, 47.8%), medium-high sleep (MHS, about 11h30/night, 37.2%), long sleep (LS, ≥11h30/night, 4.5%) and changing sleep (CS, i.e., LS then MLS, 5.6%). Each child was assigned to the trajectory to which he/she belonged with the highest probability. Only children with both an assigned trajectory and cord-blood vitamn D measure were included in the current study.

Socio-demographic and health characteristics

Household socio-economic and demographic factors as well as maternal characteristics were collected at inclusion: maternity ward of recruitment (Nancy/Poitiers), household monthly income (<1500, 1500-3000 and ≥3000 euros, US dollar equivalent: <$1600, $1600-3250, > $3250), maternal education level (< high-school, high school diploma to 2-year university degree, >2-year university degree), and maternal age at delivery. Body mass index (BMI) before pregnancy was calculated by using reported height and weight. Child's sex and season of birth was collected from maternity medical charts. Because of French regulations, ethnic origin was not collected. However, we collected information on geographic origin of parents and grandparents. Children were considered of European origin if both parents and maternal grandparents were born in a European country.

Statistical analysis

A total of 264 children presented available data for both 25OHD measure and sleep trajectory and were included in the present analysis. They were compared to non-included children for maternal and child characteristics by chi-square and Student t test. The associations between socio-demographic and health characteristics and night-sleep duration trajectories and between cord blood vitamin D level and night-sleep trajectories were assessed by multiple multinomial logistic regression (SAS 9.3, SAS Institute Inc, Cary, NC, USA). Multivariable models estimated odds ratios (ORs) and 95% confidence intervals (CIs) associated with a 1unit decrease in 25OHD level. Confounding factors were identified from the literature and selected by using the Directed Acyclic Graphs method (www.dagitty.net) [START_REF] Textor | DAGitty: A Graphical Tool for Analyzing Causal Diagrams[END_REF]. The resulting model adjusted for recruitment centre, maternal education, familial income, family geographical origin, pre-pregnancy maternal BMI, maternal age at delivery, child's sex and season of birth.

Results

Compared to non-included children, for the 264 children in the study, mothers were older (30 vs 29 years, p=0.003) and more educated (41% vs 30% >2-year university degree, p<0.0001) and had higher incomes (32% vs 26% with income >3000 euros, p<0.0002). Included children were frequently boys (60% vs 51%, p=0.02), born in spring (43% vs 28%, p<0.0001) and had higher mean 25OHD level (19 vs 15 ng/ml, p=0.003). Distribution of night-sleep duration trajectories did not differ between included and excluded children (p=0.47). Table 1 provides the characteristics of included children. The mean 25OHD level was 12 (SD=7), 20 (SD=11), 19 (SD=10), 16 (SD=8), and 14 (SD=7) ng/ml for the SS, MLS, MHS, CS and LS trajectories, respectively. Crude and adjusted ORs of belonging to a given sleep trajectory versus the MHS trajectory (reference) are presented in Figure 2. After adjustment, ORs remained stable and each 1-ng/ml decrease in 25OHD level was associated with 12% increased odds of belonging to the SS trajectory (vs the MHS trajectory). Only the estimated OR for belonging to the LS trajectory was modified by adjustment and increased from 1.06 [95% CI 0.98-1.14] to 1.10 [1.00-1.23] for each 1-ng/ml decrease in 25OHD level, remaining bordeline significant.

Discussion

This is the first longitudinal study exploring 25OHD level in newborns from the general population and its association with sleep duration during preschool age. On adjusted analysis, for each 1-ng/ml decrease in 25OHD level, the odds of belonging to the SS versus MHS trajectory was increased 12%.

We report generally low serum 25OHD level at birth in this sample of children, which suggests global vitamin D deficiency in French newborns and their mothers. The American Association of Pediatrics estimated that 25OHD level should be ≥20 ng/ml in infants and children [START_REF] Wagner | the Section on Breastfeeding and Committee on Nutrition. Prevention of Rickets and Vitamin D Deficiency in Infants, Children, and Adolescents[END_REF], whereas the Endocrine Society recommends a 25OHD level >30 ng/ml [START_REF] Holick | Evaluation, Treatment, and Prevention of Vitamin D Deficiency: an Endocrine Society Clinical Practice Guideline[END_REF]. In our study, only 41% and 16% of children presented such 25OHD levels at birth, respectively.

The prevalence of 25OHD deficiency (<20 ng/ml) was lower than that reported in infant cord blood in the United States [START_REF] Marshall | Prevalence and risk factors for vitamin D insufficiency and deficiency at birth and associated outcome[END_REF] and in a recent French study [START_REF] Ceccaldi | French prenatal Vitamin D recommended supplementation: Enough or not?[END_REF], which showed about two thirds of newborns with 25OHD level <20 ng/ml. This discrepancy may be due to the population selection at inclusion, which thus differed from the targeted population [START_REF] Heude | Cohort Profile: The EDEN mother-child cohort on the prenatal and early postnatal determinants of child health and development[END_REF] and the follow-up as described, with older mothers, having higher incomes and education and higher 25OHD levels in included than excluded children.

Cord-blood 25OHD levels differed according to night-sleep trajectories. We observed a mean level of about the recommended level of 20 ng/ml for MHS and MLS trajectories for children between 2 and 5-6 years old; these two trajectories are nearest to the recommended sleep durations for children of this age range [START_REF] Paruthi | Recommended Amount of Sleep for Pediatric Populations: A Consensus Statement of the American Academy of Sleep Medicine[END_REF]. Decreased cord-blood 25OHD level was associated with an increased odds of belonging to the SS trajectory between 2 and 5-6 years old (i.e., persistent night-sleep duration <10h30 between 2 and 5-6 years old), which suggests an early effect of 25OHD level on sleep or sleep regulation. The association between low 25OHD serum level and short sleep duration was shown in cross-sectional studies in adults, especially in older people in several countries (United States, Korea and Brazil) [START_REF] Massa | Vitamin D and Actigraphic Sleep Outcomes in Older Community-Dwelling Men: The MrOS Sleep Study[END_REF][START_REF] Kim | Association Between Self-Reported Sleep Duration and Serum Vitamin D Level in Elderly Korean Adults[END_REF][START_REF] Piovezan | Obstructive sleep apnea and objective short sleep duration are independently associated with the risk of serum vitamin D deficiency[END_REF][START_REF] Bertisch | 25-Hydroxyvitamin D Concentration and Sleep Duration and Continuity: Multi-Ethnic Study of Atherosclerosis[END_REF].

However, no study on sleep duration was performed in children.

Physiological links have been observed between vitamin D and sleep, suggesting that vitamin D has direct effects on the initiation and maintenance of sleep [START_REF] Mizoguchi | Dominant localization of prostaglandin D receptors on arachnoid trabecular cells in mouse basal forebrain and their involvement in the regulation of non-rapid eye movement sleep[END_REF]. Indeed, the vitamin D receptor is involved in brain development [START_REF] Eyles | Vitamin D, effects on brain development, adult brain function and the links between low levels of vitamin D and neuropsychiatric disease[END_REF] and has been found in many cerebral regions, including those that regulate sleep [START_REF] Musiol | Vitamin d nuclear binding to neurons of the septal, substriatal and amygdaloid area in the siberian hamster (Phodopus sungorus) brain[END_REF][START_REF] Stumpf | Nuclear receptor sites for vitamin D-soltriol in midbrain and hindbrain of Siberian hamster (Phodopus sungorus) assessed by autoradiography[END_REF][START_REF] Stumpf | 1,25 (OH)2 vitamin D3 sites of action in the brain. An autoradiographic study[END_REF][START_REF] Gominak | The world epidemic of sleep disorders is linked to vitamin D deficiency[END_REF][START_REF] Eyles | Distribution of the Vitamin D receptor and 1α-hydroxylase in human brain[END_REF][START_REF] Garcion | New clues about vitamin D functions in the nervous system[END_REF][START_REF] Saper | Hypothalamic regulation of sleep and circadian rhythms[END_REF]. Trials of vitamin D supplementation in adults with sleep troubles showed sleep amelioration, including increased sleep duration [START_REF] Gominak | The world epidemic of sleep disorders is linked to vitamin D deficiency[END_REF][START_REF] Huang | Improvement of pain, sleep, and quality of life in chronic pain patients with vitamin D supplementation[END_REF].

However, vitamin D deficiency occurring in early childhood during brain development may lead to persistent sleep troubles.

25OHD easily crosses the placenta barrier, with a strong correlation between cord blood and maternal serum values [START_REF] Zasimovich | Maternal serum vitamin D and parathormone concentrations during gestation and in umbilical cord bloodpilot study[END_REF]. The vitamin D pool of the fetus and newborn depends on their mother's vitamin D status. Vitamin D supplementation during pregnancy should limit vitamin D deficiency in infants and may favor both brain development and healthy sleep in children.

While already applied during pregnancy, supplementation seems insufficient and should be reinforced [START_REF] Ceccaldi | French prenatal Vitamin D recommended supplementation: Enough or not?[END_REF]. Increased child's sleep duration with vitamin D supplementation needs further exploration.

The strengths of this study are the general population sample and the longitudinal data for sleep duration in children. This study also presents some limitations. The attrition discussed above restricts the generalization of the results. However, included and excluded children did not differ by sleep trajectory distribution, and 25OHD level was measured in the context of another study objective, with blinding to sleep data. Thus, the bias should be minimal.

However, because the studied sample size was greatly reduced, the sampling fluctuations (i.e., confidence intervals) were increased and results need to be replicated in a larger population.

Conclusion

In this first longitudinal study exploring the relation between 25OHD level at birth and sleep duration in preschool years, we suggest that low 25OHD level is associated with increased odds of children in a French birth cohort between 2 and 5-6 years old to be persistent short sleepers. These results need to be confirmed in larger sample of children from the general population. 

Figure 1 .

 1 Figure 1. Night-sleep duration trajectories for EDEN preschool children (N=1205). Full lines represent mean sleep duration trajectories. Black circles = short sleep (SS, 4.9% of the children): triangles = medium-low sleep (MLS, 47.8% of the children); diamonds = mediumhigh sleep (MHS, 37.2% of the children), squares = changing sleep (CS, 5.6% of the children) and white circles = long sleep (LS, 4.5% of the children). Dashed lines represent the 95% confidence intervals for the trajectory estimations. Figure from Plancoulaine et al. [41].

Figure 2 .

 2 Figure 2. Unadjusted (in grey) and adjusted (in black) odds ratios for 1-ng/ml decrease in 25OHD level by sleep duration trajectories. SS = short sleep (<10h30/night), MLS = mediumlow sleep (10h30-11h00/night), MHS = medium-high sleep (about 11h30/night), CS = changing sleep (i.e., LS then MLS) and LS= long sleep (≥11h30/night). MHS is the reference trajectory.
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