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Abstract 

Night-waking in preschoolers has been associated with adverse health outcomes in cross sectional 

studies but is rarely analyzed in a longitudinal setting. Therefore, little is known about the evolution of 

night-waking in early childhood. The objectives were first, to identify night-waking trajectories in 

preschoolers and secondly, to examine risk factors associated with those trajectories. Analyses were 

based on the French birth-cohort study EDEN, which recruited 2002 pregnant women between 2003 

and 2006. Data on child’s night-waking at age 2, 3 and 5-6 and potential confounders were collected 

through parental self-reported questionnaires. Night-waking trajectories were computerized using 

group-based trajectory modeling on 1346 children. We identified two distinct developmental patterns. 

The “2 to 5 rare night-waking” (77% of the children) and the “2 to 5 common night-waking”. Logistic 

regressions were performed to identify factors associated with the trajectories. Risk factors for 

belonging to the ”2 to 5 common night-waking” trajectory were exposure to passive smoking at home, 

daycare in a collective setting, watching television for extended periods, bottle-feeding at night, high 

emotionality and low shyness. This approach allowed us to identify risk factors associated with night-

waking during a critical age window, and laid the groundwork for identifying children at higher risk of 

deleterious sleep patterns. Those risk factors are mainly living habits, pointing towards the fact that 

prevention and intervention programs could be highly beneficial in this population.  
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Abbreviations: CES-D, Center of Epidemiologic Studies Depression scale; EAS, Emotionality Activity 

and Sociability scale;  

1.  INTRODUCTION  

Sleep quantity and patterns greatly change during childhood. Occasional night-waking in preschoolers 

is part of a normal process of the development and maturation of sleep. At this age, the frequency of 

night-waking is considered as abnormally high when it exceeds 3 times a week [1,2]. As occasional 

night-waking is common at such a young age, the effects of sleep disruption may go undetected. 

About 20% of pediatricians do not, in fact, ask any questions about sleep during routine consultations 

[3]. However, night-waking is one of the primary complaints of parents to pediatricians [4] and recent 

findings suggest that they are associated with aggressive behavior [2], hyperactivity [5], attention 

problems and impaired reasoning [6].  

Most of the studies use a cross-sectional design and they consider sleep disorders in a non-specific 

manner, among school-aged children. Risk factors that have been associated specifically with night-

waking in preschoolers are maternal depression [7], the child’s sleep habits [8] and atopic dermatitis 

[9]. Only Weinraub et al[10] have analyzed night-waking with a developmental pattern approach. They 

studied 1200 toddlers (3 to 36 months old) and identified two trajectories with the growth mixture 

modeling method. The first represented children who rarely woke up during the night across the study 

period, and the second represented children with high night-waking occurrences between 6 and 18 

months but similar to the other children thereafter. The analyses of associated factors mainly focused 

on socioeconomic and demographic variables, along with mother and child psychological and 

behavioral states. The analyses paid less attention to postnatal exposures such as sleep habits, 

passive smoking or television viewing, also reported to be associated with sleep quality in children 

[11,12].  

The first objective of our study was to identify night-waking trajectories in children from age 2 to 5-6 in 

the French EDEN mother-child cohort, using the group-based trajectory modeling method [13], in 

order to best characterize evolving sleep modalities before children start school. The second objective 

was to identify risk factors from birth to age 3 years associated with the identified trajectories.  

 

2. MATERIALS AND METHODS  

2.1 STUDY SAMPLE 

The EDEN study aims to investigate the pre- and postnatal determinants of child health and 

development. Details of the EDEN study protocol have been published previously [14]. In short, 

pregnant women at less than 24 weeks of amenorrhea were recruited between 2003 and 2006, in the 

university hospitals of Poitiers and Nancy. Those under age 18, 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. Among the 3758 women invited to participate, 

2002 (53%) agreed to enroll in the study. Women with multiple pregnancies were excluded. Due to 

miscarriages, stillbirths and attrition, the number fell to 1899 children enrolled at birth. Written informed 

consent was obtained twice from parents: at enrolment and after the child’s birth. The study was 

approved by the ethics research committee of Bicêtre Hospital (Comité Consultatif de Protection des 

Personnes dans la Recherche Biomédicale) and by the Data Protection Authority (Commission 

Nationale de l’Informatique et des Libertés). 



 

2.2 DATA COLLECTION  

All variables included in our analysis were collected through paper-based self-questionnaires, with the 

exception of the anthropometric measures, assessed by clinical examination, and the birth term, 

drawn from medical records. 

 

2.2.1 Outcome variable 

Parents reported the number of time per week their child woke during the night, at age 2, 3 and 5-6 

years. At each time point, and in accordance with the literature, “frequent night-waking” was defined as 

the child waking every other night or more [1,2], as opposed to “no or occasional night-waking”. This 

binary night-waking repeated measure was used to compute the outcome variable: the “2 to 5 night-

waking” trajectories. These trajectories were modeled using the “group based trajectory” method 

described in the statistical analysis section. The reported night-waking were those noticed by parents, 

meaning that the child signaled being awake. As noted by other authors [15,16], this method, unlike 

actigraphy, measures the difficulty a child has to fall back to sleep by him/herself. In other words, it 

accounts for the child’s self-soothing capacities and not night-waking per se. 

 

2.2.2 Socio-economic, socio-demographic and maternal variables 

The household socio-economic and demographic factors, as well as maternal characteristics were 

collected at inclusion. Household income was divided into three categories: below €1500 per month, 

between €1500 and €3000 per month, and above €3000 per month. Education level was also defined 

in three categories, using the highest level reached by one of the parents: below high-school diploma, 

high-school diploma, and above. The mother’s age at delivery was analyzed as a continuous variable. 

Single parenting was defined as a mother living without the child’s father, another companion, or 

another adult family member. The mother’s depression status during pregnancy was assessed by the 

French version of the Center of Epidemiologic Studies Depression scale (CES-D), using the cut-off 

point that has been validated in French Women [17]. Mothers with a CES-D score of 23 or more were 

considered to present depressive symptoms. We used the mother’s nationality (European/ non-

European) to take into account potential cultural differences. Ethnicity was not assessed in the EDEN 

cohort, in accordance with French law and ethics.  

 

2.2.3 Child’s variables 

The child’s characteristics, anthropometrics and perinatal exposures were collected at birth from self-

reported questionnaires and medical records, including gender, birth order (first/other), ponderal index 

(defined by birth weight in kg divided by the cube of birth height in meters), breastfeeding (yes/no) and 

preterm birth (< 37 weeks of amenorrhea). Temperamental traits, namely emotionality, activity and 

shyness, were assessed at age 1 using the Emotionality Activity and Sociability scale (EAS) [18].  

The child’s postnatal environment and health was investigated at age 3. We studied the time spent in 

front of the television as a continuous variable (hours/day), passive smoking at home (“Does anyone 

smoke inside child’s home several times a month or more?” yes/no), care arrangement (in large 

collective settings like preschool or day care centers vs. home care) and two sleep habits: falling 



 

asleep with a parent (yes/no) and bottle feeding at night (yes/no). We also looked at health 

characteristics when diagnosed by a physician (yes/no): occurrence of ear nose or throat infections, 

and atopic profile (defined as skin atopy, respiratory or food allergy). 

2.3 STATISTICAL ANALYSIS 

All analyses were performed using SAS (SAS 9.4 SAS institute INC, Cary, NC, USA) ®. 

 

2.3.1 Group-based trajectory modeling 

To describe the night-waking patterns of children from age 2 to 5-6, we used the group-based 

trajectory modeling method (PROC TRAJ procedure) [13]. The method is based on the underlying 

hypothesis that, within a population, there are inherent groups which evolve according to different 

patterns. The groups are not directly identifiable or pre-established by sets of characteristics, but 

statistically determined through each series of responses, using maximum likelihood. The relationship 

between age and night-waking was modeled by polynomial equations, defining the trajectories. The 

model selection process is described in supplementary data. Briefly, the most adequate model, 

regarding the number of groups and the shape of the trajectories, was determined by iterations: 

different models were computed and then compared using the Bayesian Information Criteria (BIC) and 

favoring parsimony. The chosen model’s quality was verified according to recommended criteria: the 

average posterior probability (≥0.7), the odds of correct classification (≥ 5), and the similarity between 

the model’s estimation of prevalence and the actual prevalence. 

Children were included in the trajectory’s elaboration if their parents had answered the question 

regarding night-waking for at least two time points out of three. To verify the robustness of the model, 

sensitivity analyses were performed: the full procedure was also carried out among children who had 

complete night-waking data at all three time points as well as separately by gender.  

 

2.3.2 Study of associated factors 

Children were assigned to the trajectory for which they had the highest probability of belonging. 

Logistic regressions were then computed to study factors associated with the previously modeled night 

waking trajectories. We first performed an unadjusted exploratory analysis and then multivariable 

analyses that included factors previously published as being associated with night-waking between 

age 2 to 5-6 years and factors that presented a p-value <0.20 in our unadjusted analysis. Missing 

values for studied associated factors represented only 2.8% of the total data set. Simple imputations 

(mean value for continuous variables and modal value for categorical ones) were implemented. To 

assess the role of each exposure group, the multivariable procedure was conducted in four steps. The 

first model contained socio-economic factors and the mother and child characteristics at birth. The 

child’s postnatal exposures and health, the child’s sleep habits and lastly the child’s temperament 

were then successively added to the second, third and fourth models. 

 



 

3 RESULTS 

3.1 Night-waking trajectories 

Out of the 1899 children enrolled at birth, 1346 (71%) presented two out of three completed time 

points for night-waking and were included in the trajectory elaboration. Compared to included subjects, 

non-included subjects (N=553) had lower parental education levels (42% below high school diploma, 

against 15% (p<0.001)), lower household income (30% earned below €1500/month, against 11% 

(p<0.001)), higher maternal depression rates (14% of mothers with a CES-D score ≥ 23, against 7% 

(p<0.001)), and were more often from non-European countries (4% against 1% (p<0.001)). There was 

no difference between the two populations regarding the child’s gender (p=0.87), prematurity status 

(p=0.69) or birth weight (p=0.23). Frequent night-waking concerned 22% (277/1277) of the selected 

children at age 2, 26% (325/1268) at age 3 and 9% (102/1143) at age 5-6. 

The optimal and parsimonious trajectory model to describe night-waking patterns was a two-group 

model with a linear shape for the first trajectory and quadratic inverted-U shape for the second. The 

model’s average posterior probability was >0.7 in all groups; the odds of correct classifications met 

Nagin’s recommendations (≥5) for the quadratic trajectory but were slightly under for the linear 

trajectory, with odds at 3.8 (i.e. medium assignment accuracy). Finally, the estimation of prevalence 

was sound, as it was very close to the actual prevalence (77% for the first group instead of 78 %).  

The same procedure performed including only children with three completed time points (N=996) 

showed no notable difference regarding the number of groups, the shape of the trajectories or 

compliance with recommendations. Hence, we chose to include the largest sample size for further 

analysis. The same procedure was also carried out by gender. Results were again very similar and the 

analyses were not stratified.  

The final trajectories are presented in Figure 1. We subjectively named the two identified trajectories 

as “2 to 5 rare night-waking” trajectory representing 77% of the population and “2 to 5 common night-

waking” trajectory representing 23% of the population.  

 

3.2 Factors associated with night-waking trajectories  

 Population characteristics are presented in Table 1 and multivariable analyses are reported in Table 

2. In the full model (model 4), the risk factors for belonging to the “2 to 5 common night-waking” 

trajectory were: passive smoking at home, daycare in a collective setting, longer time spent in front of 

the television, bottle feeding at night, low shyness and high emotionality. The association between low 

income and night-waking trajectory seen in model 1 was weakened and not significant after 

adjustment for postnatal environment and sleep habits.  

 

4 DISCUSSION  

4.1 Prevalence 

The prevalence of frequent night-waking as declared by parents in our study, at age 2, 3 and 5-6 

years respectively, were 22%, 26% and 9%. It is globally consistent with previous findings, with 

Richman [19]  reporting a 20% prevalence for children between age 1 and 2, Zuckerman et al. [1] a 

29% prevalence for age 3, and Pollock [20] an 11% prevalence for 5-year-olds. The peak in night-



 

waking prevalence observed at age 3 coincides with the onset of nightmares in children [21]. Similar 

results have been reported in other longitudinal studies [22,23], but not for all [10]. The two trajectories 

identified in our analysis were very distinct. As Weinraub et al. [10] in their study of younger children (3 

to 36 months), we characterized children that rarely signaled their waking up at night, and those who 

appeared to have difficulties falling back to sleep alone and/or had sleep maintenance insomnia.  

 

4.2 Socio-economic and demographic factors 

The literature suggests that education and income are associated with sleep quality in teenagers [24] 

and pre-adolescents [25], but it seems less clear in younger children [7]. 

In the present study, the fully adjusted model showed no association between night-waking trajectories 

and parental education. Postnatal environment factors (i.e. passive smoking, care arrangement and 

television viewing duration) accounted for the association observed primarily between night-waking 

trajectories and the household income. Further studies are needed to better understand these 

findings.  

Several authors have found in cross-sectional studies that non-Caucasian children had more sleep 

problems [26,27]. As there was no ethnical measure available, and very low national origin diversity in 

our population, we were not able to investigate ethnic and cultural differences.  

 

4.3 Perinatal and postnatal environment  

Children exposed to tobacco smoke at home had a higher risk of belonging to the “2 to 5 common 

night-waking” trajectory. This is consistent with previous publications since passive smoking, as 

measured in questionnaires, was associated with insomnia in 3-year-olds [28]. Yolton et al. [11], also 

reported that school-aged boys had a greater risk of sleep anxiety when exposed to passive smoking, 

measured by serum cotinine levels. The exact mechanism involved is not completely understood. One 

hypothesis implicating passive smoking as a cause of impaired sleep points to the psychoactive 

properties of nicotine that stimulate arousal in smokers. Nicotine in particular stimulates the release of 

dopamine, which enhances attention and arousal in smokers [29]. 

Television viewing among preschoolers has been associated with reduced sleep duration [30], 

irregular sleep schedule [31] and increased sleep problems as measured by global scores [12]. 

However, to the best of our knowledge, it has never been shown to be associated with night-waking 

specifically in preschoolers. One mechanism underlying this relation may be the potentially violent 

content of programs viewed before bedtime that may favor nightmare occurrences, especially around 

age 3 [12].  

There was a higher risk of belonging to the “2 to 5 common night-waking” trajectory for children 

attending large collective care arrangements at age 3, such as care centers, when compared to 

children cared for at home. In France, 70% of the children are in preschool at age 3, and two-thirds 

enter a collective care arrangement for the first time at this age [32]. However, one might note that the 

majority of 3-year-old children within collective care arrangement did not belong to the “2 to 5 common 

night-waking” trajectory. The relation observed between the latter trajectory and collective care may 

reflect the stress caused by the resulting modification of daily routine and may only concern children 



 

who are more sensitive to change in their daily environment. However, children may enter preschool in 

September only, whereas night-waking information was collected all year round and concerned only 

the month preceding completion of the questionnaire. Collective care arrangements may have 

disrupted the children’s usual sleep routine by increasing the number of sleep settings and nap-time 

arrangements and may not always meet recommendations and/or needs [33].  

 

4.4 Sleep habits, temperament and maternal depression 

Behavioral interventions promoting healthier sleep hygiene are efficient in reducing night-waking 

occurrences [8], suggesting a causal role of sleep habits. In observational studies, sleep habits have 

repeatedly been associated with night-waking, including bottle feeding at night and parental presence 

while falling asleep [8,34]. Nevertheless, as often discussed, the association between night-waking 

and sleep strategies may be bidirectional [35]. Our results show that children who were bottle-fed at 

night had higher risk of belonging to the “2 to 5 common night-waking” trajectory. Parental presence at 

bedtime was also associated with night-waking trajectory in bivariate analyses and when controlling for 

socio-economic factors, mother and child’s characteristics, postnatal environment and health; but the 

association became insignificant after controlling for the child’s temperament. Our results, as well as 

those of Morrell et al. [34], thus suggest that the child’s temperament may partly explain the 

association between sleep hygiene and night-waking. Besides this potential mediating role, the child’s 

temperament appears to have a direct association with night-waking. Difficult temperament has been 

reported to be associated with night-waking [10,34]. Similarly, our results show that children with more 

emotionality had higher risk to belong to the 2 to 5 common night-waking trajectory. We found the 

inverse association for shy children. Shyness in our sample might describe a tendency for children to 

signal less a difficulty to their parents. 

It has also been argued that a fragile psychological state of the parents heightens night-waking 

occurrences [1], but the direction of this association is complex to determine. Several studies 

conjecture that at least part of this link is mediated by the sleep strategy employed [7], as depressive 

mothers are more likely to use inappropriate sleep strategies [36]. We have not found any association 

between the night-waking trajectories and the maternal depression status as measured at inclusion. 

However, studies establishing a link between maternal depression and child night-waking [1,7,37], 

measured depression in postpartum (between 8 and 24 months), simultaneously with night-waking 

measurements, whereas depressive symptoms were assessed in our study during pregnancy, which 

might explain the discrepancy.   

 

4.5 Limitations 

Our study has several limitations. The odds of correct classification in the “2 to 5 rare night-waking” 

trajectory, grouping 77% of the children, were slightly below recommendations, meaning a medium 

degree of accuracy. This may be explained by the broad variability of night-waking signaled by 

children between age 2 and 5-6. However, a two-trajectory model best fits the data, and the quality of 

the group-based modeling, as assessed by standard validation criteria, was quite satisfactory as a 

whole. Parental questionnaires were used to account for night-waking. Thus, the reported night-



 

awakenings were those noticed by parents, meaning that the child signaled being awake. i.e. a 

subjective measure. Video-surveillance would have been an objective mean to differentiate children's 

self-soothing after sleep awakenings with and without parental awakenings and validate the maternal 

awakening reports but this was not considered at the time of the study design. Due to the recruitment 

method, based on voluntary participation in the study, and to the attrition during follow-up, there is 

over-representation of urban, European, well-educated, high-income households, as well as non-

depressed mothers, compared to the national population. We were unable to take into account the 

potential effect of sleep disordered breathing (about 1.2% of the general pediatric population 

according to Bixler et al. [38]) as it has not been assessed in our study. We also could not distinguish 

severe cases from more moderate health conditions regarding respiratory and dermal allergies and 

ear-nose-throat infections, which possibly resulted in a lack of association within our study although 

noted by others as risk factors of night-waking [9,39].  

 

5 CONCLUSION 

Trajectory analyses give new insight into developmental patterns of night-waking and associated 

factors. The risk factors were mainly living habits (passive smoking at home, TV watching and sleep 

habits), thus prevention and intervention programs could be highly beneficial in this population. 

Temperamental risk factors were also identified. Further studies in larger mother-child cohorts are 

needed to replicate results.  
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Figure 1 

Title: Night-waking trajectories between age 2 and 5-6 among 1346 children 

Legend:  “2 to 5 rare night-waking” trajectory in grey with triangle marks, “2 to 5 common night-waking” 

trajectory in black with square marks. Dashed lines represent the 95% confidence intervals of the 

trajectory estimations. 
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Table 1 Population description on full sample and by night-waking trajectories from age 2 through 5-6 
among 1346 French children from the EDEN mother-child cohort.  
Data are shown as %(n) or mean ± SD 

  
 

Full sample 
(n=1346) 

2 to 5 rare 
night-waking 

trajectory 
(n=1043) 

2 to 5 
common 

night-waking 
trajectory  
(n=303) 

Bivariate association 
between night-waking 

trajectories and 
covariates  

OR [CI95%] 
i
 p 

j
 

Frequent night-waking    
  

 

at age 2.0 years  20.6% (277)     

at age 3.2 years  24.1% (325)     

at age 5.6 years  7.6% (102)     

Socio-economic factors 
a
      

Center (, Nancy) 48,3% (650) 50.0% (521) 42.6% (129) 0.74 [0.57-0.96] 0.024 

Parental education status      0.80 

<High school  14.7% (198) 14.8% (154) 14.5% (44) 1.01 [0.69-1.46]  

High school  18.8% (253) 18.4% (192) 20.1% (61) 1.12 [0.81-1.55]  

>High school  66.5% (895) 66.8% (697) 65.4% (198) (reference)  

Household income
 
     0.026 

<1500 €/month  11.3% (152) 10.2% (106) 15.2% (46) 1.79[1.17-2.74]  

1501-3000 €/month  58.3% (784) 58.2% (607) 58.4% (177) 1.20 [0.90-1.62]  

>3000 €/month  30.5% (410) 31.6% (330) 26.4% (80) (reference)  

Perinatal characteristics     

Maternal age 
b
 (years) 30.03 ± 4.73 30.1 ± 4.7 29.9 ± 4.8 0.99 [0.97-1.02] 0.54 

Maternal depression  
a,e

 6.8% (91) 6.6% (69) 7.3% (22) 1.11 [0.67-1.82] 0.69 

Child gender (%(n), Girl) 47.3% (637) 47.1% (491) 48.2% (146) 1.05 [0.81-1.35] 0.73 

Child ponderal index (kg/m
3
) 

b
 26.97 ± 2.74) 26.9 ± 2.7 27.1 ± 2.8 1.02 [0.97-1.07] 0.43 

First child  46.7% (628) 46.6 (486) 46.9% (142) 1.01 [0.78-1.31] 0.93 

Postnatal environment and health 
d
     

Pre-term birth  
f
 5.5% (74) 5.4% (56) 5.9% (18) 1.11 [0.64-1.92] 0.70 

Breastfeeding (months) 3.38 ± 3.75 3.35 ± 3.7 3.46 ± 3.9 1.01 [0.97-1.04] 0.66 

Passive smoking at home  8.8% (118) 7.5% (78) 13.2% (40) 1.88 [1.26-2.82] 0.002 

Collective care arrangement  70.2% (945) 68.3% (712) 76.9% (233) 1.55 [1.15-2.08] 0.004 

Television viewing (h/day)  1.03 ± 0.75 0.99 ± 0.71) 1.17± 0.86 1.35 [1.16-1.59] <0.001 

Atopic profile 
g
  26.2% (352) 25.5% (266) 28.4% (86) 1.16 [0.87-1.54] 0.32 

Ear nose throat infection  48.6% (654) 47.5% (495) 52.5% (159) 1.22 [0.95-1.58] 0.12 

Sleep habits 
d
      

Falling asleep with parental 
presence  

6.2% (83) 5.1% (54) 9.6% (29) 1.94 [1.21-3.10] 0.006 

Bottle feeding at night  19.6% (264) 18.0% (188) 25.1% (76) 1.52 [1.12-2.06] 0.007 

Temperament 
c
      

Activity
 h
 3.54 ± 0.48 3.52 (0.48) 3.58 (0.47) 1.27 [0.97-1.67] 0.086 

Shyness
 h
 2.08 ± 0.56 2.09 (0.56) 2.02 (0.56) 0.79 [0.63-1.00] 0.048 

Emotionality
 h
 2.77 ± 0.69 2.75(0.69) 2.84 (0.68) 1.20 [1.00-1.45] 0.049 

a
 Measured during pregnancy, 

b
 Measured at birth, 

c
 Measured at age 1 year,

 d
 Measured at age 3 

years, 
e 
Center of Epidemiologic Studies Depression scale score inferior to 23, 

f  
inferior to 37 weeks of 

amenorrhea, 
g
 Diagnosed skin atopy, respiratory or food allergy, 

h  
Emotionality Activity and Sociability 

scale (EAS). Score range 0 to 5, a higher score indicates more activity, shyness or emotionality 
i
 Odd ratio and 95% confidence interval, 

j
 p-value 



 

Table 2 Multivariable analyses of factors associated with night-waking trajectories from age 2 through 5-6 and covariates among 1346 French children 

from the EDEN birth cohort 

N=1346 
Model 1 Model 2 Model 3 Model 4 

OR [CI95%] 
i
 p 

j
 OR [CI95%] p OR [CI95%] p OR [CI95%] p 

Socio-economic factors 
a
 

  
      

Center (Nancy) 0.73 [0.56-0.96] 0.026 0.73 [0.55-0.97] 0.030 0.72 [0.54-0.95] 0.021 0.70[0.52-0.93] 0.013 
Parental education status   0.60  0.26  0.13  0.12 

<High school  0.81 [0.54-1.22]  0.70 [0.46-1.07]  0.64 [0.42-0.99]  0.64[0.42-0.98]  
High school  0.97 [0.69-1.38]  0.93 [0.65-1.33]  0.90 [0.63-1.28]  0.91[0.64-1.30]  

>High school (reference)  (reference)  (reference)  (reference)  
Household income (€/month)  0.038  0.15  0.23  0.24 

<1500 €/month 1.84 [1.15-2.94]  1.61 [0.99-2.63]  1.54 [0.94-2.52]  1.53[0.93-2.51]  
1501-3000 €/month  1.19 [0.87-1.63]  1.12 [0.81-1.55]  1.13 [0.82-1.56]  1.12[0.81-1.55]  

>3000 €/month (reference)  (reference)  (reference)  (reference)  
Perinatal characteristics

1
         

Maternal depression 
a,e

 1.07 [0.65-1.77] 0.79 1.06 [0.63-1.76] 0.84 1.05 [0.63-1.76] 0.84 1.03[0.61-1.72] 0.92 
Child gender (Girl) 1.08 [0.83-1.40] 0.57 1.08 [0.83-1.40] 0.59 1.06 [0.81-1.38] 0.68 1.10[0.85-1.44] 0.47 
Child ponderal index (kg/m

3
) 

b
 1.04 [0.99-1.09] 0.16 1.04 [0.99-1.09] 0.12 1.04 [0.99-1.10] 0.11 1.05[0.99-110] 0.087 

First child 0.97 [0.74-1.26] 0.80 0.95 [0.73-1.25] 0.73 0.94 [0.72-1.23] 0.66 0.89[0.68-117] 0.411 
Postnatal environment

 
and Health 

d
         

Passive smoking at home    1.65 [1.07-2.55] 0.023 1.64 [1.06-2.55] 0.027 1.56[1.00-2.44] 0.048 
Collective care arrangement   1.49 [1.09-2.02] 0.011 1.51 [1.11-2.05] 0.009 1.51[1.11-2.06] 0.009 
Television viewing   1.38 [1.17-1.62] <0.001 1.35 [1.14-1.60] <0.001 1.33[1.13-1.58] 0.001 
Atopic profile 

f
   1.09 [0.81-1.46] 0.57 1.07 [0.80-1.44] 0.66 1.08[0.81-1.46] 0.60 

Ear nose throat infection   1.12 [0.86-1.46] 0.39 1.10 [0.85-1.44] 0.47 1.11[0.85-1.45] 0.45 
Sleep habits

 d
         

Falling asleep with parental presence     1.65 [1.00-2.72] 0.050 1.59[0.96-2.63] 0.069 
Bottle feeding at night     1.46 [1.07-2.01] 0.019 1.45[1.06-2.00] 0.022 
Temperament

 c
         

Activity 
h
       1.17[0.88-1.57] 0.284 

Shyness 
h
       0.76[0.59-0.98] 0.031 

Emotionality 
h
       1.22[1.00-1.49] 0.049 

a
 Measured during pregnancy, 

b
 Measured at birth,

 c
 Measured at age 1 year,

 d
 Measured at age 3 years 

e 
Center of Epidemiologic Studies Depression scale score inferior to 23 

f
 Diagnosed skin atopy, respiratory or food allergy,  
g  

Emotionality Activity and Sociability scale (EAS). Score range 0 to 5, a higher score indicates more activity, shyness or emotionality  
h
 Odd ratio and 95% confidence interval, 

i
 p-value 
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