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INTRODUCTION 

1.1.Background 

The first years of life are crucial in terms of long-term cognitive and behavioral development 

(Shonkoff and Richmond, 2009). Therefore, early interventions limiting the impact of adverse 

environments early on in life may help reduce inequalities in health, cognitive and social 

development in the short and long-term (Doyle et al., 2009). The most famous research in this 

area, conducted by James Heckman, shows that the earlier the intervention the higher return 

on investment and reaped benefits (Carneiro and Heckman, 2003). Childcare prior to school 

entry varies in type, duration as well as quality. Some children are looked after in their own 

home, others by relatives or in the home of another caregiver, still others in collective settings 

with other children. Childcare therefore includes different environments which may have 

different consequences for children’s cognitive and non-cognitive development. 

Cognitive development plays a fundamental role with regard to later schooling, income, 

criminality and success in many facets of social and economic life (Cunha and Heckman, 

2010). Over the last 30 years, many studies have therefore studied the influence of early 

childcare on cognitive development. They have shown that compared to parental care, formal 

care is associated with increased school readiness, improved receptive vocabulary and better 

reading skills (Geoffroy et al., 2010; Li et al., 2013) as well as improved language skills 
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(Luijk et al., 2015). This may be particularly true for children who come from a 

disadvantaged socioeconomic background (Geoffroy et al., 2010) or children of immigrants 

(Dustmann et al., 2012). Long terms benefits of early subsidized childcare include higher 

educational attainment, labor market participation and reduced welfare dependency especially 

for individuals from low socioeconomic backgrounds (Havnes and Mogstad, 2011). 

Similarly, non-cognitive characteristics including perseverance, self-esteem, self-control and 

motivation influence educational performance, as well as social and economic success 

(Borghans et al., 2008; Heckman et al., 2006). There has been much debate regarding the 

possible role of early life childcare arrangements in potentially increasing or offsetting 

developmental and behavioral risks. Studies undertaken in the 1980’s came to the conclusion 

that early and extensive non-parental childcare is related to an increased level of disobedience 

and aggression in children later in life (Baydar and Brooks-Gunn, 1991; Belsky and Rovine, 

1988; Haskins, 1985; Rubenstein et al., 1981). Some studies show that children who are in 

non-parental care have more psychological difficulties than those who stay at home (Belsky et 

al., 2007; Belsky and Rovine, 1988; Gialamas et al., 2015; McCartney et al., 2010), and the 

strength of this association appears to be directly related to the number of hours spent out of 

home (Belsky et al., 2007; Datta Gupta and Simonsen, 2010). Other studies show either no 

negative impact of childcare on children (Barnes et al., 2010; Beijsterveldt et al., 2005; 

Gialamas et al., 2014), or  even a beneficial effect, especially among children whose mother is 

depressed or who come from a disadvantaged family (Love et al., 2005; Yamauchi and Leigh, 

2011). 

Countries in which the impact of childcare arrangements on children’s development have 

been studied vary much in terms of early childhood policies (e.g. affordable access to 

childcare, parental leave). If the quality of childcare based on UNICEF standards is taken into 

account (UNICEF Innocenti Research Centre, 2008), studies showing that early childcare is 

associated with increased levels of behavioral difficulties in children are mostly conducted in 

countries where the quality of childcare is considered to be low, such as the USA (Belsky et 

al., 2007; McCartney et al., 2010) and Australia (Gialamas et al., 2015). In studies which take 

the quality of childcare into consideration, an increase in the level of children’s behavioral 

difficulties was only observed in case of extended hours spent in low quality childcare 

settings (McCartney et al., 2010), while children spending extended hours in high quality 

childcare have low levels of behavioral problems (Vandell et al., 2010). 
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The interpretation of results in this area can be complicated because different countries have 

different policies concerning the age of school entry. In most countries children officially start 

school at the age of six (Canada, Germany, Netherlands, Norway, USA) but in some they start 

at the age of five (Australia, Ireland, New Zealand, United Kingdom) or seven (Finland, 

South Africa, Sweden, Switzerland) (UNESCO Institute for Statistics, 2016). The scientific 

literature on childcare usually refers to care received by children up to the age of school entry. 

Furthermore, most evaluated interventions in this area were conducted among children from 

deprived families, and only a few were conducted in countries that have a universal early 

childcare policy such as the Nordic countries.  

In France, the official age for school entry is 6 years. However, 97% of children aged 3 and 

99% aged 4 attend preschool (“école maternelle”) which is free of charge (Blanpain, 2006). 

Therefore, in France the difference in access to early childcare refers to childcare received 

before entering preschool, i.e. prior to age three. The French childcare system is based on the 

principle of universality: public childcare facilities are not aimed at a particular segment of 

the population but accept everyone irrespective of socioeconomic background (Fagnani, 

2012). One of the pillars of the French social protection system, which is largely funded by 

mandatory employer and employee contributions, is the family policy. The state allocates a 

budget to the “Caisse Nationale d’Allocations Familiales” (CNAF) (National Office for 

Family Allowances), which funds and regulates the distribution of subsidies to families as 

well as the financing of childcare facilities via decentralized “Caisse d’Allocations 

Familiales” (CAF) (Office of Family Allowances) (Fraisse L et al., 2011). Each municipality, 

which is the administrative division of a town or a village, has a budget for the development 

of the territory under its jurisdiction and is free to decide how much money is invested in 

center-based facilities depending mainly on political orientation, population size and the 

degree of urbanization. The predominant role of municipalities is to run center-based 

childcare while the General Council (“le Département”) is responsible for childminder 

agreements and center-based childcare quality control (Fraisse L et al., 2011). 

Center-based childcare and childminders are widely used in France, but the selection 

generally depends on availability (demand exceeds supply) rather than parents’ choice. In 

center-base childcare facilities, regulations concerning the supervision of children are strict: 

child-caregiver ratio, timetable of children’s activities during the day, ensuring high quality 

childcare (Collombet, 2012). On the other hand, the quality of childminder’s care may vary 

from one childminder to another, even though they are required to complete mandatory 
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training in early child development before being delivered a 5-year renewable permit. 

Furthermore, there are no pre-established activities (Collombet, 2012) and childminders have 

a lower level of education when compared to educators in center-based childcare settings 

(David-Alberola, 2008). Nevertheless, childminders are the main type of out-of-home 

childcare in France, because the number of places available in center-based childcare is 

limited (Micheau et al., 2010). 

On average, French families spend 411 euro/month on childcare but this amount varies with 

the type of childcare, the number of hours the child spends in childcare, or and the number of 

children in the family (Villaume, 2015). Parents pay on a sliding scale according to their 

income. Through tax deductions and special allowances, childcare is subsidized by the state 

but can nevertheless be too costly for the most economically disadvantaged families (Fagnani, 

2012). Before tax deductions and special allowances, the average cost per month for 35 hours 

of presence is 334 euro per child for center-based childcare and 625 euro per child for a child-

minder (Villaume, 2015). 

There is a high demand for center-based childcare, especially from middle class families in 

which both parents are often employed and who view early socialization in a positive way. 

However, there are often long waiting lists and the demand far exceeds the supply (Fagnani, 

2012). The exogenous allocation of places to center-based childcare creates a quasi-

experimental situation whereby, among families with young children who wish to have them 

looked after, the type of childcare (center-based or child-minder) that is allocated does not 

depend on family characteristics. 

In the present investigation, we examine the association between early childcare 

arrangements, between ages 0 and 3 years, and children’s behavior up to age 8, using data 

from the longitudinal mother-child EDEN cohort study in France. Most studies assessed 

whether childcare is associated with behavioral difficulties at one time point or successive 

time points separately. In the present study we model patterns of behavioral difficulties from 

age 3 to age 8 using group-based trajectory modeling (Jones et al., 2001). We then compare 

children’s trajectories of behavioral difficulties depending on whether they are in informal vs. 

formal care and also depending on the type of childcare they are in and its duration. 

Additionally, because boys (Chaplin and Aldao, 2013; Miner and Clarke-Stewart, 2008), 

children whose mother is depressed (Agnafors et al., 2016; Tompson et al., 2010), as well as 

those who grow up with parents who experience financial difficulties (Barazzetta et al., 2016; 
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Miller and Votruba-Drzal, 2016; Rijlaarsdam et al., 2013) are especially prone to behavioral 

difficulties, we also test whether the type of childcare has a different influence on the 

behavior of children depending on these characteristics. 

 

2. METHODS 

2.1.Study design, setting and participants 

The EDEN mother-child cohort study primary aims to assess pre- and postnatal determinants 

of child growth, development and health. Recruitment of pregnant women (before 24 weeks 

of amenorrhea (WA) was conducted in two French university hospitals (Nancy and Poitiers, 

2003-2005) during the prenatal visit at the Departments of Obstetrics and Gynecology. 

Exclusion criteria were: multiple pregnancies, pre-pregnancy diabetes, illiteracy, and plans to 

move outside the region in the following 3 years. Mothers were examined clinically 3 times: 

between the 24
th

 and 26
th

 WA, at delivery and 5-6 years after delivery. Self-administered or 

midwife-administered questionnaires were filled out during the clinical examinations and 

additionally at 4 months, 8 months, 1 year, 2 years, 3 years, 5.5 years and at 8 years post-

delivery (Heude et al., 2016). 

Among the 2002 women included in the EDEN cohort, 1,432 participants reported their 

children’s behavioral score in at least one of the 3 possible study waves at 3, 5.5 and 8 years 

of age, while 1,428 also provided information about childcare between ages 0 and 3 years. 

These 1,428 mother-child dyads constitute our study population. Compared to the studied 

population, non-participating mothers are more likely to participate in the Nancy research 

center (61.4 vs. 47.8%; p<0.0001), to be younger (mean age = 28.2 years, SD = 5.1 years vs. 

29.9 years, SD = 4.7 years; p<0.0001), have lower education (mean number of years of 

education = 12.4 years, SD = 2.3 years vs. 13.6 years, SD = 2.3 years; p<0.0001), smoke 

cigarettes before pregnancy (49.4 vs. 32.3 %; p<0.0001), less likely to be employed (63.9 % 

vs. 81.5 %; p < 0.0001), less likely to receive social support (62.5 vs. 71.4%; p=0.0002) and 

more likely to have a history of mental health problems (21.8 vs. 14.0%; p<0.0001). 

Participating children, as compared to non-participants, were less likely to be first-born (38.9 

vs. 46.5%; p=0.0047) and more likely to be born with a low birth-weight (7.3 vs. 4.8%; 

p=0.0352). 

 

2.2.Variables 
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2.2.1. Childcare 

From the age of 4 months to 3 years, age at which children generally enter preschool in 

France, mothers were asked to report the type of childcare primarily used by their child 

(crèche/daycare, day nursery, childminder, relatives, neighbors and friends, a babysitter or 

whether the parents looked after the child themselves). 

Childcare type was then divided into 3 groups: 

1. Childminder, CM (N = 636, 45.6%): a professional caregiver with a formal degree in 

early childhood education, with a 5-year renewable permit allowing her to take care of 

up to 6 children in her own house. 

2. Center-based childcare, CBC (N = 367, 25.7%): school-like structures such as 

crèches, daycare, center-based cribs and day nurseries with professional caregivers. 

3. Informal childcare, IC (N = 425, 29.8%):  parental care only (71.3%, n = 303) or 

parental care combined with other non-professional caregivers (e.g. grand-parents, 

aunts and uncles, friends) (28.7%, n = 122) grouped together because of shared 

characteristics. 

 

If the child attended center-based care at any one point in time, she/he was included in the 

‘center-based’ group; if the child never attended center-based care but with a childminder at 

any one point in time she/he was classified in the latter group. If the child was neither in 

center-based care nor with a childminder, she/he was allotted to the informal care group. The 

3 groups are mutually exclusive1. 

Furthermore, by taking into account the type of childcare in the successive waves of 

questionnaires from 4 months to 2 years, we were able to divide children who were in center-

                                                           
1
 All children belonged to only one of the groups. In fact, very few children either switched from a childminder’s 

care to center-based childcare or vice-versa (25) or were in both types simultaneously (19). Children stayed in 

informal care (mostly parental care) until they attended center-based or a childminder. Therefore, children who 

were never in either childminder’s care or center-based care were in the “informal care” group; those who were 

never in center-based but had been in a childminder’s care were in the “childminder” group and all those who 

had experienced center-based childcare at any point in the study were in the “center-based childcare” group.  

Thus children who experienced both childminder’s care and center-based care were classified in the latter group 

(this situation concerns only a small percentage of all children). There are two main reasons behind this 

classification. Firstly, we assumed that center-based childcare would have the greatest effect on children, 

positive or negative. Secondly, in France center-based childcare is highly regarded by parents and some parents 

put their child in childminder’s care while they are on a waiting list for a place in a center-based childcare. In 

this case the child may spent a few weeks with a childminder before entering center-based childcare.  
Hence, even the 5 groups based on type and duration of childcare which we studied were mutually exclusive. A 

child who spent 3 months with a child-minder before entering center-based care for 2 years is classified only in 

the group ‘center-based childcare for at least one year’. 
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based and childminder groups into 2 more groups each, depending on the total time spent in 

care: 

1. Childminder < 1 year, 

2. Childminder >= 1 year, 

3. Center-based care < 1 year, 

4. Center-based care >= 1 year 

5. Informal care. 

 

2.2.2. Childhood behavioral difficulties: SDQ score 

The French version of the Strength and Difficulty Questionnaire (SDQ) was used to measure 

children’s behavior at ages 3, 5.5 and 8 years. Translated into several languages, the SDQ is a 

validated screening instrument for emotional and behavioral problems in children and 

adolescents from 3 years of age onwards (Algorta et al., 2016; Goodman, 1997; Shojaei et al., 

2008). 

It contains 25 items divided into 5 scales of 5 items each: one positive scale (pro-social 

behavior) and four negative scales (emotional symptoms, behavior/conduct problems, 

hyperactivity/inattention, and peer relationship problems). Each scale is scored from 0 to 10. 

The 4 negative scales are summed  to calculate the total SDQ score, which ranges from 0 to 

40 (Youthinmind, 2015). 

 

2.2.3. Covariates 

Covariates include variables potentially associated either with the type of childcare or 

children’s behavioral difficulties. Only measures obtained between baseline and age 3 years, 

which is the age when children in France enter preschool, were considered. 

Among these variables were participants’ socio-demographic characteristics: study center 

(Nancy or Poitiers); family situation (married/cohabiting or single); mother’s age at delivery; 

parents’ education level (number of years of education dichotomized at 14 years, which is 

equivalent to the French High School Certificate (baccalauréat)  + 2 years of higher 

education); parents’ employment status at each study wave; and the presence of financial 

difficulties (difficulties to buy food or clothes for the family, difficulties to pay the rent, 
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heating or electricity, regular overdraft of bank account, subsidized health coverage, a family 

income of less than 1500 euros at least once during the study period). 

Maternal psychological difficulties: The Centre for Epidemiological Studies Depression 

(CESD) questionnaire was used to detect mother’s depressive symptoms at 24 weeks of 

amenorrhea (Radloff, 1977). To identify individuals at risk of clinical depression, the score 

was cut-off at 23 or above (Fuhrer and Rouillon, 1989). The Edinburgh Postnatal Depression 

Scale (EPDS), a 10- item questionnaire devised to identify postnatal depression was used 

during the first year after birth (4, 8 and 12 months) to screen for the mothers’ depression 

symptoms, with a score ranging from 0 to 30 (Cox et al., 1987). A threshold score of 13 or 

above was used to identify women at risk of clinical depression (Matthey et al., 2006). 

Other variables pertaining to the mothers’ psychological status include the use of 

psychological help during pregnancy and after birth (e.g. anxiolytics, sleeping pills, 

counselling) and self-reported mental health problems prior to pregnancy. 

Other variables include parents’ own behavioral difficulties during childhood, parents’ use of 

psychoactive drugs (alcohol, cigarettes, cannabis), and the frequency of different parent-child 

activities (e.g. reading a story, feeding, playing, bathing, etc.). 

 

2.3.Statistical methods 

2.3.1. Mean SDQ score 

We tested whether there was a significant difference in behavioral symptoms across the 

different childcare groups by comparing mean SDQ scores: (i) children in formal vs. informal 

childcare; (ii) children with a childminder or in informal care vs. those in center-based 

childcare. 

 

2.3.2. Group-based trajectory modelling - Behavioral trajectories 

Using data from participants with at least one of the three SDQ measures, we estimated 

participating children’s behavioral trajectories with group-based trajectory models (Jones et 

al., 2001; Nagin and Land, 1993; Nagin and Tremblay, 2005). This semi-parametric modeling 

procedure enables the identification of clusters of individuals who follow a similar 
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developmental trajectory of a variable of interest (Nagin and Odgers, 2010), in this case 

overall behavioral scores. 

Unlike hierarchical modeling and latent curve analysis which assume that the population of 

trajectories varies continuously across individuals and in a fashion that can be explained by a 

multivariate normal distribution of population parameters, group-based trajectory modeling 

assumes that there may be distinctive developmental trajectories that reflect distinct etiologies 

(Nagin, 2005). Furthermore, the definition of groups is based on formal statistical modeling 

rather than subjective classification rules and can be verified by testing the posterior 

probability of group membership (Nagin, 2005). 

The method considers that data are missing at random (Broadbent et al., 2008) and individuals 

with missing data are assigned to their most likely group. 

Several models were tested examining an increasing number of developmental trajectories 

and different shapes (linear, quadratic, cubic) - the best model was determined using the 

Bayesian Information Criterion (BIC) (Jones et al., 2001; Jones and Nagin, 2007; Nagin and 

Odgers, 2010) and maximizing the probability of group membership (>=0.7 ) (Nagin, 2005; 

Nagin and Odgers, 2010). 

 

 

2.2.3. Multiple Data Imputation 

Complete case analysis, i.e. the analysis of subjects with no missing data may lead to the 

exclusion of large numbers of participants especially when examining measures repeated over 

time. It may also sometimes result in biased results (Sterne et al., 2009). One approach to deal 

with missing data is multiple imputation (MI). MI does not seek to replace a missing value 

with a simulated one but rather produces a random sample of possible values that represent 

the unpredictability of the missing value (Yuan, n.d.). MI involves 3 steps: 

1. Multiple copies of the dataset are created with missing values filled in by imputed 

values based on a Bayesian approach (Sterne et al., 2009). 

2. Standard procedures are used to analyze the different datasets producing different 

estimated associations and reflecting the uncertainty associated with the imputed 

missing values. 

3. The results are combined to draw an inference. 
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Only covariates were imputed. We assume that data were missing at random, i.e. the 

probability of a variable being missing depends on observed variables but not on the value of 

the missing variable. A wide range of variables predictive of missing data were included in 

the imputation model, even if they did not form part of the substantive analyses (Sterne et al., 

2009). 

Full Conditional Specification (FCS) Multiple Imputation with 10 imputations of each 

missing value was used. FCS MI is flexible and allows the specification of  a model for each 

type of variable, e.g. linear regression for continuous variables, logistic regression for binary 

variables (Bartlett et al., 2015). 

PROC MIANALYZE in SAS V9.4 was then used to combine results when analyzing the 

complete imputed dataset. 

 

2.2.4. Inverse Probability Treatment Weights (IPW) adjusted analyses 

One of the issues in examining the relationship between childcare type and children’s 

development using observational data is that children who attend childcare differ from those 

who do not (e.g. high socioeconomic position, positive interactions with parents). 

A propensity score (PS) is the probability of treatment assignment conditional on observed 

baseline covariates (Z = the indicator for the observed treatment exposure, X = the vector of 

covariates)(Austin, 2011; Rosenbaum and Rubin, 1983): 

e(X) = P (Z = 1|X), 0 < e(X) < 1. 

It is a covariate summary score. Subjects having the same PS, whether they are treated 

(exposed) or not, have, on average, the same distribution of covariates used to estimate the 

PS. Therefore, individuals with the same propensity score share a similar distribution of X 

regardless of their treatment exposure.  

Several methods have been used to reduce selection bias by using PS: covariate adjustment, 

matching, stratification and Inverse Probability Weight of treatment (IPW)(Austin, 2011; Xu 

et al., 2010). In our study we calculated propensity scores for each subject and used the 

Inverse Probability Weight of treatment to account for selection bias. In IPWs, each 

observation is weighted by the reciprocal of the predicted probability of receiving the 

treatment that was observed for each patient, which can be estimated using propensity 

scoring. “With the appropriate weights, the weighted study population will be balanced across 
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the treatment groups on the confounding factors. This balance is what allows for unbiased 

estimates of treatment effects in randomized controlled trials, thus IPW can be thought of as 

simulating randomization in observational studies”(Crowson et al., 2013). 

By using the inverse probability of treatment received to weigh the subjects, an artificial 

sample is created whereby treatment selection is independent of measured baseline covariates, 

making it possible to measure average treatment effects (Austin and Stuart, 2015). In the 

synthetic sample created after PS are calculated and IPW applied, the treated and untreated 

population will have similar baseline characteristics, the main difference between the two 

groups being the treatment.  

The IPW are calculated from the PS and are applied only once in the model. They are used to 

balance covariates between the 3 childcare groups but do not modify the treatment exposure 

or outcomes. The IPW procedure serves to make counterfactual inference. Individuals with a 

high probability of being treated that are actually treated bring no counterfactual information 

whereas individuals with a low probability of receiving treatment who actually receive 

treatment are much more informative on treatment effects. Similarly for individuals with a 

high probability of being exposed who actually are not exposed are more informative. 

Multinomial multivariate logistic regression was used to calculate the probability of being in 

each childcare group and hence the PS (Crowson et al., 2013). Variables related to the 

outcome were included in the model for calculating propensity scores (Austin et al., 2007; 

Austin, 2011; Brookhart et al., 2013). We made sure that PS distributions in the different 

childcare groups overlapped (Lanehart et al., 2012) (supplementary figure 1). 

Weights were stabilized by dividing by the mean weight in order to minimize extreme 

weights and reduce type 1 error and weights above the 99
th

 percentile were curtailed to the 

99
th

 percentile before verifying that the stabilized mean weight was close to 1. With IPWs, 

each observation is weighted by the inverse of the PS. Extreme weights may result from 

observations with a PS close to 1 or 0 and consequently result in rejecting the null hypothesis 

too frequently (Xu et al., 2010). Finally, we verified that confounding factors were more 

evenly distributed among the 3 childcare groups post- than pre-weighing (supplementary 

Table 2) (Austin and Stuart, 2015; Lanehart et al., 2012). Multinomial logistic regression 

models were used to analyze whether childcare type predicted children’s SDQ score trajectory 

group (intermediate or high, vs. low group). 
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2.2.5. Interactions 

We tested for statistical interactions and performed stratified analyses to test whether the 

effect of childcare varied with the child’s gender, maternal depression during the perinatal 

period, maternal education or low family income (income < 1500 euros) between pregnancy 

and the child’s 3-year assessment. To maximize the statistical power of these analyses, we 

combined children with intermediate and high trajectories of behavioral or emotional 

difficulties yielding a binary outcome: low vs. intermediate/high SDQ score trajectory. 

 

3. RESULTS 

3.1. Descriptive analysis 

Table 1 shows children’s and families’ characteristics depending on the type of childcare 

between ages 0 and 3 years (childminder: 44.5%, N = 636; center-based care: 25.7%, N = 

367; informal care: 29.8%, N = 425). The average proportion of missing values among 

covariates was 6.4%. All the covariates had less than 20% of missing values except the 

mother’s EPDS score at 12 months (22.2%). Overall, children who were in out-of-home care 

came from families with higher levels of education and employment, and lower levels of 

financial difficulties and parental mental health problems than those who were in informal 

care. We observed relatively few differences with regard to these baseline characteristics 

between children who were cared for by a child-minder and those who were in center-based 

care. In terms of trajectories of behavioral difficulties, children in the informal childcare 

group had the highest SDQ score levels, those in center-based care the lowest. 

 

3.2. Behavioral and emotional symptoms levels 

Table 2 shows the mean SDQ scores at 3, 5.5 and 8 years across the different childcare 

groups when compared successively to the informal group and the center-based childcare 

group. Children in informal care had the highest mean SDQ scores in each of the three periods 

while those in center-based had the lowest. 

 

3.3. Behavioral and emotional trajectories 

The final model for group-based trajectories consisted of 3 distinct groups (Figure 1): a low 

SDQ score trajectory (50.4%, n = 721) (low symptoms throughout), an intermediate SDQ 

score trajectory (40.2%, n = 574) and a high SDQ score trajectory (9.3%, n = 133) (high 
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symptoms throughout). The 3 trajectories were somewhat flat and parallel showing that 

children with a comparatively high level of behavioral or emotional symptoms at 3 years also 

had high levels at 5.5 and 8 years. 

Children’s mean probabilities of being in each respective trajectory group were 0.78 (SD = 

0.14) for the low trajectory, 0.84 (SD = 0.14) for the intermediate trajectory and 0.76 (SD = 

0.16) for the high trajectory. We used the low trajectory group as the reference. Mean SDQ 

scores in the low, intermediate and high trajectory groups were respectively: 6.70 (SD = 

2.81), 12.18 (SD = 3.15) and 17.91 (SD = 4.07) at 3.5 years; 5.10 (SD = 2.61), 11.06 (SD = 

3.06) and 18.60 (SD = 4.18) at 5.5 years and 5.14 (SD = 2.72), 11.08 (SD = 3.42) and 18.07 

(SD = 4.13) at 8 years. 

 

3.4. Bivariate analysis 

In bivariate analyses, children who were looked after by a childminder or in informal care had 

higher levels of emotional and behavioral difficulties than those who were in center-based 

childcare, and children looked after by a childminder’s care had lower levels than those in 

informal care (Table 3a). 

Examining the time spent in childcare (Table 3b), we observed that compared to children 

who spent at least 1 year in center-based childcare, those who were in a childminder’s care, 

irrespective of the time spent, as well as those who were in informal care were more likely to 

be in the high or intermediate trajectories of behavioral problems. 

 

3.5. IPW-adjusted analysis 

In IPW-adjusted multivariate analyses, the ORs associated with childcare attendance 

decreased and lost statistical significance (Table 4a). 

However, compared to children who were in center-based childcare for at least one year 

(14.0%, N= 200), those who spent less than 1 year in a childminder’s care (12.2%; N = 174) 

and those in informal care (29.8%, N = 425) had a higher likelihood of being in the 

intermediate and high trajectories of total difficulties while those who spent at least 1 year in a 

childminder’s care (32.4%; N = 462)  or less than 1 year in center-based childcare (11.7%; N 

= 167) were associated with the high trajectory of behavioral difficulties (Table 4b). 

3.6. Subgroup analyses 
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Table 5 shows the results of subgroup analyses in which trajectories that correspond to 

intermediate and high symptom levels of behavioral difficulties were merged and compared 

with the low symptom trajectory. 

3.6.1. Gender 

In comparison to girls who were in informal childcare (28.3%, N =194), girls who were 

looked after by a childminder (43.9%, N =301) had a decreased likelihood of having a high 

trajectory of emotional or behavioral difficulties as did those who were in center-based 

childcare (27.7%, N =190), although the latter result did not reach statistical significance. 

Spending more than 1 year in a childminder’s care (31.4%, N = 215) or in center-based 

childcare (15.9%, N = 109) was associated with a decreased likelihood of having a higher 

trajectory of behavioral difficulties when compared to informal care while informal care. Girls 

looked after by a childminder for less than 1 year was associated with an increased likelihood 

of high level behavioral difficulties compared to girls who spent more than 1 year in center-

based childcare. 

Compared to boys in informal care, those in a childminder’s care (45.1%, N = 355), 

especially for less than 1 year (11.8%, N = 88), had a higher likelihood of high behavioral 

difficulties. 

3.6.2. Mother’s education level 

Among children whose mother had a high educational level (N = 840), compared to those 

who spent at least 1 year in center-based childcare, those who were in a childminder’s care for 

less than 1 year and those who were in informal care had higher levels of behavioral 

symptoms. On the other hand, among children whose mother had a low educational level (N = 

588), only a childminder’s care for less than 1 year was significantly associated to a higher 

trajectory of behavioral problems when compared to center-based childcare for at least 1 year. 

3.6.3. Mother’s depression status 

Overall, there was no significant association between childcare type or time spent in childcare 

and behavioral trajectories for children whose mother was depressed during the perinatal 

period (23.9%, N = 343). To the contrary, among children whose mother did not have 

depression (76.1%, N = 1085), compared to those who were in center-based childcare for at 

least 1 year, those who were in informal childcare or in a childminder’s care for less than 1 

year were more likely to have a higher trajectory of behavioral difficulties. 
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3.6.4. Low income 

Overall, we found no evidence that children growing up in low income families gained from 

being in childcare between ages 0 to 3. However, among families who had intermediate/high 

income (N = 1 159), compared to children were in center-based childcare, those who were in 

informal childcare or in a childminder’s care were more likely to be in a trajectory of high 

emotional or behavioral difficulties. 

 

4. DISCUSSION 

4.1. Main findings 

Using data from 1428 mother-child dyads participating in the EDEN mother-child cohort, we 

identified three trajectories of children’s emotional and behavioral difficulties from ages 3 to 

8: low (50.4%), intermediate (40.2%) and high (9.3%). 

In bivariate analyses, children who were looked after by a childminder or who were in center-

based childcare were less likely to have intermediate or high levels of emotional or behavioral 

difficulties up to age 8 years. However, after taking into account a large number of socio-

demographic, parental and child characteristics, we did not observe statistically significant 

differences between the three childcare groups. Nevertheless, when children who spent at 

least 1 year in center-based care were compared to children in other settings, we found that 

those in informal childcare as well as those who were in a childminder’s care, irrespective of 

the time spent there, were more likely to have intermediate or high levels of behavioral 

difficulties. 

Secondary analyses showed that levels of emotional or behavioral difficulties were generally 

lowest among children who were in center-based childcare, particularly if they stayed there 

for more than 1 year. Girls were more likely to benefit from formal childcare. There were no 

significant differences in levels of behavioral difficulties for boys who were in informal care 

or center-based childcare, but child-minders’ care, especially for a duration of less than 1 year 

was associated with higher levels of behavioral difficulties symptoms. In the context of 

debates about the role of early childcare with regard to children’s behavioral development, 

our study indicates that center-based childcare attendance in France does not cause children’s 

psychological difficulties and may even have a protective effect. 

4.2. Strengths and limitations 
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Our study has several strengths. First, we used a prospective design which allowed us to 

ascertain study exposure and outcome as well as multiple covariates prospectively, between 

the time of the child’s birth to school entry, yielding rich information on children’s situation, 

behavior as well as their family context. Second, we used group-based trajectory modeling of 

children’s SDQ scores to define developmentally sound groups in a more precise way using a 

single measure. Third, we used propensity scores and inverse probability weights (IPW) to 

account for selection factors and confounders. Studies showed that in the case of fewer than 

eight classes per confounder, and with several confounders, analyses based on propensity 

scores yield estimates that are less biased, more robust, and more precise than a logistic 

regression based approach (Cepeda et al., 2003). Third, given the specific context prevailing 

in France, we were able to directly compare two groups that are quite similar in terms of 

background characteristics yet imply different educational content: childminder vs. center-

based childcare. This situation strengthens our ability to draw causal inferences from our 

findings. 

However, we also acknowledge limitations. First, the EDEN study is not representative of 

children in France. Indeed, the study was set up in two cities and, as in other cohort studies, 

participants were selected. However, the sample we studied is heterogeneous from the point 

of view of family background characteristics and levels of childcare attendance are 

comparable to national estimates. Second, our measure of early childcare may be relatively 

rough. Indeed, children can change childcare type during the 3 years before they enter school 

and it may be that childcare transitions are relevant with regard to later development. 

However, though transitions from informal childcare to formal childcare are frequent, 

especially during the first year of life, once a child is in a formal childcare type he/she 

generally does not go back to informal care. In our study, 25 children either moved from 

center-based childcare to a childminder or vice-versa while 19 children attended both types of 

formal childcare simultaneously at least once during the study period. Third, children’s 

behavior was ascertained by their mothers, and may be sensitive to reporting bias. 

Nevertheless, mothers are generally reliable in assessing their children’s behavior in middle 

childhood (Mieloo et al., 2012) and our longitudinal measure is more valid than a single 

ascertainment at one point in time. 

4.3. Possible mechanisms linking early childcare to children’s behavior 

In the context of controversy regarding the consequences of early childcare, our findings are 

in line with data from the NICHD Early Child Care Research Network study (The NICHD 
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Early Child Care Research, 1998) as well as a large Norwegian cohort study (N = 75,271) 

(Zachrisson et al., 2013) which showed that early, extensive and continuous childcare was not 

related to an increased likelihood of childhood behavioral problems. In fact, quality non-

parental care was reported to be positively associated to children’s social capabilities and 

behavior (The NICHD Early Child Care Research, 1998). However, in the first study only a 

small percentage of  center-based childcare settings could be classified as ‘good quality’; e.g. 

only 36 % of centers had enough caregivers at 6 months, 20% at 15 months and 26% at 24 

months (The NICHD Early Child Care Research, 1998). In Norway, on the other hand, 

childcare quality as high as in France (UNICEF Innocenti Research Centre, 2008) and very 

widespread (97% of children attend) (Zachrisson et al., 2013). Our findings extend this prior 

knowledge by showing that center-based childcare may be especially beneficial if children 

attend for at least one year. 

Our results can be explained by several mechanisms. First, children who attend childcare 

differ from those who stay at home until preschool entry with regard to many characteristics 

including family socioeconomic factors and parental history of mental health problems which 

can both influence children’s behavioral development. While this is the case in our study as in 

other settings, we were able to control for multiple family background characteristics and 

compare children who were in childminder care with children who attended a center-based 

childcare setting, which reduces the influence of this type of bias. Second, center-based care 

enables children’s early socialization and respect of societal rules (Bernal and Fernández, 

2013). Exposure to positive stimulation through praise, play and reading (Klasen and 

Crombag, 2013) can have long-term beneficial consequences on brain, neuroendocrine, 

cognitive or psychosocial development (Wachs et al., 2014). Fewer symptoms of depression 

and social inhibition as well as reduced violent behaviors have been observed among children 

who are stimulated from a young age onwards (Walker et al., 2011). This type of stimulation 

in a formal setting may also favor children’s cognitive development, with, in the long term, 

better general knowledge, academic achievement, and higher IQ. This may explain why some 

studies have shown that center-based childcare is especially beneficial children growing up in 

disadvantaged families (Geoffroy et al., 2010; Love et al., 2005). In our study, we did not find 

evidence of such an effect, and to the contrary, children who did not experience hardship were 

those who were most likely to benefit from being in childcare. It may be that the universal 

approach which is applied in French early education programs does not suffice to help 

children overcome the difficulties that can result from deficits in early life stimulation and 
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caretaking. However, it has to be noted that our sample is not representative of children in 

France, and additional research using nationally representative data will need to verify this 

hypothesis. Overall, we observed that at least one year spent in childcare was necessary to 

observe protective effects, which will also need to be verified using nationally representative 

data. 

4.4. Social and economic policies 

In 2013, France spent approximately 1.3% of its GDP on provision of childcare and pre-

primary education. Comparatively, the USA spent around 0.4 %, Norway 1.3% and Iceland 

1.8% (OECD average: approximately 0.8%)(OECD, 2016). However, while public policies in 

the 1980s aimed to provide childcare facilities so that mothers could work, policies launched 

in the 1990’s created the ‘allocation parentale d’éducation (APE)’, a financial aid for mothers 

who wish to stop working  in order to take care of their children. This benefit is mainly used 

by women who are employed in low-wage jobs(Fagnani, 2006). Overall, in 2010, formal 

childcare use was used by less than 20% of families in the lowest income quintile, and 60% of 

families in the two highest income quintiles(Mills et al., 2014). Our results, along with other 

studies showing positive influences of center-based childcare on children’s cognitive 

development, suggest that public policies should aim to give access to high quality center-

based childcare to a higher proportion of children under the age of 3 years (Choné et al., 

2003). 

Our study shows that center-based childcare in a country were childcare is strictly regulated, 

subsidized and of high quality has a positive impact on children’s psychological development. 

The impact of childminder’s care, on the other hand, is more equivocal. This implies that 

public policies that increase access to high quality center-based childcare are most likely to 

have a positive role on children’s long-term psychological development. Further studies are 

necessary to find out ways in which boys, as well as children whose mother is depressed or 

who grow up in low-income families can attend childcare in higher proportions and fully 

benefit from it. 
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Table 1: Characteristics of children participating in the EDEN mother-child cohort in relation 

to childcare between 0-3 years (n = 1428, 2003-2011, France). % (N) or mean (standard 

deviation), p-value. 

 

 

Variables 

% missing 

data Childminder 

Center-based 

childcare 

Informal 

childcare 

% (N) 

 

44.5 (636) 25.7 (367) 29.8 (425) 

     Child's characteristics 

    Center of birth  0 

   Nancy 

 

43.1 (274) 55.0 (202) 49.2 (209) 

Poitiers 

 

56.9 (362) 45.0 (165) 50.8 (216) 

Gender  0 

   Female 

 

47.3 (301) 51.8 (190) 45.7 (194) 

Male 

 

52.7 (335) 48.2 (177) 54.4 (231) 

Maternal age at delivery (years) 0 29.8 (4.3) 29.8 (4.7) 30.2 (5.4) 

Low birth weight  0 4.1 (26) 6.0 (22) 4.7 (20) 

Prematurity 0 5.5 (35) 6.0 (22) 5.2 (22) 

Duration of breastfeeding (months) 0 2.84 (3.37) 3.94 (4.22) 3.98 (5.39) 

Only child at the time of birth 0 47.5 (302) 48.2 (177) 16.5 (70) 

Age of entry in school (years) 2.3 3.41 (0.58) 3.44 (0.60) 3.51 (0.66) 

Parents’ employment status 

    Mother working at 24 weeks of pregnancy 0.7 92.1 (586) 88.6 (27.9) 59.3 (252) 

Mother working at 12 months 6.7 93.9 (597) 88.3 (324) 57.7 (245) 

Mother working at 24 months 11.2 95.6 (608) 92.4 (339) 57.4 (244) 

Father working at 24 weeks of pregnancy 2,0 95.4 (607) 91.0 (334) 91.1 (387) 

Father working at 12 months 7.6 95.4 (607) 95.4 (350) 84.0 (357) 

Father working at 24 months 11.3 96.9 (616) 95.6 (351) 81.4 (346) 

Single parent status 

    At 24 weeks of pregnancy 0.4 1.6 (10) 3.5 (13) 3.5 (15) 

4 months after birth 3.6 1.6 (10) 4.4 (16) 4.5 (19) 

8 months after birth 4.1 1.6 (10) 6.0 (22) 4.5 (19) 

12 months after birth 6.4 1.6 (10) 5.7 (21) 3.5 (15) 

24 months after birth 10.7 3.0 (19) 5.2 (19) 5.4 (23) 

Parents' educational level ¶ 

    Mother with higher education 0 66.2 (421) 69.8 (256) 38.4 (163) 

Father with higher education 0 50.6 (322) 59.1 (217) 35.8 (152) 

Financial difficulties 

    Low family income (< 1500 E) during pregnancy 9.5 1.7 (11) 4.1 (15) 9.2 (39) 
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>= financial difficulty during pregnancy 0.4 47.3 (301) 49.6 (182) 56.7 (241) 

Low family income during 1st year 9.3 4.9 (31) 9.3 (34) 31.8 (135) 

>= financial difficulty felt in 1st year 7.1 23.9 (152) 25.9 (95) 43.3 (184) 

Low family income during 2nd year 9.5 3.9 (25) 8.2 (30) 32.0 (136) 

>= financial difficulty during 2nd year 10.4 50.0 (318) 55.0 (202) 63.1 (268) 

 

Table 1 (part 2) 

Parental substance use  

    Maternal cannabis use prior pregnancy 1.8 4.9 (31) 5.7 (21) 7.3 (31) 

Maternal tobacco use prior pregnancy 0.5 31.6 (201) 29.4 (108) 36.0 (153) 

Maternal tobacco use during pregnancy 0.4 22.5 (143) 18.3 (67) 27.5 (117) 

Maternal alcohol use during  pregnancy 4.8 29.9 (190) 26.4 (97) 31.5 (134) 

Father had at least one alcohol problem 

 

2.5 (16) 3.0 (11) 21.2 (90) 

Parental childhood problems 

    Maternal childhood adversity 0.4 24.2 (154) 28.6 (105) 31.3 (133) 

Maternal childhood speech delay 0.4 11.5 (73) 14.7 (54) 22.4 (95) 

Maternal childhood behavior problems 1.1 6.1 (39) 5.5 (20) 7.5 (32) 

Paternal childhood behavior problems 7.3 9.4 (60) 10.4 (38) 16.0 (68) 

Paternal childhood speech delay 7.5 26.3 (167) 24.8 (91) 41.7 (177) 

Child's activities with the parents 

    Mostly the mother: 4 and 8 months 17,0 82.1 (522) 80.7 (296) 55.1 (234) 

Mother > 5 days/week : at 12 months 14,0 92.8 (590) 91.3 (335) 94.6 (402) 

Father > 5 days/week : at 12 months 17.7 78.8 (501) 77.9 (286) 70.8 (301) 

Mother > 5 days/week : at 24 months 14.8 51.3 (326) 66.8 (245) 77.2 (328) 

Father > 5 days/week : at 24 months 19.2 72.2 (459) 64.0 (235) 80.0 (340) 

Mother's psychological status 

    Depression during pregnancy (CESD) ¥ 17.6 6.3 (40) 5.5 (20) 6.0 (85) 

Depression at 4 months (EPDS) § 19.7 7.2 (46) 9.3 (34) 7.3 (31) 

Depression at 8 months (EPDS) § 19.7 6.6 (42) 5.7 (21) 26.6 (113) 

Depression at 12 months (EPDS) § 22.2 4.7 (30) 6.0 (22) 30.8 (131) 

Psychological help during pregnancy  0 12.7 (81) 14.4 (53) 12.0 (51) 

Psychological help at 4 months  3.2 5.7 (36) 7.6 (28) 4.9 (21) 

Psychological help at 8 months  3.9 6.5 (41) 9.8 (36) 6.1 (26) 

Psychological help at 12 months  6.7 7.9 (50) 10.6 (39) 6.8 (29) 

Psychological help at 24 months  10.5 10.9 (69) 15.8 (58) 8.7 (37) 

History of mental health problems 1,0 12.6 (80) 14.4 (53) 16.0 (68) 

Absence of social support  0.4 25.2 (160) 29.4 (108) 34.2 (139) 
 

 

% (N) or Mean (SD) for continuous variables 

¶ BAC or Baccalauréat in France is equivalent to Higher School Certificate, or Matura in other European countries 

¥ CES-D: Center of Epidemiological Studies Depression scale 

§ EPDS: Edinburg Postnatal Depression Scale 
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Table 2: Comparison of SDQ total scores at 3, 5.5 and 8 years among children from child-

minder, center-based childcare and informal childcare, with successively children in informal 

care and children in center-based childcare as reference (at least 1 year in center-based 

childcare for comparison of time in childcare). 

 
 

Age Childcare type Child-minder Center-based 

childcare 

Informal 

childcare 

3 years N  593 337 374 

Mean SDQ score (SD) 9.98 (4.56) 8.94 (4.72) 10.77 (4.94) 

p (compared to IC) 0.0111 <0.0001 - 

p (compared to CBC) 0.0013 - <0.0001 

5.5 years N  537 300 346 

Mean SDQ score (SD) 8.97 (5.42) 7.76 (4.97) 9.28 (4.99) 

p (compared to IC) 0.8340 0.0038 - 

p (compared to CBC) 0.0013 - 0.0002 

8 years N  401 235 238 

Mean SDQ score (SD) 8.95 (5.24) 7.66 (5.08) 9.03 (5.08) 

p (compared to IC) 0.3799 0.0002 - 

p (compared to CBC) 0.0024 - 0.0038 

 

Age Time in childcare  CM < 1 

YR 

CM >= 1 

YR 

CBC < 1 

YR 

CBC >= 1 

YR 

IC 

3 years N  151 442 154 183 374 

Mean SDQ score (SD) 10.50 (4.61) 9.81 (4.53) 9.34 (4.95) 8.61 (4.51) 10.77 (4.94) 

p (compared to IC) 0.5432 0.0035 0.0015 <0.0001 - 

p (compared to CBC) 0.0003 0.0040 0.1589 - <0.0001 

5.5 years N  141 396 129 171 346 

Mean SDQ score (SD) 9.82 (5.39) 8.66 (5.40) 8.53 (5.52) 7.19 (4.45) 9.28 (4.99) 

p (compared to IC) 0.2999 0.1053 0.1578 <0.0001 - 

p (compared to CBC) <0.0001 0.0018 0.0263 - <0.0001 

8 years N  80 321 98 137 238 

Mean SDQ score (SD) 10.24 (4.82) 8.62 (5.30) 7.89 (5.44) 7.49 (4.82) 9.03 (5.08) 

p (compared to IC) 0.0705 0.351 0.0638 0.0052 . 

p (compared to CBC) 0.0002 0.0310 0.5581 - 0.0052 

 

CM = childminder; CBC = center-based childcare; IC = informal childcare 

CM < 1 YR: child-minder for less than 1 year; CM >= 1 YR: child-minder for at least 1 

year; CBC < 1 YR: center-based childcare for less than 1 year; CBC >= 1 YR: center-based 

childcare for at least 1 year; IC: informal childcare. 
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Table 3a: Association between childcare type (age 0-3 years) and children’s behavioral 

trajectories (age 3-8 years) in the French EDEN study. Bivariate analysis with multinomial 

logistic regression (Informal care, IC, as reference childcare OR in the left column and center-

based childcare, CBC, as reference in the right) - 95% Confidence Interval. 

 

Unadjusted  IC as reference CBC as reference 

Childcare type Trajectories OR 95% CI p OR 95% CI p 

CM Intermediate 0.81 0.62 - 1.04 0.1011 1.58 1.20 - 2.08 0.0012 

High 0.85 0.56 - 1.30 0.4528 1.92 1.17 - 3.16 0.0105 

CBC Intermediate 0.51 0.38 - 0.69 <0.0001 - - - 

High 0.44 0.26 - 0.76 0.0027 - - - 

IC Intermediate - - - 1.96 1.46 - 2.65 <0.0001 

High - - - 2.26 1.33 - 3.84 0.0027 

 

CM = childminder; CBC = center-based childcare; IC = informal childcare 

 

Table 3b: Association between time spent in childcare (age 0-3 years) and children’s 

behavioral trajectories (age 3-8 years) - low trajectory as reference- in the French EDEN 

study. Bivariate analysis using multinomial logistic regression (informal childcare as 

reference group in the left column and center-based childcare for at least 1 year as reference 

in the left column). OR- 95% Confidence Interval. 
 
 

Unadjusted  IC as reference CBC >= 1 YR as reference 

Time in childcare Trajectories OR 95% CI p OR 95% CI p 

CM < 1 YR (n=174) Intermediate 1.14 0.78 -1.66 0.5053 2.45 1.58 - 3.80 <0.0001 

High 1.24 0.69 - 2.23 0.4772 3.84 1.71 - 8.61 0.0011 

CM >= 1 YR (n=462) Intermediate 0.71 0.54 - 0.94 0.0167 1.53 1.06 - 2.19 0.0216 

High 0.75 0.47 - 1.19 0.2277 2.28 1.11 - 4.70 0.0247 

CBC < 1 YR (n=167) Intermediate 0.57 0.39 - 0.84 0.0043 1.23 0.78 - 1.92 0.3715 

High 0.61 0.32 - 1.17 0.1376 1.87 0.80 - 4.38 0.1518 

CBC >= 1 YR (n=200) Intermediate 0.46 0.32 - 0.67 <0.0001 - - - 

High 0.32 0.16 - 0.66 0.0022 - - - 

IC (n=425) Intermediate - - - 2.15 1.50 - 3.10 <0.0001 

High - - - 3.10 1.51 - 6.37 0.0021 

 
CM < 1 YR: childminder for less than 1 year; CM >= 1 YR: childminder for at least 1 year; CB < 1 YR: 

center-based childcare for less than 1 year; CB >= 1 YR: center-based childcare for at least 1 year; IC: 

informal childcare. 
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Table 4a: Association between childcare type (age 0-3 years) and children’s behavioral 

trajectories- low trajectory as reference- (age 3-8 years) in the French EDEN study. IPWs-

adjusted multinomial logistic regression
2
 (informal childcare- IC- as reference group in the 

left table and center-based childcare- CBC- as reference in the right column). OR- 95% 

Confidence Interval. 

Adjusted  IC as reference CBC as reference 

Childcare type Trajectories OR 95% CI p OR 95% CI p 

CM (n=636) Intermediate 0.84 0.59 - 1.19 0.3204 1.21 0.87 -1.70 0.2568 

High 1.52 0.89 - 2.61 0.1268 1.44 0.46 - 4.54 0.5011 

CBC (n=367) Intermediate 0.69 0.46 - 1.04 0.0756 - - - 

High 1.05 0.31 - 3.54 0.9294 - - - 

IC (n=425) Intermediate - - - 1.45 0.96 - 2.18 0.0756 

High - - - 0.95 0.28 - 3.20 0.9294  

 
CM = child-minder; CBC = center-based childcare; IC = informal childcare 

 

Table 4b: Association between time spent in childcare (age 0-3 years) and children’s 

behavioral trajectories (age 3-8 years) - low trajectory as reference - in the French EDEN 

study. IPW-adjusted multinomial logistic regression
3
 (using informal childcare as reference 

group in the left column and center-based childcare for at least one year in the right column). 

OR- 95% Confidence Interval. 
 

Adjusted  IC as reference CBC >= 1 YR as reference 

Time in childcare Trajectories OR 95% CI p OR 95% CI p 

CM < 1 YR (n=174) Intermediate 1.04 0.71 -1.53 0.8394 1.55 1.04-2.33 0.0328 

High 2.53 1.26 – 5.07 0.0098 5.96 2.93-12.15 <0.0001 

CM >= 1 YR (n=462) Intermediate 0.77 0.52 – 1.13 0.1871 1.15 0.76-1.73 0.4987 

High 1.20 0.62 – 2.32 0.5817 2.83 1.38-5.82 0.0046 

CBC < 1 YR (n=167) Intermediate 0.70 0.48– 1.04 0.0809 1.05 0.67-1.65 0.8223 

High 1.06 0.47 – 2.36 0.8911 2.49 1.07-2.16 0.0337 

CBC >= 1 YR 

(n=200) 

Intermediate 0.67 0.46 – 0.97 0.0330 - - - 

High 0.42 0.19– 0.93 0.0331 - - - 

IC (n=425) Intermediate - - - 1.49 1.03-2.16 0.0330 

High - - - 2.36 1.07-5.19 0.0331 

 

 
CM < 1 YR: child-minder for less than 1 year; CM >= 1 YR: child-minder for at least 1 year; CB < 1 YR: 

center-based childcare for less than 1 year; CB >= 1 YR: center-based childcare for at least 1 year; IC: 

informal childcare. 

 

                                                           
2,2 Control variables include among others: center of study, children’s characteristics (sex, prematurity, 

breastfeeding), parents’ education level, financial status, mothers’ psychological status, children’s 

activities with parents, parental childhood problems, and mothers’ substance abuse. 
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Table 5: Childcare type/time spent in childcare and children’s emotional and behavioral symptoms in 

the French EDEN study: stratified analyses
4
 by sex

5
; mother’s number of years of education; mother’s 

depression status and family’s financial difficulties status. Successive comparison to informal care 

(IC) and center-based care (CBC); OR of having a trajectory of high symptom levels - 95% CI. 

 

CHILDCARE IC as reference CBC as reference IC as reference CBC as reference 

TYPE OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p 

 GIRLS (N = 685) BOYS (N = 743) 

CM 0.54 0.35-0.82 0.0039 1.01 0.49-2.08 0.9718 1.59 1.03-2.46 0.0351 1.54 0.98-2.42 0.0583 

CBC 0.53 0.26-1.09 0.0828 - - - 1.03 0.60-1.70 0.9019 - - - 

IC - - - 1.89 0.91-3.92 0.0828 - - - 0.97 0.56-1.66 0.9019 

 

< BAC + 2 YEARS (N = 588) >= BAC + 2 YEARS (N = 840) 

CM 1.08 0.67-1.75 0.7505 1.38 0.56-3.40 0.4643 0.93 0.63-1.37 0.7057 1.21 0.83-1.76 0.3156 

CBC 0.78 0.29-2.15 0.6134 - - - 0.77 0.52-1.13 0.1744 - - - 

IC - - - 1.28 0.47-3.50 0.6134 - - - 1.31 0.89-1.92 0.1744 

 

NO DEPRESSION (N = 1085) DEPRESSION (N = 343) 

CM 0.89 0.64-1.24 0.5001 1.21 0.88-1.67 0.2353 1.1 0.47-2.60 0.8251 1.48 0.72-3.02 0.2851 

CBC 0.74 0.52-1.04 0.0787 - - - 0.74 0.31-1.80 0.5028 - - - 

IC 

   
1.36 0.96-1.92 0.0787 - - - 1.34 0.55-3.25 0.5028 

 

NO FINANCIAL DIFFICULTIES (N = 1159) FINANCIAL DIFFICULTIES (N = 269) 

CM 1.09 0.78-1.51 0.6134 1.65 1.16-2.36 0.0059 1.03 0.29-3.65 0.9585 0.52 0.18-1.47 0.2162 

CBC 0.66 0.44-0.98 0.0408 - - - 1.99 0.40-9.97 0.3759 - - - 

IC - - - 1.52 1.02-2.27 0.0408 - - - 0.5 0.10-2.52 0.3759 

             TIME 

SPENT IC as reference CBC>= 1 year as reference IC as reference 

CBC>= 1 year as 

reference 

 GIRLS BOYS 

CM < 1 YR 0.63 0.38-1.06 0.0847 1.86 1.08-3.18 0.0244 2.36 1.42-3.90 0.0009 2.33 1.34-4.06 0.0029 

CM >= 1 YR 0.42 0.25-0.72 0.0014 1.24 0.71-2.15 0.4468 1.44 0.89-2.35 0.1403 1.43 0.83-2.45 0.1953 

CBC < 1 YR 0.53 0.32-0.87 0.0128 1.55 0.88-2.73 0.1301 1.01 0.58-1.76 0.9645 

1-

00 0.54-1.87 0.9933 

CBC >= 1 YR 0.34 0.20-0.59 0.0001 - - - 1.01 0.63-1.62 0.9676 - - - 

IC - - - 2.93 1.71-5.04 0.0001 - - - 0.99 0.62-1.59 0.9676 

 

< BAC + 2 YEARS >= BAC + 2 YEARS 

CM < 1 YR 1.73 0.95-3.18 0.0750 2.34 1.22-4.48 0.0109 1.04 0.65-1.66 0.8693 1.81 1.10-2.98 0.0205 

CM >= 1 YR 0.89 0.50-1.58 0.6834 1.19 0.66-2.18 0.5619 0.81 0.51-1.29 0.3760 1.41 0.85-2.33 0.1803 

CBC < 1 YR 0.59 0.30-1.16 0.1232 0.79 0.41-1.55 0.4939 0.94 0.59-1.48 0.7745 1.62 0.95-2.76 0.0732 

CBC >= 1 YR 0.74 0.42-1.33 0.3143 - - - 0.58 0.36-0.93 0.0252 - - - 

IC - - - 1.35 0.75-2.41 0.3143 - - - 1.74 1.07-2.81 0.0252 

 

NO DEPRESSION DEPRESSION 

CM < 1 YR 1.12 0.74-1.68 0.5933 2-00 1.28-3.14 0.0025 1.45 0.52-4.08 0.4720 1.33 0.52-3.41 0.5579 

CM >= 1 YR 0.81 0.53-1.24 0.3320 1.45 0.94-2.24 0.0918 0.78 0.28-2.15 0.6269 0.71 0.29-1.74 0.4576 

CBC < 1 YR 0.77 0.52-1.13 0.1821 1.37 0.84-2.26 0.2060 0.47 0.16-1.37 0.1614 0.43 0.17-1.09 0.0760 

                                                           
4
 Control variables include among others: center of study, children’s characteristics (sex, prematurity, 

breastfeeding), parents’ education level, financial status, mothers’ psychological status, children’s 

activities with parents, parental childhood problems, and mothers’ substance abuse. 
5
 For each stratified analysis a model was constructed excluding the variable of stratification. For 

example, for analyses stratified by sex, one model was constructed for boys and one for girls, both 

containing the same control variables but did not contain the variable for sex. 
 



32 

 

CBC >= 1 YR 0.56 0.34-0.91 0.0214 - - - 1.10 0.37-3.25 0.8667 - - - 

IC - - - 1.79 1.09-2.94 0.0214 - - - 0.91 0.31-2.71 0.8667 

 

NO FINANCIAL DIFFICULTIES FINANCIAL DIFFICULTIES 

CM < 1 YR 1.42 0.94-2.16 0.0941 2.52 1.68-3.77 <0.0001 0.89 0.25-3.15 0.8490 0.48 0.11-2.02 0.3114 

CM >= 1 YR 0.86 0.58-1.27 0.4474 1.52 1.02-2.26 0.0393 1.20 0.32-4.45 0.7808 0.64 0.16-2.66 0.5410 

CBC < 1 YR 0.67 0.44-1.03 0.0665 1.18 0.76-1.85 0.4580 1.38 0.35-5.43 0.6348 0.74 0.17-1.67 0.6785 

CBC >= 1 YR 0.57 0.38-0.84 0.0051 - - - 1.86 0.60-5.81 0.2825 - - - 

IC - - - 1.77 1.19-2.63 0.0051 - - - 0.54 0.17-1.67 0.2825 

 

CM = childminder; CBC = center-based childcare; IC = informal childcare 

CM < 1 YR: child-minder for less than 1 year; CM >= 1 YR: child-minder for at least 1 year; CBC 

< 1 YR: center-based childcare for less than 1 year; CBC >= 1 YR: center-based childcare for at 

least 1 year; IC: informal childcare. 
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Supplementary Figure 1: Distribution of propensity scores associated with belonging to each of three 

childcare groups (1 = child-minder; 2 = center-based care; 3 = informal care) in the French EDEN 

study. 

 

  



34 

 

Supplementary Table 1: Childcare type and other covariates (ages 0 to 3 years) and 

children’s behavioral trajectories (ages 3.5-8 years) in the French EDEN mother-child cohort. 

Bivariate multinomial logistic regression analyses (informal care serving as the reference 

group). OR- 95% Confidence Interval. 

 

 

Variables Low (n = 721) Intermediate (n = 574) High (n = 133) 

 

OR 

 

OR 95% IC p OR 95% IC p 

Type of childcare 

        Informal care 1.00 ref 1.00 ref  1.00 ref  

Child-minder 1.00 ref 0.81 0.62-1.04 0.1011 0.85 0.56-1.30 0.4528 

Center-based care 1.00 ref 0.51 0.38-0.69 <0.0001 0.44 0.26-0.76 0.0027 

Child's characteristics 

        Center of birth: Poitiers with Nancy as reference 1.00 ref 1.24 1.00-1.55 0.0551 1.17 0.81-1.69 0.4125 

Gender: Male 1.00 ref 1.22 0.98-1.52 0.0735 2.34 1.58-3.46 <0.0001 

Maternal age at delivery (years) 1.00 ref 1.36 1.13-1.65 0.0015 1.74 1.26-2.40 0.0008 

Low birth weight: yes 1.00 ref 1.22 0.71-2.10 0.4678 2.68 1.35-5.32 0.0048 

Prematurity: yes 1.00 ref 1.23 0.75-2.02 0.4050 2.00 1.01-3.98 0.0470 

Duration of breastfeeding (months) 1.00 ref 1.46 1.20-1.77 0.0001 1.49 1.07-2.06 0.0168 

Only child at the time of birth 1.00 ref 1.29 1.02-1.64 0.0350 1.47 1.00-2.19 0.0524 

Age of entry in school (years) 1.00 ref 1.32 1.06-1.65 0.0133 1.24 0.86-1.80 0.2570 

Parents' employment status 

        Mother working at 24 weeks of pregnancy 1.00 ref 0.71 0.53-0.94 0.0178 0.49 0.32-0.75 0.0012 

Mother working at 4 months after birth 1.00 ref 1.01 0.80-1.27 0.9209 0.89 0.60-1.31 0.5458 

Mother working at 8 months after birth 1.00 ref 0.73 0.57-0.93 0.0114 0.54 0.37-0.81 0.0030 

Mother working at 12 months 1.00 ref 0.67 0.50-0.90 0.0077 0.38 0.25-0.58 <0.0001 

Mother working at 24 months 1.00 ref 0.70 0.52-0.95 0.0213 0.48 0.31-0.76 0.0015 

Father working at 24 weeks of pregnancy 1.00 ref 1.26 0.65-1.61 0.9037 1.39 0.34-1.22 0.1805 

Father working at 12 months 1.00 ref 0.57 0.37-0.88 0.0114 0.57 0.29-1.11 0.1008 

Father working at 24 months 1.00 ref 0.66 0.44-1.00 0.0513 0.56 0.30-1.06 0.0757 

Single parent status 

        At 24 weeks of pregnancy 1.00 ref 1.52 1.01-2.27 0.0427 1.78 0.97-3.29 0.0641 

At 4 months after birth 1.00 ref 1.40 0.74-2.62 0.3002 1.44 0.53-3.91 0.4798 

At 8 months after birth 1.00 ref 1.45 0.80-2.64 0.2181 1.58 0.62-3.98 0.3365 

At 12 months after birth 1.00 ref 1.14 0.62-2.11 0.6730 0.98 0.33-2.89 0.9718 

At 24 months after birth 1.00 ref 1.12 0.64-1.95 0.6976 1.65 0.74-3.68 0.2199 

Parents' education level ¶ 

        Mother with higher education 1.00 ref 0.54 0.43-0.67 <0.0001 0.47 0.32-0.68 <0.0001 

Father with higher education 1.00 ref 0.60 0.49-0.74 <0.0001 0.49 0.33-0.72 0.0002 

Financial difficulties 

        Low family income (< 1500 E) during pregnancy 1.00 ref 1.68 0.98-2.88 0.0599 2.40 1.10-5.23 0.0274 

>=1 financial difficulty during pregnancy 1.00 ref 1.42 1.14-1.76 0.0020 1.91 1.31-2.79 0.0008 

Low family income (< 1500 E) during 1st year 1.00 ref 1.83 1.43-2.35 <0.0001 2.45 1.66-3.62 <0.0001 

>=1 financial difficulty felt in 1st year 1.00 ref 1.58 1.14-2.19 0.0057 2.40 1.50-3.84 0.0003 

Low family income (< 1500 E) during 2nd year 1.00 ref 1.41 1.13-1.76 0.0027 2.60 1.72-3.93 <0.0001 
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>=1 financial difficulty during 2nd year 1.00 ref 1.55 1.10-2.19 0.0131 2.96 1.84-4.75 <0.0001 

Substance use  

        Maternal cannabis use prior to pregnancy 1.00 ref 1.16 0.72-1.89 0.5411 1.81 0.91-3.61 0.0918 

Maternal tobacco use prior to pregnancy 1.00 ref 1.13 1.05-1.67 0.0194 1.22 0.99-2.15 0.0550 

Maternal tobacco use during pregnancy 1.00 ref 1.59 1.22-2.07 0.0005 1.65 1.08-2.52 0.0205 

Maternal alcohol use during pregnancy 1.00 ref 1.03 0.80-1.32 0.8220 1.01 0.66-1.53 0.9731 

Paternal alcohol problem 1.00 ref 1.78 1.08-2.93 0.0242 1.94 0.91-4.17 0.0871 

Parents' childhood problems 

        Maternal childhood adversity 1.00 ref 1.43 1.12-1.83 0.0048 1.92 1.30-2.84 0.0011 

Maternal childhood speech delay 1.00 ref 1.78 1.31-2.43 0.0003 2.57 1.63-4.05 <0.0001 

Maternal childhood behavior problems 1.00 ref 1.12 0.69-1.81 0.6400 3.02 1.67-5.45 0.0002 

Paternal childhood behavior problems 1.00 ref 1.57 1.07-2.32 0.0219 2.69 1.62-4.49 0.0001 

Paternal childhood speech delay 1.00 ref 1.56 1.22-1.99 0.0004 2.07 1.40-3.05 0.0003 

Child's activities with the parents 

        Mostly the mother: 4 and 8 months 1.00 ref 1.19 0.93-1.53 0.1690 0.77 0.49-1.23 0.2731 

Mother > 5 days/week : at 12 months 1.00 ref 0.72 0.56-0.92 0.0078 0.94 0.62-1.40 0.7462 

Father > 5 days/week : at 12 months 1.00 ref 0.67 0.51-0.89 0.0050 0.84 0.53-1.33 0.4531 

Mother > 5 days/week : at 24 months 1.00 ref 0.65 0.41-1.03 0.0646 0.76 0.37-1.55 0.4466 

Father > 5 days/week : at 24 months 1.00 ref 0.80 0.62-1.05 0.1035 0.88 0.57-1.37 0.5749 

Mother's psychological status 

        Depression during pregnancy (CESD) ¥ 1.00 ref 1.36 0.89-2.07 0.1576 2.15 1.17-3.94 0.0133 

Depression at 4 months (EPDS) § 1.00 ref 1.37 0.88-2.12 0.1639 3.14 1.60-6.20 0.0013 

Depression at 8 months (EPDS) § 1.00 ref 1.84 1.22-2.78 0.0041 3.77 2.02-7.05 <0.0001 

Depression at 12 months (EPDS) § 1.00 ref 1.67 1.14-2.43 0.0084 2.28 1.34-3.88 0.0025 

Psychological help during pregnancy  1.00 ref 1.03 0.74-1.42 0.8846 1.23 0.73-2.07 0.4469 

Psychological help at 4 months  1.00 ref 1.13 0.70-1.83 0.6069 1.92 0.99-3.71 0.0521 

Psychological help at 8 months  1.00 ref 0.93 0.60-1.45 0.7581 1.53 0.82-2.87 0.1776 

Psychological help at 12 months  1.00 ref 1.27 0.85-1.92 0.2464 2.21 1.26-3.88 0.0059 

Psychological help at 24 months  1.00 ref 1.00 0.69-1.44 0.9954 1.41 0.81-2.44 0.2252 

History of mental health problems 1.00 ref 1.43 1.03-1.98 0.0338 2.71 1.72-4.27 <0.0001 

Absence of social support  1.00 ref 0.86 0.67-1.10 0.2263 0.77 0.51-1.14 0.1907 

 

¶ BAC or Baccalauréat in France is equivalent to Higher School Certificate- or Matura in other European countries 

¥ CES-D: Center of Epidemiological Studies Depression scale (depression = CESD score >= 23) 

§ EPDS: Edinburg Postnatal Depression Scale (depression = EPDS score >=13) 

ref = reference  

 

 

 

Supplementary Table 2: Key confounders after Inverse Probability Weights are applied.  

Variables 

Child-

minder 

Center-based 

childcare 

Informal 

childcare p 

Center of birth  

   

0.0114 
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Nancy 49.1 55.7 48.4 

 Poitiers 50.9 44.3 51.6 

 Gender  

   

0.7215 

Female 47.9 48.2 48.3 

 Male 52.1 51.8 51.7 

 Prematurity 4.4 6.0 3.9 0.2050 

Mother working at 24 weeks of pregnancy 85.8 80.1 83.5 0.0126 

Mother working 4 months after birth 47.0 40.0 47.4 <0.0001 

Mother working 8 months after birth 72.4 63.2 67.2 0.0775 

Mother working at 12 months 89.4 79.9 83.6 <0.0001 

Father working at 24 weeks of pregnancy 94.2 93.3 90.8 <0.0001 

Mother with higher education 61 56.7 58.8 0.0568 

Father with higher education 49 44.5 49.7 0.4023 

>= financial difficulty during pregnancy 51.5 56 55.9 <0.0001 

>= financial difficulty felt in 1st year 29.2 32.8 37.4 <0.0001 

>= financial difficulty during 2nd year 55.1 57.9 57.1 0.0686 

Maternal tobacco use during pregnancy 25.6 19.9 26.8 0.0998 

Maternal childhood adversity 25.2 32.7 30.0 <0.0001 

Paternal childhood behavior problems 11.7 11.6 11.0 0.3178 

Paternal childhood speech delay 26.6 35.0 28.3 0.0688 

Depression during pregnancy (CESD) ¥ 7.7 6.6 7.8 0.7475 

Depression at 12 months (EPDS) § 8.5 13.4 9.7 0.1264 

Psychological help at 24 months  14.2 11.9 13.6 0.5060 

Absence of social support  25.2 30.7 27.1 0.0839 

 


