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The Role of Maternal Education and Nonmaternal
Care Services in the Prevention of Children’s
Physical Aggression Problems
Sylvana M. Côté, PhD; Michel Boivin, PhD; Daniel S. Nagin, PhD; Christa Japel, PhD; Qian Xu, MSc;
Mark Zoccolillo, MD; Marianne Junger, PhD; Richard E. Tremblay, PhD

Context: Physical violence is an important health problem, and low maternal education is a significant risk for
the development of chronic physical aggression (PA). We
hypothesized that nonmaternal care (NMC) services could
prevent the development of childhood PA problems, depending on the age at which the services are initiated.

nificantly lower risk of a high PA trajectory. Results from
logistic regressions indicated that NMC reduced the risk
of high PA, especially when initiated before age 9 months
(odds ratio, 0.20; 95% confidence interval, 0.05-0.90).
Children of mothers who graduated from high school were
less at risk of PA problems, and NMC had no additional
protective effect.

Method: Children who followed a trajectory of atypi-

cally frequent PA between 17 and 60 months of age among
a population sample of 1691 Canadian families were identified. Maternal education and NMC were considered in
predicting group membership while controlling for confounding family characteristics.
Results: Children of mothers with low education levels (ie, no high school diploma) were less likely to receive NMC. Those who did receive such care had sig-
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Conclusions: Nonmaternal care services to children of
mothers with low levels of education could substantially reduce their risk of chronic PA, especially if provided soon after birth. Because children most likely to
benefit from NMC services are less likely to receive them,
special measures encouraging the use of NMC services
among high-risk families are needed.
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IGH FREQUENCY OF PHYSI-

cal aggression (PA) is the
central feature of severe
conduct disorder1 and is
associated with a wide
range of social, mental, and physical health
problems.2-4 The origin of PA problems can
be traced back to early childhood, and
studies have specifically shown that maternal characteristics, especially low levels of education, are among the best predictors of high PA from early childhood
to adolescence.5-9
Cross-fostering animal studies show
that the negative consequences of poor maternal care can be prevented by providing high-quality surrogate mothering. 10-13 Similarly, in humans, a few
experimental studies offering nonmaternal care (NMC) services to young children from high-risk families provide evidence for their protective role. 1 4 , 1 5
However, it is not clear that the effects of
such experimental programs, designed to
be of the highest quality, are comparable
to the effects of NMC services at the population level, which typically are of lower
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quality.16 Nonmaternal care services are
provided by a person chosen to care for a
child, usually during the day when the
mother is working. Nonmaternal care includes various types of day care arrangements (family- or center-based) used regularly during the preschool years.
The objective of the present study was
to test, with a representative sample of a
population, whether NMC services could
prevent the development of childhood PA
problems and whether the magnitude of the
effect varied according to the age at which
the child began to receive NMC services.
Most children in present-day industrialized societies receive NMC services during the preschool years.17,18 Children of
mothers with low levels of education, however, are less likely to receive NMC because their mother is less likely to be working.18,19 Children of mothers with low levels
of education are also more likely to be exposed to a wide range of risks in their
home, such as poor parenting,20,21 low levels of stimulation,20 and poverty.22 Thus,
children of poorly educated mothers (compared with children of better-educated
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Table 1. Demographic Characteristics of the Sample

Characteristic
Sex
Female
Male
Maternal age (birth of target child), y
⬍21
⬎21
Maternal education
High school diploma
No high school diploma
Family status
Intact (married or common-law union)
Separated, divorced, widowed
Always single
Family annual income, $
⬍30 000
30 000-60 000
⬎60 000
Timing of NMC
Never in NMC (before school entry)
Initiated before age 9 mo
Initiated at or after 9 mo

No. (%)
of 1691 Subjects
844 (49.9)
847 (50.1)
1497 (88.5)
194 (11.5)
1395 (82.5)
296 (17.5)
1551 (91.7)
65 (3.8)
75 (4.4)

from them, then NMC services at the population level
will not reduce the disparities in PA problems between
children of low- and better-educated mothers.30
In the present study, we used a population sample of
newborns to test the hypothesis that: (1) young children of mothers with low levels of education (no high
school diploma) benefit more from receiving NMC services than do children of better-educated mothers and
(2) the protective effects are greater if NMC is initiated
before rather than at or after 9 months of age. Maternal
education was used as a proxy variable for children’s risk
status because it is the most robust and reliably measured predictor of PA across studies5-9,25 and because it
has practical value in the context of service delivery.
METHODS

543 (32.1)
674 (39.9)
474 (28.0)
111 (6.6)
234 (13.8)
1346 (79.6)

Abbreviation: NMC, nonmaternal care.

mothers) may be exposed to higher risks of PA because
they are more likely to spend time in the context of an
at-risk home environment.
Therefore, at the most basic level, NMC may be protective because it provides a reduction in exposure to family risks. Within this context, the protective effect should
be more pronounced if NMC experiences are initiated
earlier in the child’s life. Earlier initiation of NMC would
not only lead to a greater reduction of exposure to family risk but would do so at younger ages, when the brain
and behavior repertoire are more malleable.23 A recent
study found that NMC services during the first year of
life were related to better receptive language at 4 years
among children of low socioeconomic status.24 However, to our knowledge, no study has examined the extent to which the timing of NMC initiation (earlier vs later)
is related to the long-term development of PA among highrisk children.
To adequately examine the role of NMC in a population-based sample, 2 important issues need to be considered. First, the association between NMC and PA may
vary according to children’s family risk status. Family risks
for PA include low maternal education, low income, parental psychiatric disorders, and poor parenting practices.5-9,25 While NMC may be associated with better outcomes among the high-risk children,14,19,26,27 it may be
associated with poorer outcomes among children who
are not from high-risk families,25,28 especially if it is initiated in infancy.29 Indeed, for children who are not from
high-risk families, their NMC may be of a lower quality
than the care they would receive at home.
Second, the “social selection” of children into NMC
can confound the association between NMC and PA problems. If children of less educated mothers are less likely
to receive NMC services19 but are more likely to benefit

SUBJECTS
A sample of 1759 infants representative of children born in the
province of Québec (Canada) from 1997 through 1998 were
selected through birth registries and followed up annually from
5 to 60 months of age. Yearly home interviews were conducted with the mothers to obtain information about family,
parent, and child characteristics and behaviors. Informed written consent was obtained from all participants. Approval of the
study was obtained by the Québec Institute of Statistics’ institutional review board. Multivariate analyses were conducted
on the 1691 children (96.1%) for whom complete data were
available. All analyses were weighted to ensure the representativeness of the sample. Table 1 describes the demographic
characteristics of the sample.

MEASURES
The main outcome variable evaluated was children’s PA at 17,
30, 42, 54, and 60 months. Mothers were asked to rate their
child on a frequency scale indicating whether the child never
(coded as 0), sometimes (coded as 1), or often (coded as 2) exhibits PA. The following items were included in the PA scale:
hits, bites, kicks; fights; and bullies others. Scores ranged from
0 to 6. These items were also used in previous studies.5,8,19 The
internal consistency of mothers’ PA ratings was assessed over
time (17-60 months) (␣=0.83) because the outcome measure
included all 5 assessments of PA.

PREDICTOR VARIABLES
Coding is indicated in parentheses for each categorical variable. The NMC variable distinguished among children who initiated NMC at different time points between 3 and 31 months
of age. Age cutoffs were established with reference to the age
of the children at the different data collection points: before 9
months of age for time 1 (age range, 3-8 months), before 20
months for time 2 (age range, 16-19 months), and before 32
months for time 3 (age range, 27-31 months). Most children
received NMC in family day care settings outside the home,
either by nonrelatives (40.7%) or relatives (30.9%). Fifteen percent received NMC in center-based settings. The remaining
(13.6%) received NMC in various other settings. We computed a variable for the mean number of hours in NMC that
reflected the mean number of hours in NMC services across
the entire preschool period.
Maternal education was treated as a dummy variable indicating if the mother had a high school diploma (0) or not (1).
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POTENTIAL CONFOUNDING FACTORS
(SOCIAL SELECTION FACTORS)
Four categories of variables were examined as potential confounds. Associations between the predictor variables and the
outcome were examined and some variables were categorized
to reflect the best risk cutoff.

Mothers completed a questionnaire on parenting perceptions and behaviors.36 Mothers answered using a scale of 0 (“not
at all what I think or did”) to 10 (“exactly what I think or did”).
The following 4 dimensions reflected the quality of mothers’
interactions with their 5-month-old infant: self-efficacy, parental impact, coercive parenting, and overprotection. Internal consistency coefficients (␣) were 0.70, 0.69, 0.62, and 0.58,
respectively.

Maternal Characteristics and Maternal Behavior
Age of the mother was treated as a dummy variable reflecting 21
years or younger at the birth of the target child (0) or older than
21 years (1). Becoming a mother before age 21 years was shown
to be a valid indicator of risk in the Quebec population.9
Maternal antisocial behaviors before the end of high school
were assessed via a questionnaire to the mothers, inquiring
whether they had exhibited 5 conduct problems (eg, having
been in more than 1 fight that they started or had stolen more
than once).31 The number of symptom counts was used in the
analyses.
Maternal depression was assessed through a lifetime depression section modified from the Diagnostic Interview Schedule.32,33 Mothers who reported having had at least 1 major depressive episode during their lifetime (1) were distinguished
from those who did not (0). The maximum number of drinks
in 1 occasion (at first assessment) was also examined as a potential confound. Finally, maternal work reflected whether the
mother was working or studying (0) or not (1) at first assessment.

Child Characteristics
The sex of the child was coded as 0 for girls and 1 for boys. Child
temperament was rated by the mother using 7 items from the difficult temperament scale of the Infant Characteristics Questionnaire.34 Each item (for example, how often the child was difficult to calm or soothe or was fussy and if the child was easily upset)
ranged from 1 to 7. Internal consistency coefficient (␣) was 0.84.
The child’s race was coded as white (0) or other (1). Information
on the birth of the child was obtained from hospital records and
coded as preterm (1) if the child was born before the 37th week
of gestation or on time (0) if the child was born at or after 37 weeks’
gestation. Low birth-weight was coded as yes (1) if the infant
weighed 2500 g or less or no (0) if the infant weighed more than
2500 g. Information on the health of the child was obtained
through a question to the mother inquiring whether her child’s
health at birth was good (0) or poor (1).

Family Demographics 5 Months After Birth
Insufficient household income was calculated using Statistics
Canada on the basis of the family annual income, the number
of people in the household, and the family zone of residence
(urban vs rural based on population density). Income was coded
as sufficient (0) or not sufficient (1). Family situation was coded
according to whether the parents were married or living together (0); separated, divorced, or widowed (1); or the mother
has always been single (2). Number of children in the family was
coded according to the presence (1) or absence (0) of siblings.

Family Processes 5 Months After Birth
Family functioning was assessed with an 8-item scale measuring how well the family functioned (eg, there are lots of bad
feelings in our family; ␣ = 0.97),35 with higher values indicative of dysfunction in the family.

ANALYSES
The analyses were conducted in 3 steps: identification of an atypically elevated trajectory of PA, identification of variables that
could potentially confound the association between NMC and
PA, and testing the modifying role of NMC.

IDENTIFYING AN ATYPICALLY ELEVATED
TRAJECTORY OF PA
Following previous studies,5,8,19 distinctive clusters of developmental trajectories were identified using a semiparametric
mixture model described by Broidy et al37 and Nagin.38 The
model selection was based on the Bayesian information criterion. Models with 1 to 6 groups were estimated. The model that
minimized the Bayesian information criterion was chosen. The
procedure yields 2 outcomes: (1) the probability of membership in the high PA trajectory, which is a continuous measure,
ranging from 0 to 1 and (2) actual membership in the high PA
trajectory, derived from assignment to the high PA trajectory
(coded as 1) or to another trajectory (coded as 0).

IDENTIFYING CONFOUNDING FACTORS
We tested the bivariate associations between several family and
child risk variables and (1) age at initiation of NMC and (2)
the probability of membership in the high PA trajectory and
controlled for the variables associated with both NMC and PA.

TESTING THE MODIFYING ROLE OF NMC
Multiple regression analyses were conducted with the probability of belonging to a high trajectory of PA as the outcome.
The predictors were entered in a stepwise fashion in the following order: (1) the identified confounder variables, (2) the
main effect of maternal education and NMC, and (3) the interaction between timing of NMC and maternal education. Different cutoffs were considered with regard to the timing of the
NMC variable. The same model was tested using logistic regression with membership in the high PA trajectory as the outcome.
RESULTS

IDENTIFYING AN ATYPICALLY ELEVATED
TRAJECTORY OF PA
The best trajectory model comprised 3 groups. Seventeen percent of children were estimated to belong to the
high PA trajectory group. These children were atypical
in that they represented a small group of children with
clearly higher levels of PA during early childhood (between 17 and 60 months). Figure 1 illustrates the trajectory model.
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Figure 1. Trajectories of physical aggression between age 17 and 60 months
(n = 1758).

IDENTIFYING CONFOUNDING FACTORS
Among the factors for which we tested the associations
between NMC and the high PA trajectory, 5 variables were
found to be significantly associated with both NMC and
PA: the presence of siblings, insufficient income, maternal depression, maternal work, and family status. These
variables were used as controls in the analyses. Table 2
presents the associations among NMC, the high PA trajectory, and the potential confounding variables.
THE MODIFYING ROLE OF NMC
Table 3 presents the results of the multiple regression

analysis that examined the association among NMC, maternal education, and PA. Entering the confounding variables in step 1 revealed significant associations for all variables. Step 2 revealed a significant main effect of maternal
education but not of NMC. Step 3 revealed a significant
interaction between timing of NMC, as defined by the
cutoff of 9 months, and maternal education. Figure 2
illustrates the interaction. All subsequent analyses used
the “before 9 months” vs “at or after 9 months” cutoff.
Follow-up analyses were conducted to test the differences between the interaction groups. Cohen’s d effect sizes
were calculated according to the following equation39:
d=(XNMC −XMC)/S pooled,
where

0.40). The effect size was large for NMC initiated before
9 months (d=−0.62; SD, 0.24; 95% confidence interval
[CI], −1.09 to −0.16) and moderate for NMC initiated at
or after 9 months (d=−0.37; SD, 0.18; 95% CI, −0.73 to
−0.02). Second, children of mothers who graduated from
high school were not at higher risk for PA if they received NMC, whether it was initiated before 9 months
(n=196; mean, 0.18; SD, 0.30) or at or after 9 months
(n=1125; mean, 0.17; SD, 0.31) compared with those who
never received NMC (n=75; mean, 0.15; SD, 0.30).
We tested the same model using logistic regression and
membership in the high trajectory of PA (compared with
any of the other 2 trajectory groups) as the outcome. We
obtained the same pattern of results. Children of mothers with low education levels who received NMC before
9 months were less likely to belong to the high PA trajectory (odds ratio [OR], 0.20; 95% CI, 0.05-0.90) compared with children who never received NMC. Children
of mothers with low education levels who received NMC
at or after 9 months were also less likely to belong to the
high PA trajectory than those who never received NMC
(OR, 0.36; 95% CI, 0.13-1.04), but the effect was only
marginally significant (P=.06).
ADDITIONAL ANALYSES AND RESULTS
We conducted additional analyses to examine whether
the amount of time spent in NMC could account for the
pattern of findings. Introducing a variable reflecting the
mean number of hours in NMC did not modify the pattern of results. The variable is not included in the final
model (Table 3), because it was not significantly associated with the outcome (β=.05, SD, 1.85; P=.07). We also
conducted additional analyses to examine whether the
children of the high PA trajectory group who benefited
from early NMC were deflected to the medium or the low
PA trajectory group. To do so, we tested the same model
comparing different trajectory groups. We found the same
interaction effect for the model comparing membership
in the high vs medium trajectory, but not in the model
opposing the high vs low trajectory groups. This result
indicates that children of the high trajectory group benefiting from early NMC were deflected to the medium
trajectory (and not the low trajectory) group. Finally, we
tested all the 3-way interactions among the predictors
using a backward regression procedure. None of the 3-way
interactions were significant.

S pooled =
√{[(nNMC−1)(sNMC2) + (nMC−1)(sMC2)]/(nNMC + nMC−2)}.

(S is the pooled standard deviations of the maternal care
(MC) and NMC groups; x, mean; n, number of subjects;
and s, standard deviation of each group.) Negative ds reflect that NMC is associated with a lower probability of high
PA.
These analyses revealed 3 main findings. First, children of mothers with low levels of education were at significantly lower risk of high PA if they received NMC before 9 months (n = 39; mean, 0.14; SD, 0.31) or after 9
months (n=221; mean, 0.23; SD, 0.36) compared with
those who never received NMC (n = 36; mean, 0.36; SD,

COMMENT

The objectives of the study were to test, at the population level, whether NMC services can prevent early childhood PA problems and whether the protective role is a
function of the age at which NMC services are initiated.
We found, using multiple regression, that NMC reduced the risk of following an atypically elevated trajectory of PA among children of mothers with low education levels. The effect size was large if NMC was initiated
before 9 months (d=−0.62) and moderate if initiated at
or after 9 months (d=−0.37). Nonmaternal care was not
associated with an increase in the risk of PA among children of better-educated mothers even if it was initiated
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Table 2. Bivariate Associations Between Potential Confounders, PA, and Timing of NMC
Timing of NMC b,c
Probability
of High PA
Trajectory a
Sex b
Females
Males
Ethnicity (n = 1677)
Nonwhite
White
Child health at birth
Poor
Good
Premature birth
Yes
No
Low birth weight
Yes
No
Maternal education
No high school diploma
High school diploma
Age at childbearing, y
ⱕ21
⬎21
Maternal depression
Yes
No
Maternal work before 9 mo
Yes
No
Presence of siblings
Yes
No
Insufficient income
No
Yes
Family status b
Always single
Separated, divorced, widowed
Married or common-law union
Maternal conduct problems (n=1639) d
Maternal alcohol consumption e
Difficult temperament
Age at which infant stopped breastfeeding, mo
Family dysfunction (n=1678)
Coercive parenting (n=1636)
Parental self-efficacy (n=1634)
Perception of parental impact (n=1646)
Parental overprotection (n=1652)

P
Value

Never
(n = 111)

After 9 mo
(n = 1346)

0.13 (0.27)
0.23 (0.36)

⬍ .001

55 (49.5)
56 (50.5)

674 (50.1)
672 (49.9)

115 (49.1)
119 (50.9)

.96

0.18 (0.32)
0.18 (0.32)

.73

33 (30.0)
77 (70.0)

422 (31.4)
915 (68.0)

76 (32.5)
154 (65.8)

.84

0.38 (0.45)
0.18 (0.32)

⬍ .05

0
111 (100.0)

9 (0.7)
1336 (99.3)

1 (0.4)
234 (100.0)

.58

0.18 (0.34)
0.18 (0.32)

.96

8 (7.2)
103 (92.8)

78 (5.8)
1268 (94.2)

17 (7.3)
217 (92.7)

.60

0.15 (0.27)
0.17 (0.31)

.49

7 (6.3)
106 (95.5)

14 (1.0)
1344 (96.5)

49 (20.9)
227 (16.9)

⬍.05

0.23 (0.36)
0.17 (0.31)

⬍ .05

36 (32.4)
75 (67.6)

221 (16.4)
1124 (83.5)

39 (16.7)
196 (83.8)

⬍.001

0.17 (0.31)
0.18 (0.32)

.47

9 (8.1)
102 (91.9)

146 (10.8)
1200 (89.2)

39 (16.7)
195 (83.3)

⬍.05

0.23 (0.35)
0.17 (0.31)

⬍ .001

34 (30.6)
77 (69.4)

296 (22.0)
1050 (78.0)

42 (17.9)
192 (82.1)

⬍.05

0.16 (0.30)
0.23 (0.35)

⬍ .001

28 (25.2)
83 (74.8)

952 (70.7)
394 (29.3)

230 (98.3)
4 (1.7)

⬍.001

0.25 (0.36)
0.09 (0.23)

⬍ .001

88 (79.3)
23 (20.7)

759 (56.4)
587 (43.6)

125 (53.4)
109 (46.6)

⬍.001

0.16 (0.30)
0.22 (0.35)

⬍ .001

56 (50.5)
55 (49.5)

1006 (74.7)
340 (25.3)

181 (77.4)
53 (22.6)

⬍.001

11 (9.9)
4 (3.6)
96 (86.5)
0.72 (0.78) a
0.79 (2.10) a
2.53 (1.55) a
4.33 (5.39) a
1.93 (1.41) a
1.07 (1.37) a
8.93 (1.26) a
7.82 (2.49) a
6.05 (2.33) a

49 (3.6)
55 (4.1)
1242 (92.3)
0.84 (0.95) a
0.93 (2.76) a
2.75 (1.65) a
4.12 (4.74) a
1.76 (1.45) a
1.08 (1.47) a
8.75 (1.14) a
8.25 (1.99) a
5.53 (2.43) a

15 (6.4)
6 (2.6)
213 (91.0)
0.77 (0.97) a
1.33 (2.83) a
2.58 (1.47) a
3.05 (4.06) a
1.63 (1.51) a
1.11 (1.50) a
8.77 (1.11) a
8.62 (1.68) a
4.74 (2.27) a

0.10 (0.23)
0.23 (0.37)
0.18 (0.32)
0.09
0.08
0.03
−0.04
0.10
0.04
−0.09
−0.01
−0.04

⬍ .05
⬍ .001
⬍ .001
.10
.10
⬍ .001
.08
⬍ .001
.77
.16

At or Before 9 mo
(n = 234)

P
Value

⬍.05
.26
.08
.16
⬍.05
.19
.95
.35
⬍.05
⬍.001

Abbreviations: NMC, nonmaternal care; PA, physical aggression.
a Data are presented as mean (SD) and r.
b N = 1691 unless otherwise indicated.
c Data are presented as number (percentage) unless otherwise indicated.
d Before the end of high school.
e Maximum number of drinks in one occasion at time 1 (5 mo).

before age 9 months. The same pattern of results emerged
with logistic regression, indicating a protective effect of
NMC, especially when initiated before age 9 months (OR,
0.20; 95% CI, 0.05-0.90).
The protective effect of NMC is consistent with the results of experimental studies showing long-term reduction of poor outcomes in children of mothers with low education levels who received high-quality child care services

during the preschool years.14,26 One of these experimental
studies26 did show an impressive reduction in antisocial behavior during adolescence and early adulthood, but did not
document the effects on early development of aggression,
as in the present study. The results are also in line with previous correlational studies showing a protective effect for
children from high-risk families,21,28 as well as with adoption studies showing that cross-fostering of high-risk chil-
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Table 3. Stepwise Multiple Regression Predicting Physical Aggression With Maternal Education and NMC
Model 1
B
Step 1: Control variables (R aj2 = 0.077)
Presence of siblings
Maternal depression
Insufficient income
Family status c
Step 2: Main effects (R aj2 = 0. 080)
Low maternal education
NMC before 9 mo d
NMC at or after 9 mo
Step 3: Interaction (R aj2 = 0.083)
NMC before 9 mo ⫻ low maternal education
NMC at or after 9 mo ⫻ low maternal education

0.158 a
0.059 a
0.062 a
0.057

Model 2

Model 3

SE (B)

␤

B

SE (B)

␤

B

SE (B)

␤

0.015
0.018
0.018
0.029

0.246
0.076
0.086
0.050

0.158 a
0.059 a
0.052 b
0.067 b

0.015
0.018
0.019
0.030

0.246
0.077
0.073
0.058

0.158 a
0.056 b
0.053 b
0.069 b

0.015
0.018
0.019
0.030

0.245
0.073
0.073
0.059

0.048
0.016
0.016

0.021
0.036
0.031

0.057
0.018
0.020

0.187 b
0.070
0.062

0.063
0.042
0.037

0.223
0.077
0.078

−0.198 b
−0.147 b

0.082
0.066

−0.093
−0.155

Probability of High Physical Aggression Trajectory

Abbreviations: B, standardized beta coefficient; ␤, unstandardized beta coefficient; NMC, nonmaternal care; R aj2 , how much variation is being explained by the
predictor variables.
a P ⬍ .001.
b P ⬍ .05.
c Coded as 0 (married or common-law union) or 1 (separated or always single).
d Coded as 0 (never in NMC), 1 (NMC before age 9 mo), or 2 (NMC at or after 9 mo).
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Figure 2. Interaction between maternal education and timing of nonmaternal
care (NMC) initiation in predicting the high physical aggression trajectory
(n = 1691).

dren (low socioeconomic status) to low-risk families (high
socioeconomic status) can have beneficial effects on cognitive functioning40 and criminality.41 However, to our
knowledge, the present study is the first to use a representative sample of the population and show that NMC services initiated early in life and widely available to communities have a substantial protective effect on the long-term
development of PA problems.
The study also replicates previous findings showing
that family characteristics are generally stronger determinants of PA problems than NMC.5,8,19 However, we
show that NMC can make an important difference in the
lives of children of mothers with low levels of education. Because these children were less likely than children of better-educated mothers to receive NMC services, special attention needs to be paid to the provision
of NMC services to those most in need.
The differences associated with the timing of NMC
services is an important finding. For children of moth-

ers with low education levels who received NMC, the
benefits were more important if NMC services began
before age 9 months. Indeed, results from both logistic
regression (OR) and multiple regression (d) analyses
concur in showing that early NMC may almost double
the beneficial effects. At least 2 hypotheses may explain
the positive impact. First, children of mothers with low
education levels who receive early NMC are likely to
have reduced exposure to family risks (correlated with
low education) at an important developmental period.
Such reduced exposure may in itself be protective. Second, children in a high-risk family environment who
receive early NMC may be exposed to care and early
learning experiences that are of superior quality than
those received at home. It is important to note, however,
that mothers with low education are a heterogeneous
group. Future studies should aim at identifying children
of mothers with low levels of education who may benefit
more than others from NMC services. Randomized controlled trials would be the best approach to this problem
and would shed light on the processes through which
early NMC is protective.14,42 The proximal mechanism
may be related to the provision of positive social interactions with same-age peers at a time when PA is on a steep
rise,43,44 but it may also be because of the general quality
of adult care, including cognitive stimulation and language development.45,46
The present study has a number of strengths: (1) a large
sample size representative of a population in which risk factors for PA problems resemble those of most previous studies,8,19,47 (2) annual assessments from early infancy to school
entry, and (3) reliable and valid assessments of both child
and family characteristics. However, some limitations should
be noted.
First, caution is required in generalizing the findings
to populations in which frequency of use of NMC differs substantially and where the quality of NMC services may be lower. The mean quality of NMC services
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in the population of the present study is similar to that
of several other industrialized countries (ie, United States,
Germany, Portugal, and Spain).30,48
Second, the yearly data collections did not allow us to
obtain more precise information about the timing of initiation of NMC. Experimental studies testing the differential impact of NMC initiated at different ages are needed
to study more precisely the effect of timing of NMC.
Third, although we examined the potentially confounding effects of a wide range of factors and were careful in controlling for confounding factors, the study remains correlational and thus limits our capacity to make
causal inferences. For instance, some uncontrolled adversities faced by mothers with low education who were
not working (such as in cases of severe substance abuse
and domestic violence) may be related to the pattern of
findings.49 However, it must be kept in mind that the results are in line with those of experimental studies, and
extend these by giving a population perspective.
Fourth, we relied on mothers for assessments of child
and family characteristics. The time line covered by the
present study (5-60 months), in combination with the
type of sample (large and representative), makes it difficult to rely on other sources of information than parents. Reliance on day care staff would also be problematic because not all children attend day care. However,
results from the trajectory analyses and risk factors show
clearly that they are well in line with most studies of early
PA problems.8,47 Finally, virtually all mothers (98.7%) who
were using NMC services before their child was age 9
months were also working. Thus, it was not possible, with
our sample, to disentangle the benefits associated with
the use of NMC services from those associated with maternal work and correlated maternal competencies. This
is an important issue that should be addressed in future
studies.
In summary, we provide robust evidence that the provision of NMC services to children of mothers with low
levels of education could substantially reduce their risk
of chronic PA, and that the protective impact is more important if children begin to receive these services before
age 9 months. Because the children most likely to benefit from NMC are those less likely to receive them, universal programs involving the provision of NMC should
include special measures encouraging the use of NMC
services among high-risk families.
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