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Abstract

Background

Maternal depressive symptoms (MDS) have been associated with poorer child cognitive
development. Some studies have shown that childcare attendance moderates associations
between MDS and child behavior problems, but we do not know if this is the case for chil-
dren’s cognitive development. Furthermore, few studies have evaluated whether associa-
tions between MDS and child cognitive development differ for boys and girls at school entry.

Methods

This study used data from a population-based cohort study (n = 1364) comprising well-vali-
dated measures of children’s cognitive development including academic readiness and lan-
guage development in kindergarten and reading and mathematics achievement in first
grade. Information on MDS was collected repeatedly from the child’s age of 5 months to 5
years and on childcare from 5 months to 4.5 years. Moderation analyses were conducted to
evaluate the differential associations of MDS with children’s outcomes depending on the
type of childcare attended and the child’s sex.

Results

Childcare type or child’s sex did not moderate associations between MDS and children’s
cognitive outcomes except for MDS being associated with lower scores on reading achieve-
ment in first grade for girls with a very small effect size (sr* = .003). Childcare attendance
was associated with higher scores for children’s cognitive development, however these
associations disappeared after adjusting for covariates including child, mother and family
characteristics. Regardless of MDS and childcare type, boys had, even after adjusting for
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covariates, lower scores on academic readiness (sr® = .029) and higher scores on mathe-
matics achievement (sr® = .004).

Conclusions

Children’s cognitive development at school entry was more strongly associated with mater-
nal education, children’s age in kindergarten and number of months of schooling in first
grade than MDS. Contrary to associations between MDS and child behavior problems,
childcare attendance did not moderate associations between MDS and children’s cognitive
development at school entry.

Introduction

Children’s cognitive development is a broad concept that includes academic readiness, lan-
guage development, reading and mathematics achievement. Parental engagement such as tak-
ing the time to read, play, and discuss with one’s child accounts for a large part of children’s
cognitive development [1-4]. Parenting practices such as parental sensitivity, warmth and
responsiveness are also linked to cognitive development [4-7]. However, mothers with ele-
vated depressive symptoms tend to be less inclined to read, play, or sing with their child [8].
For instance, studies have reported that depressed mothers ask fewer questions and provide
fewer explanations to their child [9]. Even mothers presenting low levels of depressive symp-
toms tended to play less often with their child and provide less academic stimulation to their
preschool child, such as working with numbers and colors, compared to mothers with no
depressive symptoms [10]. They also tend to be less sensitive, to use more harsh parenting, to
be more hostile and to express more anger towards their child than mothers with no depressive
symptoms [5, 7, 11-13].

During the early childhood period (from birth to age 5 years), postnatal maternal depres-
sion had been negatively associated with children’s cognitive outcomes such as language and
general cognitive development [14, 15]. These associations may be particularly salient in the
early childhood period compared to middle childhood or adolescence given the increased
dependence of the child on the mother. However, evidence for the association between mater-
nal depressive symptoms (MDS) and children’s cognitive development at school entry is
inconsistent, as described below. This is likely due to differences in the severity of maternal
depression or MDS across the different studies, as well as the influence of other relevant vari-
ables that contribute to children’s cognitive development such as the amount of schooling the
child has completed or their experience of childcare over the early childhood period as well as
the contribution of maternal education.

This study aims to extend the knowledge on the associations between MDS and several
measures of children’s cognitive development including academic readiness and language
development in kindergarten and reading and mathematics achievement in first grade. We
assess such associations within the context of a large-scale longitudinal study of children fol-
lowed since infancy, while examining whether childcare during the early childhood period or
child’s sex moderates these associations. We also examine whether MDS has a unique contri-
bution to children’s cognitive outcomes over and above other contextual risk factors associated
with MDS and children’s cognitive development, such as maternal education or socio-eco-
nomic variables.
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Maternal depression and children’s cognitive development

Brennan and colleagues [16] reported a small negative association between MDS severity and
chronicity, measured from pregnancy to 5 years of age, and children’s language development
at age 5 years (N = 3,767). More recently, using data from the Quebec Longitudinal Study of
Child Development (QLSCD), Ahun and colleagues [17] reported that chronic maternal
depression over the child’s age of 5 months to 5 years was associated with lower scores on lan-
guage development (n = 1,073). Children’s language development was assessed using the Pea-
body Picture Vocabulary Test-Revised (PPVT-R) and an average score was calculated based
on assessments when the child was aged 5, 6 and 11 years old. Létourneau, Tramonte, and
Willms [18] compared associations between different maternal depression symptom patterns
during the early childhood period (never depressed, postpartum only, recurrently depressed,
late onset) and language development for 10,033 children aged 4 and 5 years old. Recurrent
and late onset depression increased children’s risk of poorer language development.

Few studies have more specifically examined associations between MDS and abilities asso-
ciated with academic readiness and reading or mathematics achievement outcomes. Mensah
and Kiernan [19] studied associations between MDS and teacher-assessed reading and mathe-
matics performance in 5-year-old children. Elevated MDS were associated with poorer perfor-
mance for children. The association was stronger for boys’ mathematics achievement and
tended to be stronger for boys’ reading achievement compared to girls. However, MDS were
not evaluated prior to age 5 years and thus were not taken into account in their analyses. Ker-
sten-Alvarez and colleagues [20] compared school outcomes for five-year-old children whose
mothers were diagnosed with a postpartum depression episode (n = 21) with children from a
community sample (n = 113). They found that children of depressed mothers scored lower on
abilities associated with peer social competence and school adjustment. They also reported
sex-specific effects for poorer language development among girls (but not boys) of mothers
who reported postpartum depression compared to a community sample. Comaskey and col-
leagues [21] examined associations between maternal depression and anxiety disorders and
children’s academic readiness in kindergarten for 18,331 mother-child dyads. They found a
very small association between recurrent maternal depression and anxiety disorders and chil-
dren’s academic readiness that was largely mediated by family context (e.g., being a teen-
mother, single parent, lower socio-economic status).

Furthermore, research investigating whether children’s sex moderates associations between
MDS and children’s cognitive development has yielded mixed results with some research
reporting that boys were more affected by MDS than girls [19, 22], while other studies have
reported the opposite pattern of findings [20, 23].

Children exposed to recurrent and chronic symptoms of depression are considered to be at
increased risk for poorer cognitive development [3, 24] and the studies outlined above support
this finding. However, effect sizes for associations between MDS and children’s cognitive out-
comes have generally tended to be small [16, 17], although they may vary depending on the
severity and/or chronicity of MDS, the type of ability assessed in the child, the age at which it
is assessed and the child’s sex [3, 14, 17-20, 22, 23, 25]. Furthermore, childcare attendance dur-
ing the early childhood years could be another relevant factor contributing to children’s cogni-
tive development.

Childcare attendance and children’s cognitive development

Several childcare arrangements exist that take place within or outside the family home. They
can be categorized under formal or regulated childcare (e.g., center-based, family-based child-
care) and informal or unregulated childcare (e.g., care by family members other than a parent,
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such as grandparents, brother or sister, or a babysitter within the children’s home) childcare.
Formal childcare is often reported to be of higher quality than informal childcare [26, 27].

Research indicates that for children from vulnerable backgrounds, such as those character-
ized by low income or low maternal education, childcare attendance during the early child-
hood years, particularly formal childcare attendance, is associated with better cognitive
development [28-31]. Other studies have indicated that for children of mothers with MDS,
attending formal childcare during the early childhood period has been associated with fewer
emotional and behavioral difficulties compared to those children of mothers with MDS who
do not attend childcare [32-34]. Yet, knowledge is lacking on whether childcare may also be
linked to better cognitive development for those children of mothers with MDS. A child’s
experience of childcare attendance over the early childhood years may also in part explain the
inconsistent associations reported to date between MDS and child outcomes at school entry.

Based on findings to date, we hypothesized that MDS would be negatively associated with
children’s cognitive development, and that childcare attendance would modify these associa-
tions. More specifically, we expected that associations between MDS and children’s cognitive
development outcomes would be less pronounced for children who attended formal childcare
during the early childhood years compared to those remaining at home during this period. In
addition, we aimed to test whether associations between MDS and children’s cognitive devel-
opment differ between boys and girls.

Methods

Participants

This study was conducted within the context of the Quebec Longitudinal Study of Child Devel-
opment (QLSCD) led by the Institut de la statistique du Québec. The participants were ran-
domly selected from the Québec registry of births for children born between October 1997
and July 1998 to ensure that all children in the cohort would enter school in the same year (sin-
gleton births, N = 2120). Information regarding the child was collected over the early child-
hood period at the ages of 5 months, 1.5, 2.5, 3.5, and 4.5 years old and at the beginning of
formal school such as kindergarten (i.e., age 6 years) and grade 1 (i.e., age 7 years). The person
identified as being the most knowledgeable (PMK) about the child was asked to provide infor-
mation regarding the child and their use of childcare during the early childhood period. We
studied normally developing children living with their biological mother, and thus selected
participants for whom a) the PMK was the biological mother at each timepoint, and b) the
PMK did not report important child limitations (e.g. autism, mental handicap). Furthermore,
children’s cognitive development may be higher than other children of the same age if they
skipped a school year or it may be lower if they repeated a school year and thus did not learn
new material. We therefore focused on children who entered the school system at the statutory
school starting age (i.e., did not skip or repeat a school year) leaving a total of 2026 mother-
child dyads from the initial QLSCD sample. From these children, data were available for MDS
and childcare at three or more time-points for 1832 mother-child dyads. The analyses included
between 1109 and 1364 mother-child dyads depending on the child outcome assessed.
Informed written parental consent was obtained at each assessment. Ethics approval was
obtained from the Institut de la statistique du Québec’s ethics committee.

Maternal depressive symptoms (MDS) measure

MDS were assessed at 5 months, 1.5, 3.5 and 5 years using a shortened version of the Center
for Epidemiologic Studies Depression Scale [35], which is a widely-used self-report measure to
assess symptoms of depression in the general population [36]. Twelve of the 20 items were
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used at 5 months and 1.5 years whereas 6 items were included at 3.5 and 5 years. Each item
assesses the frequency of a depressive symptom during the past week on a 4-point scale rang-
ing from 0 (none) to 3 (all the time). The shortened version demonstrates good psychometric
properties [37]. The scores were rescaled to range from 0 to 10 to ensure that all timepoints
had the same total score even if the number of items differed between timepoints. A minimum
of three assessment points was used to calculate a MDS average score from 5 months to 5 years
to ensure that we were capturing more than postnatal depressive symptoms. Mothers with
missing information on two or more time points were excluded from the study (as indicated
in the description of study participants).

Childcare measures

When children were aged 5 months, 1.5, 2.5, 3.5 and 4.5 years, mothers reported on whether
their child attended childcare (i.e., none [mother care], center-based childcare, cared for in
someone else’s home by a relative or a non-relative, cared for in own home by a relative or a
non-relative) and the intensity of use (number of hours per week). Furthermore, when the
child was cared for in someone else’s home by a family-member or a non-family member, the
mother indicated if the person providing the care was licensed by the government or approved
by a recognized agency (i.e., if it was a regulated family-based childcare). The childcare
arrangement was reclassified into three categories: 1) maternal care, 2) formal childcare that
included center-based and regulated family-based childcare, and 3) informal childcare. Chil-
dren with missing information on two or more time points were excluded from the study (as
indicated in the description of study participants). If the child spent 9 hours or less per week in
any childcare arrangement, they were included in the category of maternal care for that time
point [29, 38, 39]. The total time spent in formal and informal childcare arrangements was cal-
culated respectively considering all measurement points over the full early childhood period.
Based on the total time spent in childcare, three groups were formed. If the child’s total time
spent in formal and informal childcare was null, the child was included in the maternal care
group (n = 232, 17.0%). Otherwise, if the total time spent in formal childcare was greater than
the time spent in informal childcare, the child was included in the formal childcare group

(n =632, 46.3%). If not, the child was considered to be part of the informal childcare group

(n =500, 36.7%).

Cognitive development measures

Kindergarten measures. Academic readiness was evaluated using the Lollipop Test [40].
It is composed of four subtests: 1) identification of colors and shapes and copying shapes; 2)
picture description, position, and spatial recognition; 3) identification of numbers and count-
ing; 4) identification of letters and writing [40]. A global score was calculated using the mean
of the four subtests. This test has good convergent validity with other measures of academic
readiness [41].

Language development was measured using the PPVT-R in either English [42] or French
[43]. The child is presented with a group of four pictures at a time. The child must point to the
picture corresponding to the word said by the interviewer. The test includes up to 170 words
presented in increasing order of difficulty. The total score corresponds to the sum of correctly
identified items. This test is a good predictor of subsequent academic achievement [44].

First-grade measures. Mathematics achievement was evaluated using an adapted version
of Okamoto and Case Number Knowledge Test (NKT) [29, 45, 46]. This test assesses if the
child can count concrete objects presented to him/her, as well as the child’s knowledge of
number sequences, sums, and differences. The test ends when the child has committed three
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consecutive errors. The raw score was used indicating the number of correct answers provided.
This test shows good predictive validity on subsequent mathematics abilities [44, 47].

Reading achievement was measured using the decoding and reading comprehension sub-
tests of the Kaufman Assessment Battery for Children (K-ABC) Achievement Scale [48]. The
decoding subtest requires the child to identify letters and to read and pronounce words while
the reading comprehension subtests evaluates if the child understands simple sentences they
have read, by requiring them to act out their meaning (ex: touch your nose). This test has good
psychometric properties in English [48] and in French [49].

Covariates

Factors associated with childcare attendance such as maternal education, insufficient income,
marital status, and children’s temperament were identified as covariates to reduce the effect of
social selection bias [50, 51]. Through a literature review, we also identified potential con-
founding variables contributing to our outcomes of interest. These variables can be categorized
as child, mother and/or family characteristics. Covariates were assessed at the first data collec-
tion (i.e., 5 months of age).

Child characteristics included if the child was ever breastfed or not [52], low birth weight
(<2.5kg) [53, 54], the child’s temperament (difficult temperament subscale of the Infant Char-
acteristics Questionnaire)[55, 56], and the child’s birth order (first-born child or not). The
association between birth order and academic achievement is controversial (see [57]) but has
been reported by some studies [58]. Child characteristics also included children’s age at the
time of test administration (in years) and an indication of the time spent in school (in months).
Children’s age had been positively associated with child cognitive development. Older children
tend to perform better than younger ones in kindergarten and first grade [59, 60]. Further-
more, the number of months a child has spent in school has been positively associated with
measures of academic achievement [60, 61]. This effect is particularly important at school
entry [62]. Since all children were tested in the same calendar year but not the same month
during kindergarten or in first grade, we calculated a variable indicating the number of months
of schooling at the particular school level.

Maternal characteristics included the mother’s age at the child’s birth [63], maternal educa-
tion [64], and parenting style [2]. Education was reported using a categorical indicator desig-
nating mothers without a high school degree, or those with either a high school, post high
school or university degree. Mothers reported on their parenting style using the Parental Cog-
nitions and Conduct Toward the Infant along 4 dimensions: perception of self-efficacy, per-
ception of parental impact, coercive parenting, and overprotective parenting [65]. Perception
of self-efficacy and perception of parental impact evaluate mothers’ beliefs about their role as a
parent while coercive and overprotective parenting evaluate mothers’ behavioral tendencies.
We evaluated these 4 dimensions separately.

Family characteristics included family structure (i.e., single-parent family or not) and insuf-
ficient income. Insufficient income (yes or no) is an index taking into account the size of the
household and the region where it is located (e.g., urban versus rural, population density)
based on guidelines set by Statistics Canada [66].

Only those variables that were significantly correlated with at least one of the academic out-
comes were included in the final analyses. These variables included: mother’s age at childbirth,
children’s age at test administration, number of months of schooling in kindergarten or grade
1 (depending on when the outcome was assessed), maternal education (three dummy variables
created using no high school degree as a reference), parenting measures (subscale perceived
impact and subscale overprotection), income status (insufficient or not), the children’s birth
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order (first-born child or not), birth weight (less than 2.5 kg or not), whether the child was
breastfed or not and whether or not he/she lived in a single-parent family.

Data preparation and statistical analysis plan

Data were analyzed using SPSS for windows (version 25.0; SPSS, Inc., Chicago, IL, USA). First,
we computed descriptive statistics for the sample. The mean scores for children who took the
PPVT-R test in French were significantly higher compared to those who completed the test in
English. The PPVT-R score was thus transformed into Z scores separately for each version of
the test (i.e., French and English) and then combined for the analyses. The same was done for
the K-ABC scores (for the grade 1 assessment of reading ability). We also standardized the
MDS score to facilitate the interpretation of results. Furthermore, we computed descriptive
statistics and compared mother-child dyad characteristics in relation to their childcare atten-
dance (i.e., maternal care, formal childcare, informal childcare).

Second, we evaluated the percentage of missing data on the identified covariates to be
between 0 and 3.7%. According to Tabachnick and Fidell [67], in the case of large data sets
with less than 5% of the participants having missing data, the different procedures for handling
missing data provide very similar results. We used the SPSS multiple imputation procedure to
create a single imputation data set using the full sample (N = 2120) and added auxiliary vari-
ables (family functioning and pregnancy length in weeks) correlating with our covariates.
Family functioning was measured at 5 months using the McMaster Family Assessment Device
[68]. The McMaster Family Assessment evaluates family functioning along different dimen-
sions such as problem solving, communication, parenting roles, emotional receptivity and par-
ticipation, and behavioral control [68]. A total score was calculated as described by Desrosiers,
Boivin, and Des Grosseilliers [69]. A lower score indicates better family functioning.

Third, separate moderation analyses (two-way interactions) were conducted for each mod-
erator and child outcome to evaluate the potential differential association between MDS and
children’s outcomes depending on 1) type of childcare and 2) the child’s sex. We used a hierar-
chical regression approach as recommended by Hayes and Montoya [70] to test moderation
with a multi-categorical moderator. We evaluated two different models: the first one included
the main predictors (MDS, child’s sex, and childcare type) and children’s age at test adminis-
tration as a covariate to focus on the central variables of interest and the second model includ-
ing the predictors and all covariates (to better understand the contribution of MDS versus
other contextual factors).

Finally, we used weights to ensure our study sample was comparable to the targeted popula-
tion (n = 2026). Study participants (n = 1364) were compared along baseline characteristics
with those who were not included in the analyses (n = 662) due to missing data on MDS, child-
care type or child outcome. The characteristics that differed significantly between the two
groups were then used to compute the probability for each mother-child dyad to be included
in our analyses [71]. Each mother-child dyad was attributed a weight that was inversely pro-
portional to the probability to be included in our analyses.

Results
Descriptive statistics

The mothers in this study were on average 28.93 years old at their children’s birth. Further
data describing the sample are reported in Table 1. We also calculated the proportion of moth-
ers with elevated MDS. To approximate the cut-off of 16 (out of 60) on the full Center for Epi-
demiologic Studies Depression (CES-D) Scale, we used a threshold of 2.67 out of 10 for our
rescaled measures [17, 72]. At each time point between 14% and 18% of mothers reported
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Table 1. Descriptive data.

Mother Characteristics N Mean (SD) Minimum Maximum
Average depressive symptoms (5 months to 5 years) 1364 1.37 (1.12) 0 7.37
Mother age at child birth (year) 1364 28.94 (5.17) 15.98 44.17
Parenting: overprotection 1338 5.30 (2.42) 0 10
Parenting: perceived impact 1337 8.47 (1.75) 0 10
Maternal education %
No high school 219 16.10%
High school 338 24.80%
Post high school 409 30.00%
University 398 29.20%
Child measures in kindergarten Mean (SD) Minimum Maximum
Academic readiness (N = 1137) 1137 14.45 (1.74) 3 17.25
Age at test administration (year) 1137 6.23 (.25) 5.6 6.8
Number months in kindergarten 1137 5.12(.88) 1 9
Language development (N = 1109) 1109 80.25 (16.80) 12 130
Age at test administration (year) 1109 6.23 (.25) 5.8 6.8
Number months in kindergarten 1109 5.12 (.90) 3 8
Child measures in first grade Mean (SD) Minimum Maximum
Reading achievement (N = 1321) 1321 22.67 (10.50) 47
Age at test administration (year) 1321 7.14 (.26) 6.7 7.7
Number months in first grade 1321 3.94 (.78) 3 8
Mathematics achievement (N = 1364) 1364 19.67 (3.82) 6 27
Age at test administration (year) 1364 7.14 (.26) 6.7 7.7
Number months in first grade 1364 3.95(.78) 3 6
Child Characteristics %
Sex (girls) 715 52.40%
Birth weight < 2500 g 45 3.30%
Breastfed (yes) 987 72.40%
Birth order—first 597 43.80%
-2" or more 767 56.20%
Family Characteristics %
Insufficient income 271 19.90%
Single-parent family 88 6.50%

Data courtesy of Institut de la statistique du Québec.

https://doi.org/10.1371/journal.pone.0227179.t001

elevated MDS which corresponds to prevalence rate of maternal depression reported in other

studies [73, 74].

One-way analyses of variance (ANOVA) type II and chi-square analyses were performed to
compare participants’ characteristics depending on their childcare attendance (i.e., maternal

care, formal childcare, informal childcare). Significant statistical differences were found for the
MDS average score during the early childhood period (F(2, 1361) = 8.62, p < .001), mothers’
overprotective parenting (F(2, 1335) = 8.52, p < .001), maternal education (x*(6,N = 1364) =
75.01, p < .001), single-parent family (x*(2, N = 1362) = 7.37, p = .03), insufficient income
(x*(2, N = 1350) = 54.14, p < .001) and child birth order (x*(1, N = 1364) = 26.91, p < .001).
No differences were found for child’s sex, low birth weight, and breastfeeding (all ps > 0.05).
As reported previously by Geoffroy et al. (2012) using this sample, Bonferroni post-hoc

PLOS ONE | https://doi.org/10.1371/journal.pone.0227179 January 10, 2020

8/20


https://doi.org/10.1371/journal.pone.0227179.t001
https://doi.org/10.1371/journal.pone.0227179

@ PLOS|ONE

Maternal depressive symptoms, children’s cognitive development, and early childcare

analyses indicated that children who did not attend childcare during the early childhood years
were more likely to be the first-born child of the family, to have less-educated mothers, to have
mothers scoring higher on overprotective parenting, and to come from families with insufficient
income compared to children who attended formal or informal childcare in the early childhood
period. They were also more likely to be from a single-parent family or to have a mother report-
ing higher MDS compared to children attending informal childcare. Mothers of children attend-
ing informal childcare reported significantly fewer MDS during the early childhood period than
mothers of children not attending childcare or those attending formal childcare.

Mother-child dyads included in this study (n = 1364) were compared along baseline charac-
teristics with those who were not included in the analyses (n = 662). Mothers of excluded
dyads were more likely to be immigrants (14.7% vs. 4.9%; x*(1, N = 2026) = 56.81, p < .001),
to report higher MDS at 5 months (F(1, 2021) = 6.17, p = .01), higher scores on overprotective
parenting (F(1, 1957) = 8.38, p < .01), and lower scores on perceived impact (F(1, 1955) =
11.95, p =.001). The excluded dyads were also more likely to report insufficient income
(32.9% vs. 20.1%; x*(1, N = 1992) = 38.80, p < .001), to be a single-parent family (11.1% vs.
6.5%; (1, N = 2020) = 12.98, p < .001), and to have a boy (57.8% vs. 47.8%; (1, N = 2026) =
19.94, p < .001), compared to dyads in the final sample. The two groups also differed on the
highest maternal education level, with fewer mothers having a university degree (20.7% vs.
29.2%) and more mothers with no high school diploma (22.4% vs. 16.1%) among the excluded
participants. The two groups were however similar on mothers’ age at childbirth, birth order
and the proportion of children with low birth weight (all ps > 0.5).

Hierarchical linear regression analyses were conducted for each of the child outcomes, in
kindergarten and first grade, to evaluate the potential differential associations between MDS
and children’s outcomes depending on 1) childcare type and 2) the child’s sex separately. Two
different models were analyzed for each moderator. Model 1 included MDS, child’s sex, and
childcare type as predictors. Since we used raw scores for the children’s outcomes, we also
included the child’s age at test administration as a covariate. Model 2 included MDS, child’s sex,
childcare type as predictors and all covariates (children’s age at test administration, number of
months of schooling in kindergarten or grade 1, maternal education, mothers’ perceived impact
and overprotection, insufficient income, children’s birth order (first-born child or not), low
birth weight (less than 2.5 kg or not), whether the child was breastfed or not, mother’s age at
child’s birth, and whether the child lived in a single-parent family or not). All the regression
analyses were conducted with and without weights and provided similar results, thus only the
latter are reported here. Results for the main effects of variables (i.e., without interaction terms
in the analyses) and the results of analyses testing moderation (i.e., interaction terms) are
reported in Table 2 for kindergarten outcomes and Table 3 for first grade outcomes. Effect sizes
for individual predictor variables were evaluated using the squared semi partial correlation (sr)
where 100*sr” represents the percentage of variance explained by this predictor [75]. Semi par-
tial correlation can be used to indicate small (.01), medium (.09) and large (.25) effect sizes [76].

Moderator: Childcare type. Analyses for model 1 demonstrate no moderation effect of
childcare type for any of the child outcomes. We thus interpreted the main effect of childcare
type. Attending formal childcare was associated with better child outcomes for academic readi-
ness in kindergarten and mathematics achievement in first grade with small effect sizes varying
from .005 to .007. Attending informal childcare was associated with better children’s outcomes
for academic readiness and language development in kindergarten, as well as for reading and
mathematics achievement in first grade with effect sizes varying from .005 to .012.

Analyses for model 2 (fully adjusted model) demonstrate no moderating effect of childcare
type for any of the child outcomes. Furthermore, after adjusting for covariates, attending for-
mal or informal childcare was no longer significantly associated with children’s outcomes.
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Table 2. Moderation analyses of MDS x Childcare type and MDS x child’s sex for kindergarten outcomes.

Kindergarten
Academic readiness (Lollipop) Language development (PPVT-R)
n=1137 n=1109
Model 1 Model 2 Model 1 Model 2
B sr” B sr” B sr” B sr’
Covariates
Child.s age 120 0.015 | .16*** 0.023 | .12*** 0.014 | .16*** 0.023
# months in grade -.05" 0.002 -.05" 0.002
High school 13%* 0.008 .03 0.000
Post high school 177 0.012 .08 0.003
University 23%"F 0.018 .19 0.012
Perceived impact A1 0.011 17 0.026
Overprotection .01 0.000 -.08" 0.005
Insufficient income -.07* 0.004 -12%F 0.010
Single-parent family -.02 0.000 -.00 0.000
Birth order (1st) -.10%* 0.008 - 12%F 0.013
Low birth weight -.08"* 0.007 -.03 0.001
Mother’s age .04 0.001 -.01 0.000
Breastfed .03 0.001 .00 0.000
Predictors
MDS -.04 0.002 | .02 0.001 | -.11*** 0.012 | -.02 0.000
Formal childcare 12 0.007 | .03 0.000 | .05 0.001 | -.07* 0.002
Informal childcare 157 0.012 | .07" 0.002 | .10* 0.005 | -.01 0.000
Child’s sex (boy) _ 17 0.028 | -.17*** 0.029 | -.01 0.000 | -.01 0.000
R? change .057 142 .035 0.152
F F(5,1131) 13.64*** | F(17,1119) 10.86*** | F(5,1103) 7.91*** | F(17,1091) 11.48%*
Moderator: childcare type
MDS x formal care .05 0.001 | .04 0.000 | .08 0.002 | .01" 0.002
MDS x informal care .00 0.000 | .01 0.000 | .01 0.000 | .04 0.003
R? change .001 .000 .002 0.002
F F(2,1129) 0.68 | F(2,1117) 0.32 | F(2,1101) 1.36 | F(2,1089) 1.58
Moderator: child’s sex
MDS x child’s sex .06 31.000 | .04 0.001 | .06 0.001 | .04 0.001
R? change .001 .001 .001 0.001
F F(1,1130) 1.12 | F(1,1118) 0.70 | F(1,1102) 1.15 | F(1,1090) 0.69
‘p<.10
p<.05
**p <.01
#p < .001.

Data courtesy of Institut de la statistique du Québec.

Note: standardized Bs are reported.

https://doi.org/10.1371/journal.pone.0227179.t002

Moderator: Child’s sex. Analyses for model 1 demonstrate that the child’s sex moderated
the associations between MDS and reading achievement in first grade (F(1, 1314) =7.65, p <
.01) and mathematics achievement in first grade (F(1, 1357) = 4.29, p = .04). A simple slope
analysis indicated that MDS was associated with reading achievement (B = -.15, p < .001) and
mathematics achievement (f = -.45, p < .01) for girls but not for boys (B =.00, p=.93 and B =
-.02, p = .91 respectively). Child’s sex did not moderate the associations between MDS and
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Table 3. Moderation analyses of MDS x Childcare type and MDS x child’s sex for first grade outcomes.

First grade
Reading Achievement (K-ABC) Mathematics Achievement (NKT)
n=1321 n=1364
Model 1 Model 2 Model 1 Model 2
B sr? [ sr? B sr* B sr
Covariates
Child’s age .08** 0.007 | .08** 0.005 | .08** 0.007 | .07** 0.005
# Months in grade 167+ 0.023 17 0.027
High school 2174 0.022 .10%* 0.004
Post high school 27%%F 0.030 167+ 0.011
University 33%rx 0.038 257 0.022
Perceived impact .09** 0.007 .05 0.002
Overprotection .00 0.000 -.03 0.001
Insufficient income -.04 0.001 - 117 0.009
Singl-parent family -.03 0.001 .01 0.000
Birth order (1st) -.06* 0.003 -.02 0.000
Low birth weight 01 0.000 -.03 0.001
Mother’s age -.02 0.000 .04 0.001
Breastfed .00 0.000 .01 0.000
Predictors
MDS -.08** 0.007 | -.02 0.001 | -.06" 0.004 | .00 0.000
Formal childcare .08" 0.003 | -.03 0.000 | .10** 0.005 | .00 0.000
Informal chidlcare 127 0.007 | .02 0.000 | 13*** 0.008 | .04 0.001
Child’s sex (boy) -.01 0.000 | -.01 0.000 | .06" 0.004 | .06" 0.004
R? change 023 127 024 129
F F(5,1315) 6.13*** | F(17,1303) 11.14*** | F(5,1358) 6.66"* F(17,1346) 11.76***
Moderator: childcare type
MDS x formal care -.02 0.000 | .01 0.000 | .05 0.001 | .07 0.001
MDS x informal care -.03 0.000 | .02 0.000 | .02 0.000 | .04 0.001
R® change .000 .000 .001 .001
F F(2,1313) 0.19 | F(2,1301) 0.02 | F(2,1356) 0.45 | F(2,1344) 1.02
Moderator: child’s sex
MDS x child’s sex .14 0.006 | .11* 0.003 | .10* 0.003 | .07 0.000
R? change .006 .003 .003 .002
F F(1,1314) 7.65** | F(1,1302) 5.19% | F(1,1357) 4.29% | F(1,1345) 2.50
‘p<.10
p<.05
“p<.01
***p < .001.

Data courtesy of Institut de la statistique du Québec.

Note: standardized Bs are reported.

https://doi.org/10.1371/journal.pone.0227179.t003

academic readiness and MDS and language development in kindergarten (all ps > 0.05). We
thus interpreted the main effect of MDS and child’s sex. Elevated MDS were associated with
lower scores on language development (B = -.11, p < .001) but were not associated with aca-
demic readiness in kindergarten, regardless of child’s sex. Child’s sex was associated with aca-
demic readiness indicating that boys tended to have lower scores than girls (B = -.17, p < .001)
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with an effect size of .029. Child’s sex was not associated with language development ( = -.01,
p =.85).

With model 2 (fully adjusted), child’s sex continued to moderate the association between
MDS and reading achievement in first grade (F(1, 1302) = 5.19, p = .02). A simple slope analy-
sis confirmed that MDS were associated with reading achievement for girls (B = -.08, p = .03)
but not for boys (B = .04, p = .31). For girls, there was a decrease of .08 standard deviation (SD)
in reading achievement for each increase of 1 SD of MDS. Child’s sex no longer moderated the
association between MDS and mathematics achievement in first grade (F(1, 1345) =2.49,p =
.11). Furthermore, MDS were not associated with mathematics achievement (§ = -.00, p = .96),
regardless of the child’s sex. However, boys had higher mathematics achievement scores (f =
.06, p = .02), with an effect size of sr* = 0.004. With regard to other child outcomes, MDS were
no longer associated with language development (8 = -.02, p = .42) and were not associated
with academic readiness (B = .02, p = .40), irrespective of child’s sex. Furthermore, boys had
lower scores on academic readiness (B = -.17, p < .001) with a small to medium effect size
(sr* = 0.029). No sex differences emerged for language development (B = -.01, p = .81).

Probing the contribution of covariates. The results of model 2 for the different outcomes
indicated that children’s age at test administration was positively associated with all children’s
outcomes with .005 < sr* < .023. Contrary to our expectations, the number of months in kin-
dergarten was not associated with academic readiness or language development. As expected,
the number of months in first grade was positively associated with reading and mathematics
achievement with an effect size of .023 and .027 respectively. Higher maternal education was
associated with higher scores for all outcomes (.011 < sr” < .037 for a university degree). Per-
ceived maternal impact was associated with higher scores on academic readiness, language
development and reading achievement (.007 < sr? < .026). Being the first-born was also
associated with a small decrease in scores for academic readiness, language development,
and reading achievement (.003 < sr* < .013). Insufficient income was associated with lower
academic readiness, language development, and mathematics achievement in first grade
(.008 < sr* < .013).

Supplementary analyses. To ensure that our results were not due to the way of operatio-
nalizing the variable childcare type, we ran additional analyses. First, we slightly adapted the
variable childcare type to also consider childcare arrangements of less than 10 hours per week.
Thus, the total time spent in formal and informal childcare arrangements respectively was cal-
culated. If the time spent in formal childcare was greater than the time spent in informal child-
care, the child was included in the formal childcare group, otherwise the child was included in
the informal group. If the child did not attend formal or informal childcare, he/she was
included in the maternal care group. Using this modified childcare type variable, we did not
find that childcare type moderated associations between MDS and children’s cognitive
outcomes.

Second, to capture the intensity of childcare attendance (i.e. part-time versus full-time
attendance), we created a new categorical variable to differentiate between children not attend-
ing childcare, children attending formal childcare less than 20 hours per week on average, chil-
dren attending formal childcare more than 20 hours per week on average, children attending
informal childcare less than 20 hours per week on average, children attending informal child-
care more than 20 hours per week on average. Again, the same pattern of results was found;
childcare did not moderate associations between MDS and children’s cognitive outcomes.

Third, we further probed the moderating role of childcare by testing whether childcare
intensity of use (rather than the type per se) moderated associations between MDS and chil-
dren’s cognitive outcomes. Previous studies have reported that childcare intensity of use atten-
uated associations between lower socioeconomic status and children’s cognitive outcomes [30]
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and between a more chaotic home environment and language development [77]. Based on the
intensity of use reported at each time point (as described in the childcare measures section
above where mothers reported on the number of hours per week in formal and informal child-
care over the early childhood period), the total time spent in childcare was calculated for each
child. The total time spent was averaged over the number of time points with childcare infor-
mation (to make the information comparable if some time points were missing). The same
models described above (e.g., model 1 with basic predictors and child age; and model 2 with all
covariates) were evaluated using childcare intensity of use as a moderator (instead of childcare
type).

Results for model 1 indicated that childcare intensity of use did not moderate associations
between MDS and children’s cognitive outcomes. We thus interpreted the main effect of child-
care intensity of use. Childcare intensity of use was associated with better academic readiness
and language development in kindergarten, and better reading and mathematics achievement
in first grade with effect sizes varying from .011 to .020. Results for model 2 (fully adjusted
model) did not demonstrate a moderating effect of childcare intensity for any of the child out-
comes. Furthermore, after adjusting for covariates, childcare intensity of use was no longer sig-
nificantly associated with children’s cognitive outcomes.

Discussion

We hypothesized that associations between MDS and children’s cognitive development at
school entry would be less pronounced for children attending formal childcare compared to
those who did not attend childcare during the early childhood years. Contrary to our expecta-
tions, we found that attending formal or informal childcare did not moderate associations
between MDS and children’s cognitive outcomes at school entry. We also aimed to contribute
to the discussion on the differential associations between MDS and children’s cognitive out-
comes at school entry in relation to the child’s sex. Higher MDS were associated with lower
scores on reading achievement in first grade for girls, although the effect size was very small.
Child’s sex did not moderate associations between MDS and any of the other children’s cogni-
tive outcomes. Finally, we found that boys had poorer academic readiness in kindergarten and
better mathematics achievement in first grade although effect sizes were quite small.

Childcare attendance has been shown to be associated with better cognitive development
for children from vulnerable environments [29-31]. A novel aspect of this study was the exam-
ination of whether childcare attendance during the early childhood period moderated associa-
tions between MDS and children’s cognitive outcomes in kindergarten and grade 1. Contrary
to previous research demonstrating that formal childcare attendance moderated associations
between MDS and child internalizing behaviors [32-34], our results do not indicate that
attending childcare is linked with better cognitive development in the context of MDS. This
might be due to the fact that associations between MDS during the early childhood period and
child behavior problems is larger than between MDS and children’s cognitive development
(e.g., [16]). While attending childcare did not moderate associations between MDS and chil-
dren’s cognitive development, attending formal and informal childcare was associated with
higher scores on children’s cognitive development outcomes. However, these associations
were no longer significant after adjusting for confounding variables.

We found that higher MDS was associated with lower scores on reading achievement in
first grade for girls but not for boys. This contrasts with reports by Mensah and Kiernan [19]
highlighting that boys tended to be more vulnerable to MDS for reading achievement. It is rel-
evant to note that Mensah and Kiernan [19] evaluated the effect of concurrent maternal
depression and did not study the contribution of MDS during the early childhood period.
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Furthermore, they used teacher-based assessments of academic achievement rather than objec-
tive tasks performed by the child. Teacher-based assessments might be negatively biased for
boys of depressed mothers who could exhibit more disruptive behavior in school such as dis-
tractibility and inattention [78-80]. Our results however are consistent with a large-scale study
that found that 16 years-old girls performed worse than boys at school in the context of MDS
[23].

Although we found that MDS averaged over the early childhood years were negatively asso-
ciated with children’s language development in kindergarten, and reading and mathematics
achievement in first grade, effect sizes were small. Further, results failed to reach statistical sig-
nificance once analyses were adjusted for confounding variables. Our finding of small effect
sizes between MDS and children’s cognitive development is consistent with some previous
studies [16, 17]. Maternal education as well as the child’s age in kindergarten and the number
of months of schooling in first grade at the time of test administration were among those vari-
ables more strongly associated with child cognitive development. Attending school has previ-
ously been associated with gains in reading and mathematics performance and more
specifically in the early years of primary school [62].

We found a small association between higher MDS and lower reading achievement scores
in first grade for girls but no associations with academic readiness, language development and
mathematic achievement for girls and boys. When evaluating the effect of MDS and economic
deprivation on children’s academic readiness, Kiernan and Huerta [5] concluded that eco-
nomic deprivation matters more for children’s academic readiness than MDS. This association
was mainly mediated through cognitive stimulation. Furthermore, the association between
economic deprivation and cognitive stimulation was much stronger than between MDS and
cognitive stimulation. Consistent with these findings, Comaskey and colleagues [21] reported
a much stronger association between family context and child academic readiness and achieve-
ment than between recurrent maternal depression and anxiety and such child outcomes. Our
investigation is consistent with this work in suggesting that, within a community sample with
elevated MDS (but not necessarily chronic or clinically significant symptoms), MDS does not
appear to contribute significantly to child academic achievement and readiness over and
above those risks factors associated with MDS such as lower maternal education and low
income.

Recent studies have reported an association between MDS and lower academic achieve-
ment at 16 years old for boys and girls [81] with girls being even more vulnerable [23]. Pearson
and colleagues [81] highlighted that attentional control measured at 8 years of age may medi-
ate associations between MDS and academic achievement at 16 years old. This result indicates
that different mechanisms could potentially explain associations between MDS and cognitive
outcomes beyond parental engagement and parenting style. Furthermore, the relevance of
such mechanisms or the effect sizes of associations between MDS and children’s cognitive
development may depend on the child’s age and sex. Other mechanisms involved in the associ-
ations between MDS and children’s cognitive outcomes could include children’s working
memory, peer social relationships, and externalizing behavior. Researchers have already
highlighted associations between MDS and these potential mechanisms [12, 20, 82, 83] as well
as between these mechanisms and academic achievement [84-86]. Further research is required
to better understand the specific mechanisms, and the size and timing of their effects on asso-
ciations between MDS and child academic achievement over the full academic journey.

Our study has the important advantage of being based on a large-scale longitudinal study
covering the full early childhood period into school age with multiple independently assessed
and well-validated measures of children’s cognitive development. Importantly, we considered
various potential child, mother and family factors that might be associated with the context of
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MDS and children’s cognitive development. These risk factors could account for such associa-
tions and may also contribute a potential selection bias for the child to attend a specific child-
care type. We also used weights to compensate for study attrition.

Despite the strengths of this large-scale study, we faced the following limitations. First,
while we did not find that higher MDS averaged over the early childhood period were associ-
ated with lower scores on children’s cognitive outcomes in kindergarten and grade 1, our
results may not generalize to families with chronically and clinically depressed mothers. Even
if we identified a good proportion of mothers with elevated MDS, they would not necessarily
meet criteria for clinical depression [72]. It is very possible that more pronounced effects
would have emerged in a sample with a clinical diagnosis of depression. Second, although sev-
eral variables were used to statistically adjust for a possible selection bias in childcare type, it is
possible that some unidentified selection factors affected the results. Third, an emerging body
of research links antenatal depression to children’s cognitive abilities [14, 87]. Since our mea-
sures of MDS were collected from the postnatal age of 5 months onwards, it was not possible
to take this into consideration. Finally, we did not study mechanisms underlying associations
between MDS and children’s cognitive development such as cognitive stimulation, the child’s
motivation nor did we examine the role of the other parenting partner.

Overall, our findings indicate that factors such as maternal education, children’s age and the
number of months of formal schooling at the time of outcome assessment, better explain chil-
dren’s academic readiness and achievement at school entry than the average MDS score from 5
months to 5 years. Contrary to findings pertaining to emotional and behavioral outcomes,
childcare did not appear to moderate associations between MDS and children’s cognitive devel-
opment. Attending childcare might be more important for children from different at-risk back-
grounds, such as those characterized by poverty or by more severe levels of depression.
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