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Abstract

Background The longitudinal relation between parenting practices and styles with children’s body mass index
z-scores (zBMI) is poorly understood. Previous studies suggest the relationship may be complex, but small samples
and short follow-ups diminish the strength of the evidence. The objectives of this study were to investigate whether
the relationship is bidirectional, time-varying, and lagged using data from a large, representative birth cohort of Que-
bec children.

Methods Data were from the Québec Longitudinal Study of Child Development (QLSCD), a prospective birth cohort
(n=1,602). The mothers'interactions with their children (at ages 6, 8, 10, and 12 years) were utilized in factor analy-

sis to identify three latent parenting practices (disciplinarian, lenient, and responsive). The parenting practices were
analyzed with K-means clustering to identify the parenting styles. The temporal and bidirectional relationships were
assessed in a cross-lagged path analysis using a structural equation modelling framework. Mixed models controlling
for age, sex, income, mother’s education, and whether the participant was first-born were estimated. Missing data
were handled with full information maximum likelihood.

Results From the linear mixed models, greater lenient and responsive parenting practices were associated with
higher zZBMI (B=0.03, p <0.05) two years later. However, there was no evidence that the relationship was bidirectional
nor that parenting style was predictive of children’s zBMI.

Conclusion While mothers’parenting practices were unaffected by their children’s zBMI, parental practices were pre-
dictive of future zBMI among their prepubertal children. More in-depth exploration of parenting practices and their
potential impact on pediatric weight is needed.
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Introduction

Approximately 30% of Canadian children are living with
overweight or obesity [1]. These children are more likely
to suffer from dyslipidemia, hyperinsulinaemia, high
blood pressure, and other chronic medical conditions
during childhood [2, 3]. They are also significantly more
likely to become adults with obesity [4]. Because nearly %
of Canadian children already have overweight or obesity
when they enter preschool [5], a better understanding of
the early childhood environment is needed to understand
the social and familial contexts that are associated with
excess adiposity. In particular, parenting practices and
parenting styles may provide insights that could inform
prevention efforts. Parenting practices are specific behav-
iours and interactions between parent and child and
occur along a continuum (such as the degree to which
parents punish their child for misbehaving). In contrast,
parenting styles group the constellation of parenting
practices into mutually-exclusive classifications [6].

Of the four largely agreed upon general parenting
styles (authoritative, authoritarian, permissive, and unin-
volved), the authoritative parenting style is consistently
associated with successful socialization and cognitive
development in children [7, 8]. However, there are con-
siderable gaps in our understanding of how parenting
styles affect physical health outcomes. While cross-sec-
tional studies consistently report an association between
authoritative parenting style and lowest body mass index
(BMI) z-scores, the longitudinal relationships are less
clear [9-14]. Additionally, preliminary evidence suggests
that there is a bidirectional, dynamic interrelationship
between parenting and child weight: children with obe-
sity are described as having a more difficult temperament
than non-obese children by their parents [15, 16], which
in turn may affect the parents’ parenting styles. While the
underlying parenting practices occur along a continuum
varying in demandingness (the degree to which parents
set expectations and enforce boundaries) and responsive-
ness (the degree to which parents demonstrate warmth
and affection), parenting styles classify these parenting
practices into four mutually exclusive parenting styles.
These categorizations overlook the variation of parenting
practices within a parenting style, which may be further
compounded when exploring the relationships over time.
Thus, investigating the underlying parenting practices
may reveal important longitudinal information that the
parenting style categorizations may overlook. The pri-
mary objective of this study was therefore to investigate
the bidirectional, longitudinal relationship between par-
enting practices and children’s body mass index (BMI)
z-scores. A secondary objective was to investigate the
bidirectional, longitudinal relationship between parent-
ing styles and children’s BMI z-scores.
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Materials and methods

This study utilized data from the Quebec Longitudinal
Study of Child Development (QLSCD), a large, prospec-
tive birth cohort initiated in 1998 (n=2,120) with 13
waves of data collection over 16 years. The study meth-
odology is previously published [17] and briefly described
here. The QLSCD cohort was initiated by the Institut de
la statistique du Québec, and is a representative sample
of singleton births in Quebec. Children were identified
from the 1997-1998 Quebec live birth registry. Those
born before 24 or after 42 weeks’ gestation, of unknown
gestational age, or from Cree and Inuit territories were
excluded (~ 4% of live births). The remaining target popu-
lation was randomly sampled using a multistage cluster
sampling design resulting in a sample of 2,120 children.
Data were collected annually (1998-2005) and biennially
(2005-) in the participant’s home (16 years of follow-up,
in 13 data collection waves). The person who was most
knowledgeable about the child (>95% the mother) com-
pleted self-administered questionnaires and interviews
with trained study staff. For this secondary data analysis,
only the data collection waves in which either the main
predictors of interest (parenting practices or parenting
styles as described further), or the outcome of interest
(BMI z-scores) were collected were used. The study was
approved by the Direction Santé Quebec of the Institut
de la statistique du Quebec and the Université de Mon-
tréal ethics committees. Parents signed informed con-
sent and children provided verbal assent. This secondary
data analysis was approved by Concordia University’s
(#30013495) ethics committee.

Parenting practices
When the child was aged 6, 8, 10, and 12 years, moth-
ers were asked 14 questions which assessed whether
their interactions with their child were positive (e.g.,
“How often did you do something special with him/her
that he/she enjoys”), negative (e.g., “How often did you
get angry when you were punishing him/her”), or lenient
(e.g., “How often did he/she get away with things you felt
should have been punished”) on five-point Likert scales
(response options: never, less than half the time, about
half the time, more than half the time, all the time). These
were adapted sub-items from a reliable, internally con-
sistent pre-existing measure of parenting practices [18].
In order to identify the parenting practices, the
mother—child relationship items were entered into an
exploratory factor analysis separately for each data col-
lection wave. Due to the correlated nature of the fac-
tors, a promax rotation was used. Items with factor
loadings <0.40 were excluded, resulting in a final set of
10 items. From the factor analysis, three latent parent-
ing practice factors based on eigenvalues above one
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were identified: (a) physical disciplinarian behaviours
(e.g.: “How often did you grab firmly or shake your child
when he/she was difficult?, n=3 items), (b) leniency (e.g.:
“When your child broke the rules or did things that he/
she was not supposed to, how often did you: ignore it, do
nothing?’, n=4 items), and (c) responsiveness (e.g.: “How
often do you and your child talk or play with each other,
focusing attention on each other for five minutes?’, n=3
items) [19].

Parenting style

Starting with the factor scores, a scaled score was calcu-
lated for each parenting practice, and a cluster analysis
grouped similar observations together. Different cluster-
ing methods were tested such as hierarchical methods
(e.g., complete and Ward) and k-means. The agglomera-
tive coefficient was used to compare these different hier-
archical methods. While the Ward method was identified
initially as the best hierarchical clustering method, it was
inferior to k-means based on their average silhouette
widths. Thus we used k-means clustering for each data
collection wave. The labeling of the clusters (authorita-
tive, authoritarian, permissive, uninvolved) were based
on their methodological descriptions in the literature
[7, 19]. For instance, the ‘permissive’ parenting style was
identified as the cluster with the lowest average discipli-
narian parenting practice, and highest permissive parent-
ing practice.

Body mass index (BMI)

Children’s height and weight were directly measured by
trained staff when the children were approximately 6, 8,
10, and 12 years of age. Height was measured to the near-
est 0.1 cm with a standard measuring tape, and weight
to the nearest 0.1 kg with a calibrated spring scale. Both
were measured in duplicate, and if the first two meas-
urements differed by more than 0.5 cm (for height) or
0.2 kg (for weight), a third measurement was collected.
The average of the two closest measurements was used
to calculate and compare BMI to same-age and same-
sex growth curves [20]. The child’s BMI was converted
to z-scores using the World Health Organization growth
curves [20]. Whether the child had obesity (BMIz-score
of >2) or whether the child had overweight or obesity
(BMI z-score of>1) as outcomes were assessed in a sen-
sitivity analysis.

Covariates

Covariates included: the child’s sex, age, whether the child
was the first-born in the family, whether the mother had
at least a high school diploma at baseline, and whether
the household was currently considered low-income.
Income was based on the mothers’ reports of total family
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income for the previous year and was compared to low-
income cut-offs as defined by Statistics Canada (which
adjusts for geographic region and size of the household)
[21]. All variables (with the exception of mother’s educa-
tion at baseline, whether the child was the first born, and
the child’s sex) were treated as time-varying.

Statistical analysis

Analyses were conducted with SAS 9.4 and MPLUS 8.1.
Cronbach’s alphas were assessed for each factor score at
each wave, with reliability assessed in accordance with
the literature [22]. Whether parenting practices were
time-varying was assessed with the intra-class correla-
tion coefficient (ICC) by Shrout-Fleiss [23]. Based on
the factor scores, the temporal and bidirectional rela-
tionships between the parenting practices, and chil-
dren’s BMI z-scores were assessed using cross-lagged
path analyses in a structural equations modelling frame-
work. All analyses adjusted for the covariates previously
described. Missing data were handled with full informa-
tion maximum likelihood (FIML). As FIML preserves
all observations (even when data are missing), analyses
were restricted to participants who had at least one
BMI z-score and at least one mother—child relation-
ship measure completed within the waves regarded
(n=1,602).

Although the bidirectionality of parenting styles and
BMIz over time was explored in path analysis, the covari-
ance matrix was not positive definite and interpretation
of results would be inappropriate. We therefore addition-
ally assessed the bidirectionality between parenting styles
and the risk of having overweight or obesity. However,
parenting styles were not significant for predicting risk
of overweight/obesity in the bidirectional model (data
not shown), and we encountered the covariance matrix
warning in the lagged longitudinal model. Thus we pre-
sent results only for a continuous outcome (BMIz) as our
dependent measure of interest.

Lastly, to explore both concurrent and intertemporal
associations of parenting practices (measured at ages 6,
8, 10, 12 yrs) and the outcome (BMlz: ages 6, 8, 10, 12
yrs), two separate mixed models with FIML were tested.
The first model maintained parenting practices as time-
varying and examined the relationship within the same
wave. The second model tested for parenting practices’
lagged effects on BMIz two years later. These models
were repeated with parenting styles as the primary pre-
dictor of interest. Consistent with conventional lagged
models where the number of time points originally avail-
able is reduced by the number of lags employed, the first
and last data collection waves were omitted. Results were
pooled for the final parameter estimates.
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Results

Characteristics of the study sample are presented
(Table 1). Approximately 51% were female, and mean
BMI z-scores at age 6, 8, 10, and 12 yrs were 0.17, 0.19,
0.58, and 0.57, respectively. All factor scores for parenting
practices (physical disciplinarian behaviours, n=3 items;
leniency, n =4 items, and responsiveness, n=3 items had
acceptable psychometric properties (a>0.60) except the
permissive parenting practice at age 10 and 12 waves
(Cronbach’s « of 0.58 and 0.50, respectively). As the par-
enting practices were identified from factor scores, only
standardized values are produced (mean values of 0) at
each wave. However, the ICC for parenting practices was
moderate (range: 0.37-0.49), suggesting that the under-
lying parenting practices were time-varying. The largest
proportion of parenting styles at each wave was consist-
ently authoritative (approximately 40%). Because the
parenting styles were identified based on their relative
cluster scores of the underlying parenting practices, the
alignment between parenting practices and parenting
styles were consistent with each other over time by defi-
nition. For instance, parents who had an authoritarian
parenting style were by definition, those with low respon-
siveness, low leniency, and high disciplinary behaviours.
However, the mean scores of parenting practices in
parenting styles changed over time, reflecting the time-
dependent nature of these behaviours based on the age of
the child (data not shown).

Estimates for testing the cross-lagged bidirectional
structural equation model are provided (Table 2); fit
statistics were good (RMSEA=0.052, CFI=0.929,
SRMR=0.032). Leniency when the child was 6 years
of age was marginally associated with higher zBMI two
years later (B=0.07, p=0.05), as was the responsiveness

Table 1 Descriptive statistics (n=1,602)
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when the child was 8 years of age (B=0.06, p=0.01). In
contrast, using strong disciplinarian behaviours when
the child was 8 years of age was associated with lower
zBMI two years later (B=-0.06, p=0.01). However, when
assessing the bidirectional relationship between chil-
dren’s BMI z-score on parenting practices, only zBMI at
age 6 yrs was marginally associated with responsiveness
two years later (B=0.03, p=0.06).

The longitudinal (with and without a 2-year lag) effects
of parenting practices on BMIz in linear mixed models
are presented (Table 3). Indeed from these mixed mod-
els, greater leniency and responsiveness increase the chil-
dren’s BMI z-scores two years later. These results were
consistent with the sensitivity analysis of parenting prac-
tices and the risk of having overweight/obesity (results
not shown). In contrast, parenting style did not predict
BMI z-scores in time-varying, linear mixed models. Par-
enting style with a two-year lag similarly did not predict
BMI z-scores.

Discussion

To our knowledge, this is the first study to utilize a large,
representative, longitudinal cohort with measured height
and weight to assess the dynamic, bidirectional relation-
ship between parenting practices and parenting styles
with Canadian children’s BMI z-scores. Results support
a dynamic relationship as the lagged effects from par-
enting practices differed across time as the child aged.
This is consistent with one of the findings from a recent
systematic review of prospective cohort studies inves-
tigating the relationships between parenting practices,
parenting styles, and children’s weight [24]. For instance,
in our study, lenient and responsive parenting practices
were associated with lagged BMI z-score increases, but

Age 6 Age 8 Age 10 Age 12
Females? 51%
First-born® 41%
No post-secondary education (mother)® 43%
Age 6.15 (0.25) 8.15(0.26) 10.15 (0.26) 12.14 (0.25)
ZBMI 0.17 (1.15) 0.19 (1.25) 0.58(1.17) 0.57 (0.20)
With obesity (BMIz-scores >2) 20% 23% 33% 34%
Below the low-income thresholds 16% 15% 11% 13%
Parenting style
Authoritarian 22% 20% 11% 8%
Authoritative 39% 42% 41% 41%
Uninvolved 20% 23% 29% 36%
Permissive 19% 15% 19% 15%

#Mean (SD) unless indicated otherwise
b Measured at baseline
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Table 2 Bidirectional cross-lagged (2-years) relationships between parenting practices and children’s BMI z-scores from a structural

equation model

Lagged effect of parenting practices on zBMI

zBMl at age 8
B (SE)

-0.005 (0.030)
p=086

Lenient 0.066 (0.033)
p=0.05

0.024 (0.031)
p=044

Lagged effect of zBMI on parenting practices

Disciplinarian

Responsive

Disciplinarian two years later
B (SE)

0.020 (0.020)
p=0232
0.025 (0.017)
p=0.13

-0.011(0.018)
p=0.54

zBMl at age 6
zBMI at age 8

zBMl at age 10

zBMl at age 10 zBMl at age 12
B (SE) B (SE)

-0.055 (0.022) -0.015(0.018)
p=0.01 p=0.39
0.039(0.022) -0.020 (0.017)
p=0.09 p=0.25

0.056 (0.022) 0.001 (0.017)
p=0.01 p=0.96

Lenient two years later
B (SE)

Responsive two years later
B (SE)

-0.008 (0.020) 0.034(0.019)
p=068 p=006
-0.002 (0.019) -0.016 (0.016)
p=092 p=034
0.029 (0.019) 0010 (0.018)
p=0.13 p=056

Model adjusted for age, sex, income sufficiency level, mother’s education at baseline, and whether participant was first born

Fit statstics: RMSEA =0.052, CF1=0.929, SRMR=0.032

Table 3 Parenting practices and parenting styles on predicting
children’s BMIz-scores in linear mixed models

No lag? 2-year lag*?

Parameter Estimate (SE) p Estimate (SE) p

Model 1: Parenting practices

Disciplinarian 0.01(0.02) 038 -0.02 (0.02) 0.21
Lenient 0.01 (0.01) 0.59 0.03 (0.01) 0.04
Responsive 0.002 (0.02) 0.91 0.03 (0.02) 0.02
Model 2: Parenting styles

Authoritative Reference Reference

Authoritarian 0.02 (0.04) 0.60 -0.03 (0.03) 0.36
Uninvolved -0.02 (0.03) 0.58 -0.04 (0.03) 0.17
Permissive -0.003 (0.03) 092 0.02(0.03) 049

2 All models adjusted for age, sex, income sufficiency level, mother’s education
at baseline, and whether participant was the first born

b Due to the nature of FIML preserving all observations, the first and last wave
were omitted

only when the child was younger. This may also explain
why the psychometric properties of ‘permissive’ par-
enting practices when children were older were low.
As children age, using standard measures of parenting
practices based on younger children populations may
not be reliable. In addition, perhaps rather than general
parenting, measures that are focused on the context of
food and feeding (such as parental feeding practices and
parental feeding styles) are more pertinent to children’s
obesity risk. Indeed, parental feeding style that is overly

permissive (indulgent) is associated with increased chil-
dren’s BMI z-scores and greater risk for obesity [25-28].
Importantly, while responsive feeding (such as recogniz-
ing a child’s satiety cues) is in theory part of the frame-
work of broader responsive parenting practices and
parenting styles [29], they are not always congruent with
one another in practice [13, 30]. Relatedly, the literature
has found that lenient households may have the most
obesogenic home environments (such as greater avail-
ability of sugar-sweetened beverages and less restricted
screen time) [31] but further research on this is needed.

The results from this study may additionally reflect
how parenting practices and level of supervision changes
based on the child’s developing autonomy and independ-
ence. Preliminary evidence from the literature suggests
that the relationship between parent and child can be
moderated by other factors, such as the child’s BMIL In
contrast, we found no evidence of a bidirectional rela-
tionship between parenting practices and children’s BMI
z-scores. Indeed, results suggested that the directionality
of effects is mainly from parenting practices to zBMI, and
the effect of children’s zZBMI on parenting practices was
minimal.

No significant relationships were detected when inves-
tigating parenting styles and BMI z-scores. While the
cross-sectional literature has consistently reported rela-
tionships between parenting style and children’s BMI
z-scores [32], the longitudinal studies are limited and
mixed [9, 11, 33-35]. Many of these studies had follow-
up of 4-years or less, had small samples, or samples that
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were not generalizable. In contrast, our study analyzed
data from a large, representative sample with follow-up
of six years. As our results suggest that parenting prac-
tices and parenting styles are dynamic and change as
the child ages, the absence of ill health effects may be a
reflection that indeed classifying parenting practices into
four mutually exclusive parenting styles oversimplifies
the relationship between parent and child. However, the
bidirectionality and lagged effects of parenting styles and
BMI z-scores or the risk of having overweight/obesity
could not be fully investigated due to evidence of a singu-
lar covariance matrix for some of the parenting styles in
the later waves. As this was a large, representative longi-
tudinal cohort study with parenting style variability over
time, only much larger studies may be able to address this
methodological constraint.

This study is not without its limitations. With the
exception of height and weight which were measured
by study staff, many of the other relevant measures were
based on parental report. Statistical approaches such as
factor analysis and clustering were then used to identify
parenting styles. While these are common approaches
to identify latent constructs [36], the identification of
the constructs are data-dependent. Nevertheless, these
approaches were utilized as we were able to assess mul-
tiple constructs simultaneously. Alternative statistical
approaches (such as latent class analysis) would have
required us to analyze each construct separately and
are also data-dependent. Direct observations of parent-
ing style would have been more objective and definitive.
However, such objective measures of parenting style
over 16 years of follow-up would not have been feasible.
As study participants completed questionnaires cover-
ing a broad range of topics lasting several hours every
1-2 years, concern for consistent, purposeful under- or
over-reporting due to social desirability was diminished.
Although consistent with other longitudinal studies,
losses to follow-up were noted [37]. Thus we utilized
FIML, a methodology that is mathematically equiva-
lent to multiple imputation [38] to address missing data
issues. The cohort is representative of Quebec youth,
but may not be reflective of the entire Canadian youth
population. In particular, Indigenous populations were
not included in this cohort. Although Indigenous popu-
lations represent less than 5% of the Canadian popula-
tion, they are especially vulnerable to obesity risk and
should be further assessed in future studies. In particular,
measures that are culturally sensitive and appropriate are
needed as the existing parenting style measures may be
overly focused on western societies and ideals.

We were unable to assess paternal parenting practices,
nor the effects of convergent vs. divergent maternal and
paternal parenting practices and parenting styles since
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only one parent (primarily mothers), completed the ques-
tionnaires. This also limited our ability to investigate the
influence of, or comparison between parenting prac-
tices/styles to the family from a systems perspective. In
particular, family functioning and home environment/
organization may be related to the parent—child interac-
tions and incorporate complementary/additional features
of the home environment [39, 40]. Thus unmeasured
confounding of the home environment as well as the
larger social environment (including daycare and school)
is likely and results should be interpreted with the scope
of a single aspect of the social environment. Although
we adjusted for socioeconomic status (via household
income), unmeasured confounding through more proxi-
mal variables such as food insecurity or poor food avail-
ability may help explain the relationships and should
be further studied. Although the study is a representa-
tive birth-cohort of Quebec children, race/ethnicity was
relatively homogeneous. As the relationships may differ
based on race/ethnicity and sex [35], future studies con-
ducted among more diverse populations are needed. For
instance, a recent systematic review noted the strength
of association between food insecurity and children’s risk
for having overweight or obesity was dependent on sex
and age [41]. The cohort used for our analysis was origi-
nally created to investigate longitudinal predictors of
academic performance. Thus, data pertinent to this sec-
ondary data analysis were more limited in scope. Future
prospective cohort studies in which parenting practices,
feeding styles, as well as the proximal variables of the
home, school, and larger social environment are needed.

Conclusions

By utilizing a large, prospective birth cohort of Quebec
youth with 13 waves of data collection, this study is the
first to use a representative sample of Canadian children
to investigate the longitudinal associations between par-
enting practices, parenting styles and children’s zZBMI and
overweight/obesity risk. The complex, changing inter-
actions between parent and child were incorporated by
testing the bidirectional, time-varying, and lagged fea-
tures into the analysis. Results indicate that the effects of
parenting practices on children’s BMI z-scores are lagged
and differential, but not bidirectional. As the home is the
first and primary social environment for children, this
study reinforces the impact of the parent—child dynam-
ics that is critical to children’s health during the devel-
opmental years. Further research on preventive care
targeted at the family system is needed.
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