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Abstract

Background: It has been generally assumed that activity-related parenting practices influence children’s activity
behavior and weight status. However, vice versa parents may also change their parenting behaviors in response
to their perceptions of their child's activity behavior and weight status. This study examined the bidirectional relationships
between activity-related parenting practices, and physical activity, sedentary screen-based behavior, and body mass index
(BMI) between children’s age of 5 and 7 years.

Methods: Three scales of the Activity-related Parenting Questionnaire (i.e. ‘restriction of sedentary behavior', ‘stimulation of
physical activity’, and ‘monitoring of physical activity’) were completed by 1694 parents of the Dutch KOALA Birth Cohort
Study at the child’s age of around 5 and again around age 7. Physical activity, sedentary screen-based behavior and BMI
were measured at both ages as well. Linear regression models were used to estimate the bidirectional associations
between each parenting practice and the child’s physical activity levels, sedentary screen-based behavior and BMI z-scores.

Results: Several parenting practices at age 5 predicted child physical activity, sedentary screen-based behavior, and BMI
z-scores at age 7. Restriction of sedentary behavior positively predicted child BMI and sedentary screen-based behavior,
whereas this practice negatively predicted child physical activity. In addition, stimulation of physical activity at age 5 was
significantly associated with higher levels of child physical activity at age 7. The following child factors at age 5 predicted
parenting practices at age 7: Child physical activity positively predicted parental stimulation of physical activity
and monitoring activities. Sedentary screen-based behavior was associated with lower parental stimulation to be active.

Conclusions: Findings generally revealed that parents and children mutually influence each other's behavior. A reinforcing
feedback loop was present between parental stimulation of physical activity and child physical activity. Bidirectional parent-
child interaction should be considered in future research in order to properly inform parenting-related intervention
programs aimed at preventing or treating childhood overweight or obesity. System dynamic methods to explore
the existence of reinforcing or balancing loops are needed in this regard.
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Background

Parenting practices are content-specific acts of parenting
[1], such as rules about activity behaviors. The literature
on parenting and childhood obesity is dominated by
studies about specific food-related parenting practices
[2], whereas physical activity-related parenting practices
are less studied but gaining interest during the last few
years. Xu, Wen & Rissel [3] conducted a review about
associations of parental influences with children’s phys-
ical activity and screen time, and found that parental en-
couragement and support increase children’s physical
activity. In addition, reducing parents’ own screen time
can lead to decreased child screen time. Earlier, two re-
views were conducted on the then available activity-
related parenting practices measures and associations
with either physical activity or screen time [4, 5]. They
found mixed evidence regarding the association between
activity-related parenting practices and child physical ac-
tivity and screen time [4, 5]. Despite limitations in exist-
ing studies, findings from a previous systematic review
concluded based on their systematic review that sup-
porting physical activity behaviors (including modeling)
were positively related to children’s physical activity
levels [5]. However, previous research hypotheses have
been largely unidirectional, assuming that parenting
practices induce child behaviors. In addition, most of
these studies were cross-sectional in nature and there-
fore causality could not be assessed [5].

‘The chicken or the egg’ causality issue has hardly been
addressed in the study of parent-child interactions in the
development of childhood obesity. A few researchers
tried to disentangle this issue in the parental feeding do-
main (e.g., [6-9]) (although solely with child BMI as a
predictor and outcome and not dietary behavior), but
studies that address microsystem dynamics with regard
to activity-related parenting are lacking to date. The
studies of parent-child interaction in the feeding domain
found that food parenting practices were often influ-
enced by the child’s weight status, in addition to the
food parenting practice influencing the child’s weight
gain [7-9]. Despite these findings, the energy balance-re-
lated parenting literature is dominated by studies character-
izing parents as the agents acting upon the child, without
considering children’s influence on parents [10, 11].

The aim of this study was to examine bidirectional as-
sociations between activity-related parenting practices
(i.e., restriction of sedentary behavior, stimulation of
physical activity, and monitoring of child physical activ-
ity), child physical activity and sedentary screen-based
behavior, and parental perception of child weight status
at age 5 and age 7. Based on previous food-parenting
studies, we hypothesized parenting practices to be a re-
sponse to child activity behavior and Body Mass Index
(BMI), in addition to being a cause. The longitudinal design
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made it possible to examine the bidirectional nature of the
parent-child dynamics: whether activity-related parenting
practices predicted change in child activity behavior and
BMI; or whether child activity behavior and BMI predicted
change in activity-related parenting practices.

Methods

Data collection and participants

Data were collected within the KOALA Birth Cohort
Study in the Netherlands (described elsewhere) [12].
Briefly, from 2000 onwards, healthy pregnant women
from the general population who participated in an
existing cohort study on pregnancy-related pelvic girdle
pain were recruited (N = 2343; referred to as the ‘con-
ventional’ recruitment group). In addition, healthy preg-
nant women with an ‘alternative’ lifestyle with regard to
dietary habits (e.g., preferring organic foods), vaccination
programs and/or antibiotics use (N = 491; referred to as
the ‘alternative’ recruitment group) were recruited through
several ‘alternative’ circles like anthroposophical physician
offices and midwives, and organic food shops. All partici-
pants (N = 2834) were enrolled between 14 and 18 weeks
of gestation and completed questionnaires during preg-
nancy and at regular intervals after birth. Informed consent
was signed by all parents, and ethical approval was ob-
tained from the Maastricht University/University Hospital
Maastricht medical ethics committee.

For the current study we used data from the measure-
ments around the child’s age of 5 and again around age
7. In total, 2061 participants (72.7% of the initial cohort)
completed the questionnaire around age 5 and 1810 par-
ticipants (63.9% of the initial cohort) completed the
questionnaire around the child’s age of 7. Of those, 1694
completed the child’s parent-reported physical activity
behavior questions and/or the activity-related parenting
practices at both measurements. Children that were in-
cluded in the final analyses had a somewhat higher BMI
z-score at age 7 compared to children not included
(-0.32 vs. -0.53, p-value = 0.03). There was no other se-
lective drop-out (all p-values >0.05) with regard to re-
cruitment group or other child or parental background
characteristics. Child mean (SD) age during the first
measurement around age 5 was 5.00 (0.53) years (range
3 to 6 years), and during the second measurement
around age 7 was 7.17 (0.65) years (range 5 to 8 years).

Measures

At both measurements similar questions were asked re-
garding activity-related parenting practices, child physical
activity behavior and child weight and height.

Activity-related parenting practices
We used the Activity-related Parenting Questionnaire
[13], which was based on the Child Feeding Questionnaire
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[14] and adapted to assess physical activity and sedentary
screen-based behavior parenting practices. Three scales
from this questionnaire were used for the current study:
‘restriction of sedentary behavior’ (assessing the extent to
which parents restrict their child’s access to sedentary ac-
tivities; 7 items), ‘stimulation to be physically active (asses-
sing the extent to which parents encourage their child to
be physically active; 3 items)’ and ‘monitoring activity
(assessing the extent to which parents oversee their child's
physical activity; 2 items)’. In the current study we decided
to delete the item ‘As a reward for good behavior, I put on
a nice video/DVD/computer game for my child’ originally
belonging to the scale labeled ‘restriction of sedentary be-
havior’. This item was dropped prior to the analyses based
on potential mismatch with this scale. For all three scales,
a five-point Likert scale has been used ranging from 1
(Completely disagree) to 5 (Completely agree) for ‘restric-
tion of sedentary behavior’ and ‘stimulation to be active;
and ranging from 1 (Never) to 5 (Always) for ‘monitoring
activity. The items used to assess these activity-related
parenting practices and the corresponding Cronbach’s al-
phas at both measurements are listed in Table 1. Intercor-
relations between the different parenting practices were
low to moderate, ranging from 0.19 to 0.33.

Child activity behavior and body mass index

Children’s activity behavior was assessed using questions
based on a standard questionnaire for measuring activity
behavior, used in Dutch Youth Health Care [15]. Parents
were asked on how many days in a normal week during
the last 4 weeks their child went to school by bicycle or
on foot, had played sports at a sports club, and had
played outside (outside school hours). A second question
assessed the average duration of each of these activities,
with five predefined answering categories ranging from
half an hour or less, to 3 h or more. Based on the as-
sumption that there is a linear association between phys-
ical activity and parenting practices [5], we recoded the
answer scale to calculate the average time of these activ-
ities. Half an hour or less was recoded into 15 min, half
an hour to 1 h into 45 min, 1 to 2 h into 90 min, 2 to
3 h into 150 min and finally, 3 h or more into 181 min.
For the item ‘child went to school by bicycle or on foot’
answering categories were similar as above for age 7, but
different for the measurement at age 5. The answering
categories at age 5 for this item were: shorter than
10 min (recoded into 5 min), 10-20 min (recoded into
15 min), 20—30 min (recoded into 25 min), half an hour-
1 h (recoded into 45), and more than 1 h (recoded into
61 min). The duration and number of days were multi-
plied to calculate the number of minutes spent on a par-
ticular activity per week. The number of minutes spent
on the various activities were then added up to calculate
the total number of minutes of physical activity per

Page 3 of 9

week, which was divided by 7 to get the average time (in
minutes) the children were physically active per day.
Sedentary screen-based behavior was assessed in a simi-
lar manner, asking parents about their child’s television
watching (including videos and DVDs) and computer
playing (including game consoles). A similar approach
was followed as for physical activity to calculate the
number of screen hours per day.

During both measurements, parents were asked to re-
port their child’s weight and height (measured without
shoes and clothes, specified to one decimal), in order to
calculate the child’s BMI (weight (kg)/(height (m)?). BMI
was then recoded into BMI z-scores compared to the
1997 national reference population (i.e., the Fourth
Dutch National Growth Study) [16]. BMI z-score > 85th
percentile was considered to indicate overweight and a
BMI z-score > 95th percentile was considered to indicate
obesity [17]. Anthropometric scores were systematically
checked for plausibility using the following procedure.
All outliers (z-scores >3, i.e. more than 3 standard devia-
tions from the mean) for height, weight and BMI were

Table 1 Descriptive and scale information of the activity-related
parenting practice scales (N = 1694)

Activity-related parenting practices Cronbach’s alpha;

Mean (SD)

Age Age

5years 7 years
Restriction of sedentary behavior 0.71; 0.72;

- | have to be sure that my child does not... 3.00 312
* ...watch too much television. (0.76) (0.75)
* ...play too many computer games.
- If I did not guide or regulate my child’s activity
behavior, (s)he would..
* watch too much television or play too many
computer games.
* not get enough physical activity.
* be sedentary a lot (or play without being
physically active).
- | intentionally keep my child away from the
television or computer.

Stimulation to be active 0.58; 0.56;

- If my child says “I don't feel like walking or 4.26 445
bicycling to there”, I try to get him/her to do (0.65) (0.53)
this anyway.

- | have to be careful that my child gets enough
exercise.

- | make sure that my child travels actively on
foot or by bicycle (with or without me) as often
as possible.

Monitoring activity 0.64; 0.57;
How much do you keep track of... 3.94 4.00
- .the amount of television your child watches (0.79) (067)
and how many computer games (s)he plays?
- .the amount of physical activity your child has?

The Corrected-ltem Total Correlations for each of the items were above 0.30;
The item ‘as a reward for good behavior, | put on a nice video/DVD/computer
game for my child’ originally belonging to the scale labeled ‘restriction of sed-
entary behavior’ was already dropped prior to the analyses based on theory;
response scale ranging from 1 (Completely disagree) to 5 (Completely agree) for
‘restriction of sedentary behavior’ and ‘stimulation to be active, response scale
ranging from 1 (Never) to 5 (Always) for ‘monitoring activity
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identified. In addition, longitudinal anthropometric data
were checked for inconsistencies and impossible and highly
unlikely changes (e.g. a child shrinking in height). The out-
liers and inconsistencies were then checked with the original
paper questionnaires. If the outlier could not be corrected
based on this check, it was recoded into a missing value.

Background variables

As child covariates we included birth weight (in grams)
and gender. With regard to parental covariates we in-
cluded employment (i.e., the number of working hours
per week) of the questionnaire completer and partner,
their country of birth, and the highest parental educa-
tional level attained in the household at the child’s age
of 5. Educational level was recoded into three levels
(low, medium and high), in line with international classi-
fication systems [18]. Country of birth was recoded into
‘Netherlands’ versus ‘other’. We additionally included
the recruitment group (‘conventional’ versus ‘alternative’)
as a covariate in all analyses.

Data analyses

Statistical analyses were performed using the statistical
software package IBM Statistics 21. Descriptive statistics
were used for the background characteristics of the sam-
ple. Both internal reliability coefficients (Cronbach’s «)
and Corrected Item—Total Correlations (CITC) were cal-
culated for the scales of the Activity-related Parenting
Questionnaire at both ages. A cut-off point of 0.50 for
Cronbach’s o was used [19]. CITC values above 0.30
were regarded as ‘good’ [20].

To assess the bidirectional associations between activity-
related parenting practices and the child’s physical activity,
sedentary screen-based behavior and BMI, two sets of lin-
ear regression models were conducted. Each set of models
examines one of the two assumed directions of the associ-
ation. The first set of models (A) examined the association
between each of the activity-related parenting practices at
age 5 and child’s physical activity, sedentary screen-based
behavior and BMI z-scores at age 7. The second set (B) ex-
amined the associations between the child’s physical activ-
ity, sedentary screen-based behavior, and BMI at age 5 and
each of the parenting practice scales at age 7. For both di-
rections, three models are presented: Model 1: an un-
adjusted model; Model 2: a model adjusted for covariates
(recruitment group; child birth weight and gender; parental
employment, country of birth and educational level); and
Model 3: a model adjusted for covariates and additionally
for either baseline physical activity, sedentary screen-based
behavior, or BMI z-score (in the models examining parent-
ing practices as a predictor of child behavior and BMI (A)),
or for baseline parenting practices (in the models examin-
ing child behavior as a predictor for later parenting prac-
tices (B)). Controlling for these baseline scores at age 5 in
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this third model allows for examination of the effect of
changes within the dependent variable between ages 5 and
7 years, independent of the child’s baseline scores on the
dependent variable.

Results

Sample characteristics

The percentage boys and girls taking part in the study were
about equally distributed (Table 2). Most families were in-
cluded in the category with the highest education level
achieved (67.8%). The majority of the questionnaires were
completed by mothers (97.6%). The majority of participants
were of Dutch origin (more than 96% for both female and
male caregivers). The children’s mean (SD) physical activity
in minutes per week was 610.81 (394.25) at age 5 and in-
creased to 904.48 (375.42) at age 7. For sedentary screen-
based behavior this was 363.16 (292.19) minutes per week
at age 5 and increased to 553.08 (351.69) at age 7. Mean
(SD) BMI z-score at age 5 was —0.26 (0.99), compared to
-0.32 (0.91) at age 7. To specify, 8.9% of the children were
identified as being overweight/obese at age 5, whereas this
decreased to 6.4% at age 7.

Associations between activity-related parenting practices
at age 5 and child BMI/physical activity/sedentary screen-
based behavior at age 7

For a visual inspection of the significant associations found
between activity-related parenting practices at age 5 and
child BMI, physical activity and sedentary screen-based be-
havior development up to age 7 we refer to Fig. 1a. The par-
enting practice ‘restriction of sedentary behavior’ showed
positive associations with BMI z-score and sedentary
screen-based behavior at age 7 (Table 3), even after correc-
tion for potential confounders and for the child’s behavior at
age 5 (i.e,, for BMI z-score at age 5 when BMI at age 7 was
predicted and for child sedentary screen-based behavior at
age 5 when sedentary screen-based behavior at age 7 was
predicted). In the final model (model 3), the association with
sedentary screen-based behavior was marginally significant
(p = 0.055). Restriction of sedentary behavior was negatively
associated with the child’s physical activity level at age 7.
Stimulation to be active was only related to the child’s phys-
ical activity. Higher scores on stimulation to be active were
significantly associated with an increase of mean scores of
the child’s physical activity 2 years later. In addition, parental
monitoring of their child’s activity was not associated with
children’s BMI, physical activity levels or sedentary screen-
based behavior.

Associations between child BMI/physical activity/
sedentary screen-based behavior at age 5 and activity-
related parenting practices at age 7

For a visual inspection of the significant associations
found between physical activity-related variables at age 5
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Table 2 Sample Characteristics (N = 1694)
Age 5 years Age 7 years

Description n % n % Mean (SD) n % Mean (SD)
Child gender Boy 868 512

Girl 826 488
Questionnaire completer Mother 1652 975 1619 956

Father 38 22 40 24

Unknown/other/NA 4 03 35 2.1
Partner questionnaire completer Mother 33 19 39 23

Father 1492 881 1436 84.8

Unknown/other/NA 169 9.9 219 129
Working hours questionnaire completer 21.25 (9.25)
Working hours partner questionnaire completer 36.71 (12.84)
Education level (highest in household) — Low 72 43

Medium 472 279

High 1145 678
Birth country female caregiver Netherlands 1634 969

Other 52 3.1
Birth country male caregiver Netherlands 1622 963

Other 62 37
Recruitment channel Conventional Alternative 1372 81.0

322 19.0

Total physical activity (minutes per week) 1676 61081 (394.25) 1623 904.48 (375.42)
Active transport to school (minutes per week) 1679 0 (53.11) 1659 108.99 (106.12)
Sports (minutes per week) 1694 4294 (50.82) 1655 12762 (110.23)
Playing outside (minutes per week) 1677 52242 (38530) 1661 669.08 (319.46)
Total sedentary screen-based behavior (minutes per week) 1679 363.16 (292.19) 1659 553.08 (351.69)
Television watching (minutes per week) 1679 315.71 (25845) 1671 417.06 (263.44)
Computer playing (minutes per week) 1681 4739 (91.23) 1665 137.26 (163.50)
Body Mass Index z-scores 1585 —0.26 (0.99) 1446 -0.32 (091)
Weight categories Underweight 132 83 102 7.1

Normal-weight 1312 828 1251 86.5

Overweight 97 6.1 67 46

Obesity 44 2.8 26 1.8

Missings educational level 5, missings BMI (5 years) 109, missings BMI (7 years) 248, missings physical activity (5 years) 18, missing physical activity (7 years) 71,
missing sedentary screen-based behavior (5 years) 15, missings sedentary screen-based behavior (7 years) 35, missings birth country female caregiver 8, missings

birth country male caregiver 10

and activity-related parenting practices development
up to age 7 we refer to Fig. 1b. For child BMI z-
score (Table 4), significant associations were only
found with the parenting practice ‘restriction of sed-
entary behavior” this association was positive in the
unadjusted model (model 1) and the model adjusted
for covariates (model 2). The child’s physical activity
was significantly related to all three activity-related
parenting practices: positive for ‘stimulation to be ac-
tive’ and ‘monitoring activity, and negative for

‘restriction of sedentary behavior’. The association be-
tween physical activity and restriction of sedentary
behavior at age 7 attenuated after adjustment for re-
striction of sedentary behavior at age 5, indicating
that physical activity did not influence change of this
parenting practice between age 5 and 7. The child’s
sedentary screen-based behavior only had a significant
association with stimulation to be active. Parents of
children that were sedentary at age 5 were less likely
to stimulate their child to be physically active at age
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a

3=0.05

Restriction of sedentary BMI z-score

behavior

Stimulation to be active

Physical activity

B=0.05

Sedentary screen-based
behavior

b

Physical activity

B=0.07 Stimulation to be active

Sedentary screen-based
behavior

Monitoring activity

B3=-0.06

Fig. 1 a A visual representation of the significant associations between activity-related parenting practices at age 5 and child’s BMI, physical
activity and sedentary screen-based behavior development up to age 7. Legend: The direction of the standardized regression coefficient is presented in the
figure, only for the third model (adjusted for covariates ‘recruitment group (conventional vs alternative), child gender and birth weight, parental educational
level, employment and country of birth” and in addition for BMI z-score at age 5 in parenting practice-BMI associations, and for either
physical activity sedentary screen-based behavior in the parenting practice-physical activity/sedentary screen-based behavior associations;
red line: unintended effects, green line: intended effects. b A visual representation of the significant associations between physical activity-related variables
at age 5 and activity-related parenting practices development up to age 7. Legend: The direction of the standardized regression coefficient is presented in
the figure, only for the third model (adjusted for covariates ‘recruitment group (conventional vs alternative), child gender and birth weight,
parental educational level, employment and country of birth" and in addition for restriction of sedentary screen-based behavior at age 5 in
the activity-related variables & BMl-restriction of sedentary screen-based behavior association, and for either stimulation to be active or monitoring activity
in the activity-related variables & BMI- stimulation to be active or monitoring activity parenting practice associations; Green line: reinforcing effect, red line:

reactance effect

7. This association remained significant after correct-
ing for potential confounders and considering the
parenting practice ‘stimulation to be active’ at age 5.

Discussion

This study examined the bidirectional associations be-
tween activity-related parenting practices (i.e., restriction
of sedentary behavior, stimulation to be active, and mon-
itoring activity) and the child’s BMI, physical activity
levels, and sedentary screen-based behavior. To date, the
focus in the literature has very much been on activity-
related parenting practices as a risk factor for low levels
of physical activity and high levels of sedentariness
among children or high body weight. Our study reveals
that children influence parenting as much as the other
way around behavior.

In this study we found that child sedentary screen-
based behavior negatively influenced stimulation of
physical activity. In cross-sectional studies such a finding
could easily be misinterpreted as parental stimulation to
be active having a detrimental impact on children’s sed-
entary screen-based behavior, for example when they
push children too much. However, our results suggest

the reverse is true. It thus seems that parents of children
with high levels of sedentary screen-based behavior do
not stimulate their children (anymore) to be physically
active. Parents might reach a point where unsuccessful
efforts te decrease their child’s sedentary time in the
past, have led to decreased self-efficacy to address the
child’s behavior, which in turn influences their parenting
practices [21]. Alternatively, parents might not consider
sedentarity as a problem, or perceive it as an unchange-
able trait of the child.

Parents are additionally responding to child physical
activity levels; parents were more likely to monitor their
child’s activity when the child was already physically ac-
tive. These parents are probably enthusiastic about their
child’s willingness to be physically active and therefore
supporting and motivating their child, which could be
characterized by increased monitoring of their child’s ac-
tivity behavior.

In addition, we found that stimulation of physical ac-
tivity led to higher levels of physical activity, but also
that physical activity was positively related to stimulation
of physical activity. This process can be characterized as
a reinforcing or positive feedback loop. A feedback loop
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Table 3 Association between activity-related parenting practices
at age 5 and child's BMI, physical activity and sedentary screen-
based behavior development up to age 7

Standardized regression coefficients

®)

Activity-related Model BMI z-  Physical Sedentary screen-
parenting practices score  activity  based behavior
Restriction of sedentary 1 0.13%%  —0.25*** 0.07*
behavior 2 0.13%% 023" 008

3 0.05% —-0.17%** 0,05°
Stimulation to be active 1 -002 0.16** 000

2 -002  015"*  -003

3 -0.02 0.12%* 001
Monitoring activity 1 -004 001 -0.05

2 -004 002 -0.03

3 0.00 -0.03 0.00

*p <0.05, ** p < 0.01, *** p < 0.001; a the p-value was marginally significant:
p = 0.055; model 1: unadjusted; model 2: adjusted for recruitment group
(conventional vs alternative), child gender and birth weight, parental educational
level, employment and country of birth; model 3: adjusted for covariates
from model 2 and in addition for BMI z-score at age 5 in parenting practice-BMI
associations, and for either physical activity or sedentary screen-based behavior
at age 5 in the parenting practice-physical activity/sedentary behavior associations;
Explained variances (R2): for BMI: Model 1 = 0.01, Model 2 = 0.06, Model 3 = 0.39;
for Physicalactivity: Model 1 = 0.08, Model 2 = 0.13, Model 3 = 0.21; for Sedentary
screen-based behavior: Model 1 = 0.01, Model 2 = 0.13, Model 3 = 0.38

Table 4 Association between physical activity-related variables
at age 5 and activity-related parenting practices development up
toage 7

Standardized regression coefficients ()

Physical activity related Model Restriction of Stimulation Monitoring

variables sedentary to be active activity
behavior

BMI z-score 1 0.08** 0.04 0.02
2 0.08** 0.04 0.02
3 0.03 0.03 0.02

Physical activity 1 —0.177%%* 0.17%% 0.07*
2 —0.12%%* 0.171%%* 0.07*
3 -0.03 0.07** 0.07*

Sedentary screen- 1 0.00 —0.07** —-0.05

based behavior 5 002 009 —004
3 0.00 —-0.06* -0.03

*p < 0.05, ** p < 0.01, ** p < 0.001; model 1: unadjusted; model 2: adjusted for
recruitment group (conventional vs alternative), child gender and birth
weight, parental educational level, employment and country of birth; model 3:
adjusted for covariates from model 2 and in addition for restriction of sedentary
behavior at age 5 in the activity-related variables & BMI-restriction of sedentary
behavior association, and for either stimulation to be active or monitoring activity
in the activity-related variables & BMI-stimulation to be active or monitoring activity
parenting practice associations. Explained variances (R?): for Restriction of sedentary
behavior: Model 1 = 0.02, Model 2 = 0.06, Model 3 = 0.31; for Stimulation
to be active: Model 1 = 0.02, Model 2 = 0.04, Model 3 = 0.20; for Monitoring activity:
Model 1 = 0.01, Model 2 = 0.01, Model 3 =0.16
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is a path along which information can be traced from
one point in a system, and back to the point of origin.
Feedback loops are an essential feature of system dy-
namics modeling [22]. In the current study, we found
strong indications for the existence of such positive feed-
back loops. This is notable, since traditional health be-
havior theories often assume homeostasis or negative
feedback loops: low levels of child PA would lead to par-
ental stimulation, which would lead to more PA. The ex-
istence of positive feedback loops like those uncovered
in the current study, may particularly explain non-
linearity of environment — behavior relationships in the
area of childhood obesity [23]. It may accurately describe
the process where parents and children unintentionally
become caught into a negative spiral from which it is
hard to escape (i.e. more sedentary behavior leading to
less stimulation to be active, in turn leading to even
more sedentary behavior, and so on). However, the find-
ings with regard to stimulation of physical activity and
actual physical need to be interpreted with caution, as
both concepts have a slightly different focus as regards
the type of physical activity (i.e. focus on active travel
versus on physical activity in general, respectively).
Restriction of sedentary behavior was found to have a
detrimental impact on child activity-related and BMI
outcomes; it was associated with an increase of child
BMI and a decrease in child physical activity behavior.
In accordance with the literature about restriction in the
feeding domain, where food restriction could lead to an
increase of children’s desire and intake of forbidden
foods [24], it could be that children who are restricted in
the amount of screen time increase their preferences for
these behaviors and act upon that by being less physic-
ally active. However, we did not find that parents
adapted their restrictive parenting practices to deviations
in child outcomes (i.e. BMI z-score, physical activity,
and sedentary screen-based behavior). It thus seems that
parents do not (further) restrict their child’s sedentary
behavior when their child is overweight or less active.

Study strengths and limitations

This study is unique in its study design. Data were pro-
spectively collected in a large cohort, and activity-related
parenting practices and child physical activity-related vari-
ables were measured similarly on two time points. Al-
though the questionnaires that were used were previously
validated [13, 15], they have been used in only a few studies.
We recommend replication studies using other parenting
questionnaires, investigating the bidirectionality of the asso-
ciation between child outcomes and other parenting prac-
tices (such as parental modeling of activities). Also as
regards behavior other questionnaires, including measures
of other behaviours, might be worthwhile, as our study was
limited to screen-based sedentary activities. Other
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sedentary behaviors such as reading are an understudied
topic. Parental efforts decrease sedentary time might merely
cause shifts from one type of sedentary behavior to another.
Our study is further limited as it relies on self-reports. This
systematic bias may produce spurious results. For instance,
parents are likely to underestimate their children’s weight
and overestimate height, especially if their child was over-
weight or obese, whereas parents of underweight children
tended to overestimate weight [25]. This could be a reason
why our study reported lower percentages of overweight/
obesity (8.9% at age 5 and 6.4% at age 7) compared to the
Dutch reference population of children aged 5-7 (2009:
ranging from 12.8% and 18.8% for overweight and from
2.0% to 3.4% for obesity) [26]. It is likely that the present
study yielded underestimates of associations between the
activity-related parenting practice scales and child physical
activity-related and BMI variables and vice versa, because
of the parental reported nature of this study. This dilution
of effects could also be due to imprecision of measure-
ments and possible misspecification of models through as-
sumptions of linearity. Future efforts should address more
measurement points. While mutual influence between par-
ent and child is a repeated, continuous process of interac-
tions and adaptations, this process may likely be non-linear.
Future studies could also establish whether the time lag of
activity-related parenting practices that influence child
physical activity-related variables is similar or different from
the time lag for child physical activity-related variables to
influence activity-related parenting practices.

Conclusions

This study addresses the importance of conducting
longitudinal research to get insight into the bidirec-
tional nature of parent-child relations with regard to
activity-related behavior. Parents and children are
continuously adapting to each other and future efforts
should make further progress in this area by address-
ing system dynamics in the home setting. The mutual
influence between parents and children in influencing
their activity-related behaviors could lead parents to
unintentionally and unconsciously become caught into
a negative spiral from which it is hard to escape (i.e.,
reinforcing causal loop chains). It is important to give
those parents support as regards raising awareness for
such processes and parenting practices that they
could apply to get their child to become more physic-
ally active.
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