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Abstract: Interventions promoting young children’s healthy energy balance-related behaviours
(EBRBs) should also examine changes in the family environment as this is an important determinant
that may affect the effectiveness of the intervention. This study examines family environmental
effects of the Increased Health and Wellbeing in Preschools (DAGIS) intervention study, and whether
these effects differed when considering three parental educational level (PEL) groups. The DAGIS
intervention was conducted in preschools and involving parents in Southern Finland from September
2017 to May 2018. It was designed as a randomised trial, clustered at preschool-level. Parents of
3–6-year-olds answered questionnaires recording PEL, parental role modelling for EBRBs, and the
family environment measured as EBRBs availability and accessibility. Linear Mixed Models with
Repeated Measures were used in order to detect intervention effects. Models included group by time
interactions. When examining intervention effects separated by PEL groups, models with three-level
interactions (group × time-points × PEL) were evaluated. There was an interaction effect for the
availability of sugary everyday foods and drinks (p = 0.002). The analyses showed that the control
group increased availability (p = 0.003), whereas in the intervention group no changes were detected
(p = 0.150). In the analysis separated by PEL groups, changes were found only for the accessibility
of sugary treats at home; the high PEL control group increased the accessibility of sugary treats
(p = 0.022) (interaction effect: p = 0.027). Hence, results suggest that the DAGIS multicomponent
intervention had a limited impact on determinants for children’s healthy EBRBs, and no impact was
found in the low PEL group.
Keywords: intervention effects; parental role modelling; family environment; availability and
accessibility; energy balance-related behaviors; children; cluster randomised controlled trial; parental
educational level

1. Introduction
Young children’s energy balance-related behaviours (EBRBs), such as physical activity (PA), screen
time (ST), and food intake are highly dependent on the environment in which they spend most of
their time [1,2]. Most Finnish children spend their time in mainly two settings: at home and at early
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childhood education and care centers, hereafter named preschools [3]. In the age 3–6-year-old age
group about 78–86% attend public preschools, the proportion growing as children get older [3].
Preschool and family interventions aiming to promote healthy EBRBs among 3–6-year-olds have
yielded positive effects, mostly on food intake such as increased consumption of fruit and vegetables
(FV) and decreased consumption of sugar-sweetened beverages [4,5], whereas in general fewer effects
have been reported on physical activity [6,7]. The interventions have focused either on one specific
behaviour [8,9], or have been more complex, aiming to change several EBRBs such as reducing sugary
foods and drink consumption and decreasing screen time [7,10,11]. The mixed results of the EBRB
promoting interventions have been discussed, and especially the challenge of reaching parents in
preschool-based family-involving interventions [9,11]. Furthermore, little knowledge exists about how
to reach parents with low socio-economic position or educational level in universal interventions [12,13].
A review of universal interventions in schoolchildren concluded that, in general, interventions have
not changed behaviours of children of low socio-economic position, but rather the gap between socio
economic groups has enlarged [12]. In general, children with a lower parental educational level (PEL)
background are more at risk of ill-health, as children with low PEL backgrounds tend to already have
less healthy EBRBs at preschool-age [14–18].
In interventions the change mechanisms or the pathways behind the intended effects on children’s
health behaviours are not always assessed, or are unknown [19,20]. To get a broader understanding of
these effects, and whether they occurred or not, it is of importance also to evaluate the intervention
effects on the proposed determinants for the EBRBs. This is in line with the Intervention Mapping
(IM) protocol, which proposes that the key determinants need to be defined, in order to allow
development of strategies to change the defined determinants [21]. Therefore, when intervening
in young children’s EBRBs as the final aim, changes in parents’ behaviours, as responsible for the
environment at home, should be equally assessed and evaluated. For example, in the multicomponent
Toy Box preschool family-involving intervention, improvements were reported in several family
determinants for children’s snacking behaviour, even though the intervention had no significant effect
on children’s snacking consumption [22]. The study concluded that, even though several parenting
practices were changed, a wide range of determinants should be influenced in order to influence in
turn children’s snacking behaviour. An additional conclusion was that interventions could benefit
from personalization, since different strategies might need to be used to reach families with different
PEL backgrounds. Although these different strategies cannot be used as universal interventions, it is
important for health equity to analyze whether effects differ with respect to PEL, and thus increase
knowledge of intervention effects [12,20].
The Increased Health and Wellbeing in Preschools (DAGIS) intervention study used the IM protocol
for planning [21]. The protocol, as with other intervention guidelines, emphasizes that a change model
is needed in complex interventions [21,23]. The logic model of change includes the determinants
or mediators which need to be changed, in order to reach the main aims or effects. The main aim
of the DAGIS intervention was to promote 3–6-year-olds’ healthy EBRBs and self-regulation skills.
This was done through a programme run in preschools which also involved families. In addition,
the aim was to produce stronger effects on healthy EBRBs and self-regulation skills among children
with low PEL backgrounds in order to diminish gaps in EBRBs and self-regulation skills that might
exist between children with different PEL backgrounds [24]. In the DAGIS intervention study results
from our needs assessment phase created the determinants of special importance for children with
low PEL. The results of needs assessment were derived from mediation analyses conducted on data
from the prior cross-sectional DAGIS study, results from focus groups with parents and early educators,
and additionally an informal literature review [25–27]. The conducted focus group study and the
survey were based on a socio-ecological framework developed for DAGIS [28]. The mediation analyses
identified parental role modelling and home availability and accessibility of foods, outdoor PA places,
and screens as determinants on which the intervention should focus. These determinants needed to
change to reach a change in children’s EBRBs and self-regulation skills [24]. To get a broader knowledge
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of the intervention effects on children, we therefore need to examine also whether any changes occurred
in defined determinants.
The aim of the study is to explore whether the DAGIS intervention had effect on children’s EBRBs
environment, defined as parental role modelling, and family environment, defined as availability
and accessibility at home. Further, the study aimed to explore whether the effects on parental role
modelling, availability and accessibility differed when dividing parents into groups according to
the PEL.
2. Materials and Methods
2.1. Aim, Design and Setting
The DAGIS intervention study was conducted in Southern Finland during the school year
2017–2018 [29] as a cluster randomised trial at the preschool level. The aim was to promote 3–6-year
old children’s healthy EBRBs and self-regulation skills through activities in both preschools and at
home. Simultaneously, the intervention aimed to have a stronger effect on children with low PEL
backgrounds. Prospective trial registration: ISRCTN57165350 (8 January 2015)
2.2. Recruitment
The recruitment process for the DAGIS intervention study started at the municipality level,
inviting municipalities one by one [29]. The invited municipalities had a high number of preschools
and a large variety in educational and income levels among their inhabitants. Finally, the DAGIS
study included preschools from two municipalities in Southern Finland, both located about 100 km
from Helsinki, and both consisting of an urban city center, surrounded by a wide rural area [29].
In the municipality of Salo, all public preschools participated (n = 29), and in Riihimäki there were
three public preschools which registered their participation as soon as we had informed the preschool
headmasters about the study [29]. In total, 1702 eligible children and their families were invited to
participate in the study. Consent to participate was obtained from parents of 802 children (participation
rate 47%), of whom 85 were siblings. In total, the parents of 698 children filled-in the questionnaires
(79 siblings), which included items related to family environment (response rate 87% of participants).
2.3. Ethical Issues
An ethical approval for the DAGIS intervention study was given by the Helsinki Ethical review
board in Humanities and Social and Behavioral Sciences in May 2017 (22/2017; 16th of May 2017).
The participating families returned their signed informed consent to preschools, prior to the start of
the study
2.4. Data Collection
The baseline data collection started in September 2017 and lasted five weeks; the follow-up
data collection was conducted in April-May 2018, also for five weeks. In each preschool the data
collection took place over one week, as measuring children’s PA and screen time needed one week.
Simultaneously to the measurements conducted on the children, their parents received an electronic
questionnaire by email, including a personal link. Printed copies of the questionnaire were distributed
and collected in closed envelopes through preschools for those parents who had so requested (n = 136).
2.5. Measurements
The original questions and the answer categories of the outcome variables and how these were
formed are presented in detail in Table 1.
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Table 1. Questions on parental role modelling, availability, and accessibility, answer categories, and the formation of the variables used in analyses.
Family Environment

Question

Behaviour/Food Items

Answer Categories

Formation of Variables

Variable in Analyses

Parental role
modelling

About how many hours a
weekday/weekend day do you usually
use electronic devices during leisure time
when your child is around?

Screen time

not at all, less than 30 min,
between 30 min and 1 h, 1–2 h,
3–4 h, and 5 h or more

Conversion into 0, 15, 45, 90,
210, and 360 min for weekday
and weekend separately

A weekly mean (5 ×
weekday + 2 × weekend/7)

During the past week how often did you
consume, when your child was around?

Sugary foods/drinks a

not once, 1–2 times/week, 3–4
times/week, 5–6 times/week,
daily, and more than once a day

Conversion into 0, 1.5, 3.5, 5.5,
7, and 10.5. The two items were
summed up

A mean value

Sugary treats b

not once, 1–2 times/week, 3–4
times/week, 5–6 times/week,
daily, and more than once a day

Asked as one item. Conversion
into 0, 1.5, 3.5, 5.5, 7, and 10.5

Categorical

Fruit/vegetables

not once, 1–2 times/week, 3–4
times/week, 5–6 times/week,
daily, and more than once a day

Conversion into 0, 1.5, 3.5, 5.5,
7, and 10.5 The two items were
summed up

A mean value

Sugary foods/drinks a

never, rarely, sometimes, often,
and always

Each item; min 1, max 5, nine
items summed up

A mean value

Sugary treats b

never, rarely, sometimes, often,
and always

Each item; min 1, max 5, seven
items summed up

A mean value

Fruit/vegetable c

never, rarely, sometimes, often,
and always

Each item; min 1, max 5, four
items summed up

A mean value

strongly agree, somewhat agree,
neither disagree or agree,
somewhat disagree, and
strongly disagree

One item; min 1: strongly
disagree, max 5: strongly agree

Categorical

Availability

Accessibility

How often have you had the following
foods at home during last month?

In our family portable screens (e.g.,
tablets, phones) are kept in sight of
the child
How often during the last month has
your child visited the following places
with at least one adult in the family?

1. Nature/forest 2. Park,
playground 3. Own yard

not once, 1–3 times a month,
1–2 times a week, 3–6 times
week, and daily

Three items; min 1 point, max 5
points summed up

A mean value

If you had the foods and drinks at home
did you keep them in sight of the child?

1. Sugar-sweetened cereals or
muesli (more than 10g/100g
sugar), 2. Sugary juices, 3. Soft
drinks

no or yes

Three items; no = 0, yes = 1,
summed up

A mean value

1. Cookies etc., 2. Sweet
pastries, 3. Chocolate and
sweets

no or yes

Three items; no = 0, yes = 1,
summed up

A mean value

1. Fresh fruits, 2. Fresh
vegetables

no or yes

Two items; no = 0, yes = 1,
summed up

A mean value

a 1. Sugary everyday foods: Yoghurts, quarks etc., plant-based with added sugar, puddings, and sugar-sweetened cereals or muesli (more than 10g/100g sugar), 2. Sugary drinks:
100% juices, juices with added sugar, soft drinks, and berry/fruit soups with added sugar. b Cookies, snack bars (e.g., muesli bars), cakes, muffins, buns and sweet pastry, chocolate and
sweets, and ice cream. c Fruits and/or berries (fresh and frozen), vegetables (fresh and frozen).
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Parents reported their screen time and food consumption role modelling behaviour by responding
to seven questions (please see Table 1). The variables based on the questions were used as mean values
in analyses. The specific variable, parental role modelling for sugary treats, consisted of answers from
one question, and was therefore treated as a categorical variable in the analyses. The questions used
were derived from previous studies exploring parental role modelling [30–32]. If several children from
the same family were included, the parent answered these questions separately for each child.
The availability of separate food items at home was explored in the same questionnaire (see Table 1).
Three variables were formed based on the separate items describing the specific food availability
at home: sugary everyday foods and drinks, sugary treats, and FV. The availability instrument has
been reported in more detail elsewhere [33], and the separate items have showed moderate to good
reproducibility [34]. Items were reported at family level, meaning that only one answer per family was
received and independently accounted for in the analyses if there were several children participating
from the same family.
Accessibility was measured for screen time behaviour, outdoor PA places, and foods (Table 1).
Accessibility of screens was assessed by one question, measuring whether portable screens are kept in
sight of the child. Accessibility of outdoor PA places was measured by three items describing how
often parents visited outdoor PA places with their child. Child’s accessibility to food related to food
visibly kept at home. The answers were grouped into accessibility of sugary everyday food and drinks,
sugary treats, and FV, were then developed for the DAGIS survey study [35], and most of the items
tested showed moderate to good test-retest reliability [34]. The accessibility variables were analyzed at
family level, meaning that only one answer per family was used in the analyses. However, parents
answered separately for each child on the three specific questions about accessibility of outdoor PA
places, and the formed variable was therefore analyzed separately for each participating child.
Parents reported their highest education level by two questions; one for the respondent, and one
where the responding parent reported the educational level of the partner living in the same household.
The variable included three categories: the low PEL category comprising of comprehensive school,
vocational school, or high school; the middle PEL category comprising of bachelor’s degree or college;
and the high PEL category comprising of master’s degree or higher degree. The highest parental
educational level (PEL) in the family was used in the analyses. This variable was chosen as both
parents in the family influence the home environment.
2.6. Confounders
The analyses included confounders: the person who filled in the questionnaire (mother, father,
or other), child’s gender, and the age of the child. In addition, adjustments were made for municipality.
Models related to screens (role modelling and accessibility) were adjusted for the number of screen
devices and paid entertainment services at home that parents reported at baseline (the sum of televisions,
tablets, game consoles, DVD devices, smart phones and paid entertainment services), as the number of
available screens at home can affect the intervention effects.
2.7. Randomization and the DAGIS Intervention Programme
The 32 participating preschools were, using an online programme, randomized into 13 intervention
and 19 control preschools [29]. The DAGIS intervention lasted five months from November 2017 to
April 2018. The programme was divided into five main themes aiming to impact children and their
parents: strengthening self-regulation skills, enhancing PA, promoting FV consumption, reducing
excessive screen time, and restricting the consumption of sugary everyday food and drinks and sugary
treats. The materials have been described in detail elsewhere [24]. Basically, the materials for parents
focused on getting parents to reflect on their own EBRBs as role models for children’s EBRBs, giving
hints on how to change the family environment in order to promote healthy EBRBs, and enhancing
knowledge about healthy EBRBs. The programme also aimed to increase social support between
parents by offering a mobile application based on geographic information system (GIS). The application
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encouraged parents to mark out PA enhancing outdoor places for children in the municipality, and
thereafter share it with other parents. All produced materials were easy to read and the texts were
short, including sentences which were clear and concise. In addition, many of the methods used, such
as doing things together with the child or families supporting each other, have worked well among
low PEL families [36,37].
2.8. Statistical Analyses
Linear Mixed Models with Repeated Measures were used in order to detect intervention effects,
and the comparisons between baseline and follow-up in the intervention and the control group were
presented. In models with quantitative outcomes the normal distribution of the outcomes was checked
for the quantitative variables. For the two categorical variables in the study (parental role modelling of
sugary treats and accessibility of screen devices for the child), a similar mixed model with repeated
measures specific for ordinal variables was used. In all models, adjustments were made for who
filled in the study (mother, father, or other), PEL and municipality. In models with variables derived
at child level (i.e, when parents answered separately for all of their children in the study), models
were also adjusted for gender and age of the child. Preschool and family were used as random
effects. For dependent variables related to screens (parental role modelling and accessibility of screens),
the models were also adjusted for number of devices and screen services at home (televisions, tablets,
game consoles, DVD devices, smart phones and paid entertainment services). The models included
an interaction between the group (control/intervention) and the time-points (baseline/follow-up).
In addition, to be able to detect changes from baseline to follow-up by PEL, models with three-level
interactions were carried out: groups (control/intervention), time-points (baseline/follow-up), and PEL
groups. In the results, in order to underline the intervention effect separated by groups and PEL
groups, we presented the estimated change in the outcome variable between baseline and follow-up.
The calculated power varied from 74.1% to 92.4%.
Missing values in the models were replaced using multivariate imputation by chained equations
(MICE), considering the missing as completely at random [38]. The following independent variables
had missing values: PEL, who filled in the questionnaire, and the age of the child (in models where
parents had answered for each participating child separately) (Supplementary Table S1). In the Mixed
Models, the information for all participants who had data on at least one of the measured outcomes,
at baseline or at follow-up, was considered. All analyses were based on the intention-to-treat principle,
which meant that all participants were included in the analysis on the basis of which group they were
randomized into.
IBM SPSS Statistics for Windows, Version 25.0 was used for descriptive analyses (IBM Corp,
Armonk, NY, USA). Mixed models, mixed models for ordinal variables and multiple imputation
analysis were conducted in R version 3.4.3 using lme4 [39], Ordinal [40] and MICE packages [38],
respectively. For all analyses a 5% statistical significance level was adopted.
3. Results
3.1. Participants
Usually, it was the mother of the child who answered the questionnaire (80%), and most of the
families were two parent families (71%) (Table 2). The distribution of families by PEL was as follows:
about 22% of the families were classified in the highest educational level, 43% were classified as middle
educated, and 31% were classified as low PEL. The mean age of the respondents was about 35.9 years
(SD 5.4), and the age of the child 5.2 (SD 1.0) years. About 47% of the children were girls and 53% boys.
The number of respondents may vary, as some items were answered at family level, whereas
others were answered by the parent separately for each child. The 79 siblings participating in the
study therefore increased the number of responses for certain items: parental role modellings, keeping
screens in sight of a child, and visits to outdoor PA places.
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Table 2. Characteristics of the participants at baseline.
n

Mean ± SD

611

35.9 ± 5.4

N

%

Low

225

31%

Middle

312

43%

Age of the respondent, years

Highest educational level in the family

a

Person who answered the questionnaire

Family type (the child lives with...)

Municipality

Child’s gender

High

159

22%

Mother

567

80%

Father

57

8%

Other guardian

4

1%

both parents

506

71%

only with his/her mother

56

8%

only with his/her father

1

0.1%

his/her mother and her new partner

29

4%

half time with me and half time
with the other parent

24

3%

other adults

3

0.4%

Salo

590

83%

Riihimäki

122

17%

Girl

375

47%

Boy

426

53%

N

mean ± SD *

721

5.2 ± 1.0

Child’s age, years
a

* SD: Standard deviation. low educational level (comprehensive school, vocational school, or high school), middle
(bachelor’s degree or college), high (master’s degree or licentiate/doctor).

3.2. Descriptives of Role Modelling, Accessibility, and Availability
Table 3 shows the descriptors of outcomes at baseline and follow-up for each role model, availability
and accessibility outcome. Supplementary Table S2a,b presents descriptors of the family environment
separated by PEL groups (Table S2a for quantitative variables and Table S2b for categorical variables).
In general, parents used screens for about 75 min/day in sight of the child. Parents reported that they
consumed fruit and vegetables slightly more than 6 times/week, when the child was around.
3.3. Intervention Effects on Role Modelling, Availability, and Accessibility in Control and Intervention Groups
and Changes in Control and Intervention Groups
Table 4 shows the results of intervention and changes in role modelling, availability, and
accessibility from baseline to follow-up in the control and intervention groups. In the control group
the availability of sugary everyday foods and drinks increased from baseline to follow-up (p = 0.003),
whereas no change was detected in the intervention group (p = 0.150). The interaction between group
and time was statistically significant (p = 0.002), showing an intervention effect. No other statistically
significant results were detected for the interaction term group over time. However statistically
significant changes were detected in several behaviours in both groups. Both the control and the
intervention group decreased the number of visits to outdoor PA places (p < 0.001 and p < 0.001).
Similarly, both control and intervention group decreased the accessibility of sugary everyday foods
and drinks (p = 0.006 and p = 0.002). In the intervention group, the estimate of the decrease was −0.14,
whereas the estimate in the control group was −0.11. A borderline significant result (p = 0.052) was
detected in the intervention group in increasing the availability of fruit and vegetables at home. No
other significant results were detected.
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Table 3. Descriptors of outcomes-family environment.
Baseline

Follow-Up

Control

Availability

Accessibility

Control

Intervention

Mean ± SD

n

Mean ± SD

n

Mean ± SD

n

Mean ± SD

383

77.48 ± 53.41

314

76.56 ± 45.47

323

74.69 ± 58.63

255

72.51 ± 42.28

384

2.37 ± 2.33

313

2.22 ± 2.40

324

2.67 ± 2.84

256

2.33 ± 2.47

n

%

n

%

n

%

n

%

not at all
1–2 times/week
3–4 times/week
5–6 times/week
once everyday
more than once a day

101
222
51
7
1
2

26.3%
57.8%
13.3%
1.8%
0.3%
0.5%

86
192
25
5
4
1

27.5%
61.3%
8.0%
1.6%
1.3%
0.3%

76
181
49
12
6
0

23.5%
55.9%
15.1%
3.7%
1.9%
0%

61
147
36
2
9
0

23.9%
57.6%
14.1%
0.8%
3.5%
0%

Fruit and vegetables consumption (times/week)

384

6.30 ± 2.76

314

6.10 ± 2.70

324

6.32 ± 2.68

256

6.10 ± 2.78

341

2.55 ± 0.65

279

2.59 ± 0.61

291

2.64 ± 0.65

228

2.51 ± 0.59

341
341

2.84 ± 0.70
4.11 ± 0.62

279
279

2.83 ± 0.63
4.02 ± 0.67

291
291

2.87 ± 0.65
4.17 ± 0.63

228
228

2.83 ± 0.64
4.11 ± 0.67

384

3.16 ± 0.65

314

3.16 ± 0.66

324

3.04 ± 0.72

255

3.01 ± 0.70

Screen time (min/day)
Parental consumption of sugary everyday food
and drinks * (times/week)
Parental role
modelling in
presence of child

Intervention

n

Parental consumption of sugary treats **

Sugary everyday food and drinks at home *
(1–5)
Sugary treats at home ** (1–5)
Fruit and vegetables at home (1–5)
Visits to outdoor PA places (1–5)
Sugary everyday food and drinks in-sight of the
child * (1–2)
Sugary treats in-sight of the child ** (1–2)
Fruit and vegetables in-sight of the child (1–2)
Parental consumption of sugary treats **
strongly agree
somewhat agree
neither disagree or agree
somewhat disagree
strongly disagree

326

1.02 ± 0.56

265

1.07 ± 0.55

275

1.08 ± 0.49

223

1.02 ± 0.57

318
318

1.21 ± 0.46
1.86 ± 0.27

249
265

1.20 ± 0.44
1.85 ± 0.28

272
278

1.24 ± 0.46
1.83 ± 0.28

215
217

1.21 ± 0.46
1.87 ± 0.26

n

%

n

%

n

%

n

%

158
118
20
25
19

46.5%
34.7%
5.9%
7.4%
5.6%

128
107
17
13
14

45.9%
38.4%
6.1%
4.7%
5.0%

136
102
18
22
12

46.9%
35.2%
6.2%
7.6%
4.1%

93
91
17
14
12

41.0%
40.1%
7.5%
6.2%
5.3%

SD: Standard deviation. * Sugary everyday food and drinks: yoghurts, quarks etc., plant-based products with added sugar, puddings, and sugar-sweetened cereals or muesli (more than 10
g/100 g sugar), 100% juices, sugar-sweetened juices, soft drinks, and berry/fruit soups with added sugar ** Sugary treats: cookies, snack bars (e.g., muesli bars), cakes, muffins, buns and
sweet pastry, chocolate and sweets, and ice cream.

Nutrients 2020, 12, 3387

9 of 17

Table 4. Comparison of parental role modeling, availability and accessibility between baseline and follow-up in control and intervention groups (n = 625–722).
Linear Mixed Models with Repeated Measures
Change between Follow-Up and Baseline in
Control Group
Family Environment

Parental role
modelling

Availability

Accessibility

Screen time (min/day) a,c
Parental consumption of
sugary everyday food and
drinks (times/week) a
Parental consumption of
sugary treats (times/week) a
Parental fruit and vegetables
consumption (times/week) a
Sugary everyday food and
drinks at home (1–5) b
Sugary treats at home (1–5) b
Fruit and vegetables at home
(1–5) b
Portable screens kept in-sight
of the child b,c
Visits to outdoor PA places
(1–5) a
Sugary everyday food and
drinks (1–2) b
Sugary treats (1–2) b
Fruit and vegetables (1–2) b

Change between Follow-Up and Baseline in
Intervention Group

p-Value
Interaction
(Group ×
Time-Points)

Adjusted
Change Mean †

95% C.I. for
Adjusted
Change Mean

p-Value

Adjusted
Change Mean †

95% C.I. for
Adjusted
Change Mean

p-Value

−2.40

(−7.19; 2.40)

0.327

−2.65

(−7.95; 2.66)

0.327

0.945

0.22

(−0.06; 0.50)

0.118

0.17

(−0.14; 0.47)

0.288

0.797

0.27

(−0.04; 0.58)

0.315

0.44

(0.09; 0.797)

0.0.67

0.488

−0.02

(−0.31; 0.26)

0.863

0.04

(−0.27; 0.35)

0.803

0.763

0.09

(0.03; 0.15)

0.003

−0.05

(−0.11; 0.02)

0.150

0.002

0.02

(−0.05; 0.09)

0.657

−0.01

(−0.08; 0.07)

0.888

0.687

0.04

(−0.02; 0.11)

0.204

0.07

(0.00; 0.15)

0.052

0.553

0.02

(−0.28; 0.32)

0.999

0.24

(−0.09; 0.57)

0.476

0.333

−0.12

(−0.19; −0.06)

<0.001

−0.12

(−0.20; −0.05)

<0.001

0.941

−0.11

(−0.19; −0.03)

0.006

−0.14

(−0.23; −0.05)

0.002

0.616

0.06
−0.03

(−0.01; 0.13)
(−0.06; 0.01)

0.094
0.119

−0.04
0.02

(−0.11; 0.04)
(−0.02; 0.06)

0.309
0.357

0.061
0.084

95% C.I. = 95% confidence intervals. PA physical activity. † estimated change between follow-up and baseline for quantitative variables and estimated parameter for the change effect for
the categorical variables “Parental consumption of sugary treats” and “Portable screens kept in-sight of the child”. a models adjusted for parental educational level, municipality, child’s
gender, child’s age, and who filled in the questionnaire. b models adjusted for parental educational level, municipality, and who filled in the questionnaire. c models also adjusted for the
number of screens and screen entertainment services at home.
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3.4. Intervention Effects on Role Modelling, Availability, and Accessibility in Control and Intervention Groups,
and Separated by PEL and Changes in the Control and Intervention PEL Groups
Table 5 shows the results of intervention and changes in role modelling, availability, and accessibility
from baseline to follow-up in control and intervention groups separated by PEL. The interaction over
group, time points and PEL showed statistical significance for accessibility to sugary sweets (p = 0.027)
(see Table 5). An increase in accessibility of sugary treats was observed in the high PEL control group
(p = 0.022), whereas in the corresponding intervention group no change was detected (p = 0.393). There
also seemed to be a decrease in the accessibility of sugary treats in the low PEL intervention group,
but the change was not statistically significant (p = 0.098). The other interactions (groups over time
points over PEL) were not statistically significant.
However, some changes occurred in the PEL groups. In the high PEL control group, there was an
increase in parental role modelling for consumption of sugary everyday food and drinks consumption
by an estimate of 0.60 times per week (p = 0.029). No change was detected in the high PEL intervention
group (p = 0.211).
Both the low and the middle PEL control groups increased the availability of sugary everyday
foods and drinks (p = 0.026 and p = 0.037), even though the estimates were low. No similar results
were observed in low and middle PEL intervention groups (p = 0.663 and p = 0.790). The high PEL
intervention group decreased the availability of sugary everyday foods and drinks (p = 0.028), whereas
no change was detected in the high PEL control group (p = 0.381).
The accessibility to outdoor PA places decreased in the low and middle PEL control groups
(p = 0.018 and p = 0.023, respectively). Similarly, a decrease was found in the middle PEL intervention
group (p = 0.002). A decrease was not detected in the low PEL intervention group, but the p value
was borderline significant (p = 0.056). The interaction was not statistically significant (p = 0.558).
The low PEL control group decreased the accessibility of sugary everyday foods and drinks (p = 0.019),
whereas in the low PEL intervention group no changes were detected (p = 0.174). However, a decrease
in accessibility of sugary everyday foods and drinks was observed in the middle PEL intervention
group (p = 0.001), whereas no change was detected in the middle PEL control group (p = 0.305).
The interaction term was not statistically significant (p = 0.124).

Nutrients 2020, 12, 3387

11 of 17

Table 5. Comparison of parental role modeling, availability and accessibility between baseline and follow-up in intervention and control groups separated by parental
educational level (PEL) (n = 625–722).
Linear Mixed Models with Repeated Measures
Family Environment

Parental role
modelling

Availability

PEL

Comparison between Follow-Up and Baseline in
Control Group

Comparison between Follow-Up and Baseline in
Intervention Group

Adjusted
Change Mean †

95% C.I. for Adjusted
Change Mean

p-Value

Adjusted
Change Mean †

95% C.I. for Adjusted
Change Mean

p-Value

p-Value Interaction (Group ×
Time-Points × PEL)

Screen time (min/day) a,c

low
middle
high

−4.46
−0.09
−4.19

(−13.79; 4.87)
(−7.10; 6.93)
(−13.51; 5.13)

0.349
0.981
0.378

−5.97
0.38
−4.93

(−15.25; 3.30)
(−7.35; 8.12)
(−16.84; 6.97)

0.206
0.923
0.416

0.972

Parental consumption of sugary everyday food
and drinks (times/week) a

low
middle
high

0.12
0.05
0.60

(−0.41; 0.66)
(−0.35; 0.46)
(0.06; 1.13)

0.654
0.807
0.029

−0.07
0.22
0.44

(−0.60; 0.47)
(−0.23; 0.67)
(−0.25; 1.13)

0.801
0.337
0.211

0.715

Parental consumption of sugary treats
(times/week) a

low
middle
high

0.16
0.23
0.46

(−0.42; 0.74)
(−0.21; 0.67)
(−0.12; 1.05)

>0.999
0.998
0.927

0.06
0.60
0.40

(−0.53; 0.65)
(0.11; 1.09)
(−0.36; 1.15)

>0.999
0.395
0.997

0.817

Parental fruit and vegetables consumption
(times/week) a

low
middle
high

−0.21
0.02
0.09

(−0.75; 0.33)
(−0.39; 0.43)
(−0.45; 0.63)

0.451
0.938
0.739

0.32
−0.44
0.69

(−0.22; 0.86)
(−0.89; 0.01)
(−0.004; 1.39)

0.246
0.057
0.051

0.061

Sugary everyday foods and drinks at home (1–5) b

low
middle
high

0.13
0.09
0.05

(0.02; 0.24)
(0.01; 0.17)
(−0.06; 0.16)

0.026
0.037
0.381

−0.02
−0.01
−0.16

(−0.14; 0.09)
(−0.10; 0.08)
(−0.30; −0.02)

0.663
0.790
0.028

0.638

Sugary treats at home (1–5) b

low
middle
high

0.03
−0.003
0.04

(−0.11; 0.17)
(−0.11; 0.10)
(−0.10; 0.17)

0.671
0.950
0.589

−0.04
−0.02
0.10

(−0.18; 0.09)
(−0.14; 0.09)
(−0.07; 0.27)

0.538
0.673
0.255

0.657

Fruit and vegetables at home (1–5) b

low
middle
high

0.01
0.02
0.12

(−0.12; 0.14)
(−0.08; 0.12)
(−0.01; 0.25)

0.907
0.702
0.064

0.08
0.06
0.09

(−0.05; 0.21)
(−0.05; 0.16)
(−0.08; 0.25)

0.211
0.296
0.301

0.738

Portable screens kept in-sight of the child b,c

low
middle
high

−0.12
0.30
−0.26

(−0.69; 0.44)
(−0.15; 0.75)
(−0.83; 0.32)

>0.999
0.980
0.999

0.80
0.05
−0.25

(0.23; 1.37)
(−0.43; 0.53)
(−1.01; 0.51)

0.197
>0.999
>0.999

0.134

Visits to outdoor PA places (1–5) a

low
middle
high

−0.16
−0.11
−0.10

(−0.28; −0.03)
(−0.21; −0.02)
(−0.23; 0.02)

0.013
0.018
0.106

−0.12
−0.16
−0.03

(−0.25; 0.01)
(−0.27; −0.06)
(−0.19; 0.13)

0.056
0.002
0.680

0.558

Sugary everyday food and drinks (1–2) b

low
middle
high

−0.19
−0.06
−0.13

(−0.34; −0.03)
(−0.18; 0.06)
(−0.28; 0.02)

0.019
0.305
0.100

−0.11
−0.22
−0.02

(−0.27; 0.05)
(−0.35; −0.09)
(−0.22; 0.18)

0.174
0.001
0.840

0.124

Sugary treats (1–2) b

low
middle
high

0.11
−0.03
0.15

(−0.02; 0.24)
(−0.13; 0.07)
(0.02; 0.28)

0.108
0.552
0.022

−0.11
0.03
−0.07

(−0.24; 0.02)
(−0.08; 0.13)
(−0.23; 0.09)

0.098
0.624
0.393

0.027

Fruit and vegetables (1–2) b

low
middle
high

0.04
−0.05
−0.06

(−0.02; 0.11)
(−0.10; 0.00)
(−0.13; 0.01)

0.205
0.065
0.074

0.03
0.01
0.01

(−0.03; 0.10)
(−0.05; 0.07)
(−0.07; 0.10)

0.327
0.760
0.748

0.444

Accessibility

95% C.I. = 95% confidence intervals. PA physical activity. † estimated change between follow-up and baseline for quantitative variables, and estimated parameter for the change effect for
the categorical variables “Parental consumption of sugary treats” and “Portable screens kept in-sight of the child”. a models adjusted for municipality, child’s gender, child’s age, and who
filled in the questionnaire. b models adjusted for municipality, and who filled in the questionnaire. c models also adjusted for the number of screens and screen entertainment services
at home.
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4. Discussion
The first aim of the study was to explore whether the DAGIS intervention had an impact on parents
as role models for children’s EBRBs, and whether the family environment, assessed as availability
and accessibility of healthy EBRBs changed. The second aim was to explore whether the intervention
impact differed by parental education in the family.
Overall, intervention effects were low on parental role modelling and the family environment.
The two main intervention results were related to the family food environment, as the availability and
accessibility of foods changed. Firstly, in the intervention group, the availability of sugary everyday
food and drinks at home did not change: meanwhile an unfavorable change, an increase, occurred
in the control group. Secondly, an interaction effect was detected in the PEL-stratified analyses: the
accessibility of sugary treats increased in the high control PEL group, whereas no changes occurred
in the high intervention PEL group. Even though there were no intervention effects, some changes
related to availability or accessibility of foods in the separate PEL groups were pointed out, such as the
increase in availability of sugary everyday food and drinks in the low and the middle PEL control
groups. However, the availability of sugary everyday foods and drinks decreased in the high PEL
intervention group. In addition, the accessibility of sugary everyday foods and drinks decreased in the
middle PEL intervention group, as in the low PEL control group.
The results can be interpreted as the intervention impacting on the main themes in the DAGIS
logic model of change, i.e., the availability of sugary everyday foods and drinks, albeit only modestly
(see [24]). There was no change in the intervention group, whereas the control group increased the
availability of these food and drinks. In the separate PEL groups some changes occurred; there was a
decrease in the high PEL intervention group, whereas the low and middle PEL control groups increased
availability, even though no interaction was detected. Still, the results conflict with the second aim of
the intervention, namely to have higher effects in the low PEL group [24]. Our results showed, similar
to those of other studies [12,13], the challenges of intervening in families with low PEL. At this point
we can only speculate on what can have been the reasons for not producing the aimed effects in low
PEL groups. One reason could be that the activities in the program were not implemented in low PEL
families. In addition, even though there was a focus on developing a programme which would appeal
to low PEL families, these families might not have felt a need for change, or were not motivated to
change, or did not have the self-efficacy for change. Therefore, a comprehensive process evaluation
including the intervention implementation degree by PEL groups is needed, in order to obtain a deeper
understanding of the impact of the intervention by PEL group.
Parental role modelling for eating habits, and the availability of foods have, in many published
studies [33,41–43] and reviews [44–46], shown to be strong determinants for children’s healthy or
unhealthy food consumption. The availability of unhealthy foods at home has also been associated with
unhealthy diet among children, regardless of the availability of healthy foods at home [33,47,48]. In the
control group, the availability of sugary everyday foods and drinks increased and, in addition, in the
high PEL control group parental role modelling for consumption of sugary everyday foods and drinks
increased. This might affect children’s food consumption negatively. The expected mechanism in the
DAGIS logic model of change was that, prior to a change in children’s EBRBs, the primary outcomes,
parental role modelling, home availability and accessibility, need to change [24]. The presumed
pathways to children’s food consumption in the DAGIS intervention study should therefore be tested
further by mediation analyses, as previously discussed [19,20], even though the main effects on
children’s food consumption in the DAGIS study showed no statistically significant results. Still, the
study of intervention effects on children’s EBRBs in the DAGIS study showed a tendency towards
increasing fruit and vegetable consumption among children in the intervention group [29].
There were no intervention effects on parents’ behaviours regarding screen time, such as parental
role modelling of screen time or the accessibility of screens. Reducing excessive screen time among
children was one of the main objectives of the intervention [24]. In the DAGIS cross-sectional study,
parent’s own screen time behaviour was one of the most important mediators between PEL and children’s
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screen time [17,35]. In the intervention, effort was placed on reaching families, with a message to reduce
children’s excessive screen time. This was done by practical actions; for instance, each family obtained
feedback about child’s screen time at the baseline, a home letter with motivational and reflective contents
about how to reduce screen time, emails for parents to reflect on themselves as role models and screen
users, bingos enhancing PA activities, etc. One explanation why parental role modelling for screen time
did not change could be that even though the materials emphasized that children learn by watching,
parents might have seen the programme as aiming to change the child’s behaviour, and therefore did not
feel the need to change their own behaviour. Another explanation could be that parents mostly used
screens for their work tasks, even though they were asked about leisure time, and as a consequence they
were not able to reduce their screen use in the presence of the child. However, the parents’ questionnaire
included several other items related to screen time, such as the perceived need for change, norms,
restrictive practices, self-efficacy, etc. Further studies should also explore these topics, in order to better
understand the reason why the intervention had no effects on screen time.
The importance of changes in parental behaviour was highlighted in a previous study which
aimed to increase children’s FV intake [41]. It concluded that in order to increase children’s FV
consumption, studies should focus both on parents providing their children with FV and on improving
parents’ own FV intake. We found no significant intervention effects on parental role modelling or
availability/accessibility of FV. The intervention might not have reached or engaged parents, or parents
might not have been interested in that specific intervention component, or felt no need for change [9,46].
The availability and accessibility of FV at home was already at baseline at quite a high level. In addition,
even though both food availability and the accessibility were explained in the materials, parents might
not have understood what it means in practice that FV are easily accessible, and sugary everyday
foods, drinks and treats less easily accessible.
Previous studies have shown that the availability of unhealthy foods is associated with children’s
unhealthy diet [33,47,48]. Our results showed that an intervention may possibly prevent an increase in
the availability of sugary everyday foods and drinks at home. Therefore, further interventions should
focus on developing strategies to impact food availability.
The DAGIS intervention study has several strengths, such as the development work being based
on the IM framework [21]. Firstly, a logic model of change was developed for the intervention, showing
the expected mechanisms behind the changes in children’s EBRBs. The intended changes in parents
behaviours followed the logic model of change reflecting behavioral theories [24]. Secondly, a strength
was that the model of change was developed based on a comprehensive needs assessment phase,
that, among others, included mediation analyses [24,28,35]. The needs assessment has been seen as a
highly important phase, enabling the planning of systematic interventions and also facilitating further
evaluation [21,49]. Thirdly, a major part of the instruments assessing the outcome variables has been
used in other studies and interventions, and have shown good validity and reliability [30,31,33,34].
Fourth, the participation rate was fairly high (47%), and the sample included families with diverse
PEL backgrounds. In addition, multiple imputation was used in analyses for some variables. Using
multiple imputation has the advantages of reducing bias, increasing precision, and getting more robust
statistical results [50].
A limitation of the study is related to the development of the content in the intervention programme.
The multicomponent intervention aimed to change several determinants (parental factors) in order
to change children’s EBRBs. There can be a risk that parents had too many messages split into
several topics, and therefore had difficulties in understanding the main objectives of the intervention.
Therefore, more in-depth evaluations about the processes in the intervention are needed, in order
to get a better understanding of the intervention effects. Another limitation might be that parental
involvement in the intervention was not mandatory. A recently published review pointed out the
importance of having parents intensively participating in interventions when promoting children’s
EBRBs in preschools [4]. The intervention lasted 23 weeks, which might have been too short for
the ambitious aim of detecting measurable changes at parent’s level, or at child’s level. In addition,
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as baseline and follow-up measurements took place during different seasons, this might have affected
results. In April-May evenings are less dark than in October, which might lead to parents letting their
half-year older children play outside alone, and therefore reporting less outdoor activities with their
child. Sample size calculations were made for the DAGIS study, but they were based on the aim of
detecting changes in children’s screen time and sugary everyday foods and drinks consumption [24].
The number of the participants needed for meeting these aims might not have been high enough,
thus limiting the possibilities of detecting changes in family environment. Furthermore, the results
should be interpreted with caution since the magnitude of differences were low, and due to that the
multiple testing was not properly corrected. In addition, the baseline average for some of the measured
behaviours in this study, such as the children’s behaviours, were already at a good level [29], which
meant that there was not much room for improvement. In reporting food consumption an under- or
overestimation is very common [51,52], and this could have been the case for the used food-related
variables in this study.
5. Conclusions
This study showed that the DAGIS intervention had some effects on food availability and
accessibility of foods at home, even though these effects were small. In the DAGIS logic model of
change, availability and accessibility were important determinants which need to be changed in order
to change children’s EBRBs. The DAGIS intervention did not detect any noteworthy effects on parental
role modelling. The second aim of having stronger intervention effects among low PEL groups was
not met. Hence, results suggest that the five months DAGIS multicomponent intervention had limited
impact on some of the family determinants for children’s healthy EBRBs. However, no impact in the
low PEL group was found. The next step will be to plan for future investigation of the intervention
dose, in order to obtain a deeper understanding of the impact of the intervention by PEL groups.
Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/11/3387/s1,
Supplementary Table S1: Number of children and missing values, Table S2a: Descriptive of outcomes-family
environment by parental educational level (quantitative variables), Table S2b: Descriptive of outcomes-family
environment by parental educational level (categorical variables).
Author Contributions: Conceptualization, C.R., R.F. and E.R.; Investigation, C.R., R.P., H.V., E.L., R.L., M.E., and E.R.;
Formal analysis, R.F.; Data Curation, R.L.; Writing-Original Draft Preparation, C.R. and R.F.; writing—review and
editing, C.R., R.F., R.P., H.V., E.L., R.L., M.E., and E.R.; project administration, C.R.; funding acquisition, M.E. and
E.R. All authors have read and agreed to the published version of the manuscript.
Funding: This study was financially supported by the Ministry of Education and Culture in Finland, The Ministry
of Social Affairs and Health, The Academy of Finland (Grants: 285439, 287288, 288038, 315816), the Päivikki and
Sakari Sohlberg foundation, Signe & Ane Gyllenberg foundation, and the Medicinska Föreningen Liv och Hälsa.
Folkhälsan Research Center and University of Helsinki has provided the infrastructure and the funding for PIs
(Maijaliisa Erkkola, Eva Roos), and key personnel (Carola Ray, Reetta Lehto). The funding bodies have not been
involved or interfere with the study at any stages.
Acknowledgments: The authors thank the preschools, the preschool personnel, and the families for their
participation in the DAGIS study, and the research staff for data collection. The authors thank the collaborating
partners of the DAGIS study for providing assistance in designing the DAGIS study.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.

2.

3.

Kremers, S.P.J.; de Bruijn, G.J.; Visscher, T.L.S.; van Mechelen, W.; de Vries, N.K.; Brug, J. Environmental
Influences on Energy Balance-Related Behaviors: A Dual-Process View. Int. J. Behav. Nutr. Phys. Act. 2006, 3,
1–10. [CrossRef] [PubMed]
Gubbels, J.S.; Van Kann, D.H.H.; de Vries, N.K.; Thijs, C.; Kremers, S.P.J. The next Step in Health Behavior
Research: The Need for Ecological Moderation Analyses-An Application to Diet and Physical Activity at
Childcare. Int. J. Behav. Nutr. Phys. Act. 2014, 11, 52. [CrossRef] [PubMed]
Säkkinen, S.; Kuoppala, T. Varhaiskasvatus 2018 (Children’s Day Care 2018); National Institute of Health
and Welfare; ISSN 1798-0887; Available online: http://urn.fi/URN:NBN:fi-fe2018100937865 (accessed on
24 August 2020).

Nutrients 2020, 12, 3387

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

15 of 17

Van De Kolk, I.; Verjans-Janssen, S.R.B.; Gubbels, J.S.; Kremers, S.P.J.; Gerards, S.M.P.L. Systematic Review
of Interventions in the Childcare Setting with Direct Parental Involvement: Effectiveness on Child Weight
Status and Energy Balance-Related Behaviours. Int. J. Behav. Nutr. Phys. Act. 2019, 16, 1–28. [CrossRef]
[PubMed]
Pinket, A.S.; Van Lippevelde, W.; De Bourdeaudhuij, I.; Deforche, B.; Cardon, G.; Androutsos, O.; Koletzko, B.;
Moreno, L.A.; Socha, P.; Iotova, V.; et al. Effect and Process Evaluation of a Cluster Randomized Control Trial
on Water Intake and Beverage Consumption in Preschoolers from Six European Countries: The ToyBox-Study.
PLoS ONE 2016, 11, e0152928. [CrossRef]
Nyberg, G.; Norman, Å.; Sundblom, E.; Zeebari, Z.; Elinder, L.S. Effectiveness of a Universal Parental Support
Programme to Promote Health Behaviours and Prevent Overweight and Obesity in 6-Year-Old Children in
Disadvantaged Areas, the Healthy School Start Study II, a Cluster-Randomised Controlled Trial. Int. J. Behav.
Nutr. Phys. Act. 2016, 13, 1–14. [CrossRef] [PubMed]
De Craemer, M.; De Decker, E.; Verloigne, M.; De Bourdeaudhuij, I.; Manios, Y.; Cardon, G. The Effect of a
Cluster Randomised Control Trial on Objectively Measured Sedentary Time and Parental Reports of Time
Spent in Sedentary Activities in Belgian Preschoolers: The ToyBox-Study. Int. J. Behav. Nutr. Phys. Act. 2016,
13, 1–17. [CrossRef]
Okely, A.D.; Stanley, R.M.; Jones, R.A.; Cliff, D.P.; Trost, S.G.; Berthelsen, D.; Salmon, J.; Batterham, M.;
Eckermann, S.; Reilly, J.J.; et al. “Jump Start” Childcare-Based Intervention to Promote Physical Activity in
Pre-Schoolers: Six-Month Findings from a Cluster Randomised Trial. Int. J. Behav. Nutr. Phys. Act. 2020, 17,
1–11. [CrossRef]
Kristiansen, A.L.; Bjelland, M.; Himberg-Sundet, A.; Lien, N.; Holst, R.; Frost Andersen, L. Effects of a
Cluster Randomized Controlled Kindergarten-Based Intervention Trial on Vegetable Consumption among
Norwegian 3-5-Year-Olds: The BRA-Study. BMC Public Health 2019, 19, 1–10. [CrossRef]
Pinket, A.S.; De Craemer, M.; Huybrechts, I.; De Bourdeaudhuij, I.; Deforche, B.; Cardon, G.; Androutsos, O.;
Koletzko, B.; Moreno, L.A.; Socha, P.; et al. Multibehavioural Interventions with a Focus on Specific
Energy Balance-Related Behaviours Can Affect Diet Quality in Preschoolers from Six European Countries:
The Toybox-Study. Nutrients 2017, 9, 479. [CrossRef]
De Craemer, M.; Verloigne, M.; De Bourdeaudhuij, I.; Androutsos, O.; Iotova, V.; Moreno, L.; Koletzko, B.;
Socha, P.; Manios, Y.; Cardon, G.; et al. Effect and Process Evaluation of a Kindergarten-Based, Family-Involved
Cluster Randomised Controlled Trial in Six European Countries on Four- to Six-Year-Old Children’s Steps
per Day: The ToyBox-Study. Int. J. Behav. Nutr. Phys. Act. 2017, 14, 116. [CrossRef]
Moore, G.F.; Littlecott, H.J.; Turley, R.; Waters, E.; Murphy, S. Socioeconomic Gradients in the Effects of
Universal School-Based Health Behaviour Interventions: A Systematic Review of Intervention Studies.
BMC Public Health 2015, 15, 1–15. [CrossRef]
Wijtzes, A.I.; Van De Gaar, V.M.; Van Grieken, A.; De Kroon, M.L.A.; Mackenbach, J.P.; Van Lenthe, F.J.;
Jansen, W.; Raat, H. Effectiveness of Interventions to Improve Lifestyle Behaviors among Socially
Disadvantaged Children in Europe. Eur. J. Public Health 2017, 27, 240–247. [CrossRef]
Cameron, A.J.; Spence, A.C.; Laws, R.; Hesketh, K.D.; Lioret, S.; Campbell, K.J. A Review of the Relationship
Between Socioeconomic Position and the Early-Life Predictors of Obesity. Curr. Obes. Rep. 2015, 4, 350–362.
[CrossRef]
Pinket, A.S.; De Craemer, M.; Huybrechts, I.; De Bourdeaudhuij, I.; Deforche, B.; Cardon, G.; Androutsos, O.;
Koletzko, B.; Moreno, L.; Socha, P.; et al. Diet Quality in European Pre-Schoolers: Evaluation Based on Diet
Quality Indices and Association with Gender, Socio-Economic Status and Overweight, the ToyBox-Study.
Public Health Nutr. 2016, 19, 2441–2450. [CrossRef]
O’Donoghue, G.; Kennedy, A.; Puggina, A.; Aleksovska, K.; Buck, C.; Burns, C.; Cardon, G.; Carlin, A.;
Ciarapica, D.; Colotto, M.; et al. Socio-Economic Determinants of Physical Activity across the Life Course: A
“DEterminants of DIet and Physical ACtivity” (DEDIPAC) Umbrella Literature Review. PLoS ONE 2018, 13,
e0190737. [CrossRef]
Lehto, E.; Ray, C.; Vepsäläinen, H.; Korkalo, L.; Lehto, R.; Kaukonen, R.; Suhonen, E.; Nislin, M.; Nissinen, K.;
Skaffari, E.; et al. Increased Health and Wellbeing in Preschools (DAGIS) Study—Differences in Children’s
Energy Balance-Related Behaviors (EBRBs) and in Long-Term Stress by Parental Educational Level. Int. J.
Environ. Res. Public Health 2018, 15, 2313. [CrossRef]

Nutrients 2020, 12, 3387

18.

19.
20.
21.
22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

16 of 17

Lioret, S.; Campbell, K.J.; McNaughton, S.A.; Cameron, A.J.; Salmon, J.; Abbott, G.; Hesketh, K.D. Lifestyle
Patterns Begin in Early Childhood, Persist and Are Socioeconomically Patterned, Confirming the Importance
of Early Life Interventions. Nutrients 2020, 12, 724. [CrossRef] [PubMed]
Salmon, J.; Brown, H.; Hume, C. Effects of Strategies to Promote Children’s Physical Activity on Potential
Mediators. Int. J. Obes. 2009, 33 (Suppl. S1), S66–S73. [CrossRef]
Brown, H.; Hume, C.; Pearson, N.; Salmon, J. A Systematic Review of Intervention Effects on Potential
Mediators of Children’s Physical Activity. BMC Public Health 2013, 13, 165. [CrossRef]
Bartholomew Eldredge, L.K.; Markham, C.M.; Ruiter, R.A.C.; Fernandez, M.E.; Parcel, G.S. Planning Health
Promotion Programs—An Intervention Mapping Approach, 4th ed.; Jossey-Bass: San Fransisco, CA, USA, 2016.
Lambrinou, C.-P.; van Stralen, M.M.; Androutsos, O.; Cardon, G.; De Craemer, M.; Iotova, V.;
Socha, P.; Koletzko, B.; Moreno, L.A.; Manios, Y. Mediators of the Effectiveness of a Kindergarten-Based,
Family-Involved Intervention on Pre-Schoolers’ Snacking Behaviour: The ToyBox-Study. Public Health Nutr.
2019, 22, 157–163. [CrossRef]
Moore, G.F.; Audrey, S.; Barker, M.; Bond, L.; Bonell, C.; Hardeman, W.; Moore, L.; O’Cathain, A.; Tinati, T.;
Wight, D.; et al. Process Evaluation of Complex Interventions: Medical Research Council Guidance. BMJ
2015, 19, h1258. [CrossRef] [PubMed]
Ray, C.; Kaukonen, R.; Lehto, E.; Vepsäläinen, H.; Sajaniemi, N.; Erkkola, M.; Roos, E. Development of the
DAGIS Intervention Study: A Preschool-Based Family-Involving Study Promoting Preschoolers’ Energy
Balance-Related Behaviours and Self-Regulation Skills. BMC Public Health 2019, 19, 1670. [CrossRef]
Määttä, S.; Kaukonen, R.; Vepsäläinen, H.; Lehto, E.; Ylönen, A.; Ray, C.; Erkkola, M.; Roos, E. The Mediating
Role of the Home Environment in Relation to Parental Educational Level and Preschool Children’s Screen
Time: A Cross-Sectional Study. BMC Public Health 2017, 17, 688. [CrossRef]
Määttä, S.; Ray, C.; Roos, G.; Roos, E. Applying a Socioecological Model to Understand Preschool Children’s
Sedentary Behaviors from the Viewpoints of Parents and Preschool Personnel. Early Child. Educ. J. 2016, 44,
491–502. [CrossRef]
Ray, C.; Määttä, S.; Lehto, R.; Roos, G.; Roos, E. Influencing Factors of Children’s Fruit, Vegetable and
Sugar-Enriched Food Intake in a Finnish Preschool Setting—Preschool Personnel’s Perceptions. Appetite
2016, 103, 72–79. [CrossRef]
Määttä, S.; Lehto, R.; Nislin, M.; Ray, C.; Erkkola, M.; Sajaniemi, N.; Roos, E. Increased Health and Well-Being
in Preschools (DAGIS): Rationale and Design for a Randomized Controlled Trial Health Behavior, Health
Promotion and Society. BMC Public Health 2015, 15, 1–10. [CrossRef]
Ray, C.; Figuereido, R.; Vepsäläinen, H.; Lehto, R.; Pajulahti, R.; Skaffari, E.; Sainio, T.; Hiltunen, P.;
Lehto, E.; Korkalo, L.; et al. Effects of the Preschool-Based Family-Involving DAGIS Intervention Programme
on Children’s Energy Balance-Related Behaviours and Self-Regulation Skills: A Clustered Randomized
Controlled Trial. Nutrients 2020, 12, 2599. [CrossRef]
Lampard, A.M.; Jurkowski, J.M.; Lawson, H.A.; Davison, K.K. Family Ecological Predictors of Physical
Activity Parenting in Low-Income Families. Behav. Med. 2013, 39, 97–103. [CrossRef]
Pinard, C.A.; Yaroch, A.L.; Hart, M.H.; Serrano, E.L.; McFerren, M.M.; Estabrooks, P.A. The Validity and
Reliability of the Comprehensive Home Environment Survey (CHES). Health Promot. Pract. 2014, 15, 109–117.
[CrossRef]
Kristiansen, A.L.; Bjelland, M.; Himberg-Sundet, A.; Lien, N.; Frost Andersen, L. Associations between
Sociocultural Home Environmental Factors and Vegetable Consumption among Norwegian 3–5-Year Olds:
BRA-Study. Appetite 2017, 117, 310–320. [CrossRef]
Vepsäläinen, H.; Korkalo, L.; Mikkilä, V.; Lehto, R.; Ray, C.; Nissinen, K.; Skaffari, E.; Fogelholm, M.;
Koivusilta, L.; Roos, E.; et al. Dietary Patterns and Their Associations with Home Food Availability among
Finnish Pre-School Children: A Cross-Sectional Study. Public Health Nutr. 2018, 21, 1232–1242. [CrossRef]
Määttä, S.; Vepsäläinen, H.; Lehto, R.; Erkkola, M.; Roos, E.; Ray, C. Reproducibility of Preschool Personnel
and Guardian Reports on Energy Balance-Related Behaviors and Their Correlates in Finnish Preschool
Children. Children 2018, 5, 144. [CrossRef]
Määttä, S.; Ray, C.; Vepsäläinen, H.; Lehto, E.; Kaukonen, R.; Ylönen, A.; Roos, E. Parental Education and
Pre-School Children’s Objectively Measured Sedentary Time: The Role of Co-Participation in Physical
Activity. Int. J. Environ. Res. Public Health 2018, 15, 366. [CrossRef] [PubMed]

Nutrients 2020, 12, 3387

36.

37.

38.
39.
40.
41.

42.
43.

44.
45.

46.
47.

48.
49.
50.

51.

52.

17 of 17

Nyberg, G.; Sundblom, E.; Norman, Å.; Bohman, B.; Hagberg, J.; Elinder, L.S. Effectiveness of a Universal
Parental Support Programme to Promote Healthy Dietary Habits and Physical Activity and to Prevent
Overweight and Obesity in 6-Year-Old Children: The Healthy School Start Study, a Cluster-Randomised
Controlled Trial. PLoS ONE 2015, 10, e0116876. [CrossRef]
Elinder, L.S.; Patterson, E.; Nyberg, G.; Norman, Å. A Healthy School Start Plus for Prevention of Childhood
Overweight and Obesity in Disadvantaged Areas through Parental Support in the School Setting—Study
Protocol for a Parallel Group Cluster Randomised Trial. BMC Public Health 2018, 18, 459. [CrossRef]
Van Buuren, S.; Groothuis-Oudshoorn, K. Mice: Multivariate Imputation by Chained Equations in R.
J. Stat. Softw. 2011, 45, 1–67. [CrossRef]
Bates, D.; Mächler, M.; Bolker, B.M.; Walker, S.C. Fitting Linear Mixed-Effects Models Using Lme4.
J. Stat. Softw. 2015, 67, 1–48. [CrossRef]
Christensen, R. Ordinal—Regression Models for Ordinal Data. R Package Version 2015, 28, 2015.
Wyse, R.; Wolfenden, L.; Bisquera, A. Characteristics of the Home Food Environment That Mediate Immediate
and Sustained Increases in Child Fruit and Vegetable Consumption: Mediation Analysis from the Healthy
Habits Cluster Randomised Controlled Trial. Int. J. Behav. Nutr. Phys. Act. 2015, 12, 118. [CrossRef]
Vepsäläinen, H.; Nevalainen, J.; Fogelholm, M.; Korkalo, L.; Roos, E.; Ray, C.; Erkkola, M. Like Parent, like
Child? Dietary Resemblance in Families. Int. J. Behav. Nutr. Phys. Act. 2018, 15, 1–11. [CrossRef]
Gibson, E.L.; Androutsos, O.; Moreno, L.; Flores-Barrantes, P.; Socha, P.; Iotova, V.; Cardon, G.; De Bourdeaudhuij, I.;
Koletzko, B.; Skripkauskaite, S.; et al. Influences of Parental Snacking-Related Attitudes, Behaviours and
Nutritional Knowledge on Young Children’s Healthy and Unhealthy Snacking: The ToyBox Study. Nutrients
2020, 12, 432. [CrossRef] [PubMed]
Blaine, R.E.; Kachurak, A.; Davison, K.K.; Klabunde, R.; Fisher, J.O. Food Parenting and Child Snacking:
A Systematic Review. Int. J. Behav. Nutr. Phys. Act. 2017, 14, 146. [CrossRef]
Yee, A.Z.H.; Lwin, M.O.; Ho, S.S. The Influence of Parental Practices on Child Promotive and Preventive
Food Consumption Behaviors: A Systematic Review and Meta-Analysis. Int. J. Behav. Nutr. Phys. Act. 2017,
14, 1–14. [CrossRef] [PubMed]
Hingle, M.D.; O’Connor, T.M.; Dave, J.M.; Baranowski, T. Parental Involvement in Interventions to Improve
Child Dietary Intake: A Systematic Review. Prev. Med. 2010, 51, 103–111. [CrossRef]
Vepsäläinen, H.; Mikkilä, V.; Erkkola, M.; Broyles, S.T.; Chaput, J.-P.; Hu, G.; Kuriyan, R.; Kurpad, A.;
Lambert, E.V.; Maher, C.; et al. Association between Home and School Food Environments and Dietary
Patterns among 9–11-Year-Old Children in 12 Countries. Int. J. Obes. Suppl. 2015, 5 (Suppl. S2), S66–S73.
[CrossRef] [PubMed]
Zarnowiecki, D.M.; Parletta, N.; Dollman, J. Socio-Economic Position as a Moderator of 9-13-Year-Old
Children’s Non-Core Food Intake. Public Health Nutr. 2016, 19, 55–70. [CrossRef] [PubMed]
Craig, P.; Dieppe, P.; Macintyre, S.; Mitchie, S.; Nazareth, I.; Petticrew, M. Developing and Evaluating
Complex Interventions: The New Medical Research Council Guidance. BMJ 2008, 337, 979–983. [CrossRef]
Harrison, X.A.; Donaldson, L.; Correa-Cano, M.E.; Evans, J.; Fisher, D.N.; Goodwin, C.E.D.; Robinson, B.S.;
Hodgson, D.J.; Inger, R. A Brief Introduction to Mixed Effects Modelling and Multi-Model Inference in
Ecology. PeerJ 2018, 2018, 1–32. [CrossRef]
Börnhorst, C.; Huybrechts, I.; Ahrens, W.; Eiben, G.; Michels, N.; Pala, V.; Molnár, D.; Russo, P.;
Barba, G.; Bel-Serrat, S.; et al. Prevalence and Determinants of Misreporting among European Children in
Proxy-Reported 24 h Dietary Recalls. Br. J. Nutr. 2013, 109, 1257–1265. [CrossRef]
Zheng, M.; Campbell, K.J.; Scanlan, E.; McNaughton, S.A. Development and Evaluation of a Food Frequency
Questionnaire for Use among Young Children. PLoS ONE 2020, 15, e0230669. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

