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ABSTRACT

Objectives: The purpose of this study is (1) to
identify obesity-related lifestyle behaviour patterns of
diet, physical activity, sedentary and sleep behaviours
in preschool children, (2) to examine the association
between identified behaviour clusters and overweight/
obesity and (3) to investigate differences in children’s
family environments according to clusters.

Design setting and participants: A cross-sectional
study on 2114 preschool children aged 3-6 years who
attended childcare facilities (24 nursery schools and 10
kindergartens) in Tsuruoka city, Japan in April 2003
was conducted.

Main outcome measures: Children’s principal
caregivers completed a questionnaire on children’s
lifestyle behaviours (dinner timing, outside playtime,
screen time and night-time sleep duration), family
environment (family members, maternal employment,
mealtime regularity and parents’ habitual exercise and
screen time) and measurements of weight and height.
Cluster analysis was performed using children’s 4
lifestyle behaviours based on those non-missing values
(n=1545). The  tests and analysis of variance
(ANOVA) estimated cluster differences in overweight/
obesity and family environments.

Results: 6 clusters were identified. Children’s
overweight/obesity varied across clusters (p=0.007).
The cluster with the most screen time, shorter night-
time sleep duration, average dinner timing and
outside playtime had the highest overweight/obesity
prevalence (15.1%), while the cluster with the least
screen time, the longest sleep duration, the earliest
dinner timing and average outside playtime had the
lowest prevalence (4.0%). Family environments
regarding mealtime regularity and both parents’
screen time also significantly varied across clusters.
The cluster having the highest overweight/obesity
prevalence had the highest proportion of irregular
mealtimes and the most screen time for both
parents.

Conclusions: This study suggests that public health
approaches to prevent children’s overweight/obesity
should focus on decreasing screen time and increasing
night-time sleep duration. To shape those behaviours,

Strengths and limitations of this study

= Preschool children’s obesity-related lifestyle
behaviour patterns including diet, physical
activity, sedentary and sleep behaviours were
identified using cluster analysis.

= The study population included all preschool chil-
dren (3—6 years) who attended childcare facilities
in a city with more than 100 000 population.

= This study was a cross-sectional design; mea-
surements were based on the principal caregivers’
reports and did not include socioeconomic status
variables.

= Studies on clarifying the association with socio-
economic status in various communities are
needed.

regular mealtimes and decreasing parents’ screen time
within family environments need to be targeted among
family members.

INTRODUCTION

Multiple daily lifestyle behaviours including
diet, physical activity, sedentary and sleep
habits affect body weight status.' ™" Increased
body weight in childhood influences several
chronic diseases such as coronary heart
disease, diabetes and metabolic syndrome in
childhood'" and adulthood.'” High energy
intake, late eating at night and excessive tele-
vision (TV) viewing are associated with
increased risk of overweight,l_3 67 while a
high level of physical activity and long sleep
duration have been shown to be protective
measures against overweight.” ®'° These
lifestyle behaviours are shaped from early
childhood, and adopted lifestyle behaviours
carry over into adulthood.”” '* Hence, the
development of healthy lifestyle behaviours
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starting from early childhood should be encouraged to
achieve or maintain a healthy body weight status.

Various weightrelated behaviours are related to each
other, and lifestyle behaviour patterns clustered around
habitual behaviours, rather than individual behaviours,
are considered to be related to body weight status. It is
therefore important to examine weightrelated lifestyle
behaviour patterns combined with individual behaviours.
Several studies have examined clustering patterns of
multiple lifestyle behaviours in children and adoles-
cents.'>! Most of the studies have focused on diet,
physical activity and/or sedentary behaviours as
weight-related behaviours. However, sleep behaviour is
one of the habits related to risk of overweight in chil-
dren.” ' Except for studies in European and Australian
school-age children,lc’_]8 no other studies were identified
that included sleep habits. To promote healthy lifestyle
behaviours during childhood, it is necessary to identify
comprehensive lifestyle behaviour patterns, including
sleeping habits as well as diet, physical activity and sed-
entary behaviours.

Children’s lifestyle behaviours are affected by family
environments, especially among young children. Some
studies considering family environments have examined
the influence of family members who live with children
on those children’s behaviours.”** These studies found
that children with siblings were more physically active
than an only child,*" children with one parent or a
working mother spent more time watching TV® 2* and
those with a working mother also had increased high-
energy drink consumption and short sleep duration.** *
Other studies have examined the influence of parents’
habitual behaviours on children’s behaviours.>> >’ There
is evidence that children with more active parents were
more physically active,25 and children with parents
watching excessive TV also spent more time watching
TV.?® 27 These studies examined how the behaviours of
family members living with children influenced the chil-
dren’s individual behaviour. However, those family envir-
onments may influence children’s lifestyle behaviour
patterns. Thus, it is important to assess associations of
children’s lifestyle behaviour patterns with both aspects
of family environments.

The purpose of this study is (1) to identify lifestyle
behaviour patterns of diet, physical activity, sedentary
and sleep behaviours in preschool children, (2) to
examine the association between identified behaviour
clusters and overweight/obesity and (3) to investigate
differences in children’s family environments according
to clusters.

METHODS

Study design and population

This cross-sectional study was conducted in childcare
facilities including nursery schools and kindergartens in
April 2003. Most preschool children aged 3 and older
attend such facilities in Japan. The study population

included all preschool children aged 3-6years who
attended childcare facilities (24 nursery schools and 10
kindergartens) in Tsuruoka city, located in northeast
Japan and their principal caregivers.

A self-administered questionnaire was delivered to
each child’s principal caregiver, which was returned to
the child’s facility after completion of the questionnaire
at home. Only questionnaires in which the principal
caregivers provided consent for study participation and
were anonymously returned were included.

Measures

Children’s lifestyle behaviours

Dinner timing was used as an indicator of dietary beha-
viours since a significant association between late night
eating and higher body mass index (BMI) has been
observed in adults.® Dinner timing was recorded as the
usual time of eating dinner. Outside playtime and
screen time were included as indicators of being physic-
ally active or inactive. Outside playtime was recorded as
hours and minutes usually spent playing outside. Screen
time was recorded as hours and minutes usually spent
watching TV and videos and playing electronic games.
Night-time sleep duration as an indicator of sleep habit
was assessed by recording usual bedtime and wake-up
time. Night-time sleep duration was calculated as the
time elapsed in hours between bedtime and wake-up
time. These behaviours for a usual weekday and
weekend day were assessed separately and calculated as
the mean time per day by summing up weekdays and
weekend days and then dividing by seven.

Family environments

To examine the influence of family environments living
with children on children’s lifestyle behaviour pattern,
parents were referred to those who live with children,
regardless of whether they are biological parents or not.
Principal caregivers were referred to parents or grand-
parents who live with and take care of children.

Family members living with children: Parental status was
separated into two parents or one parent. Presence of
siblings was categorised according to whether children
lived with at least one sibling. Presence of grandparents
was also categorised according to whether children lived
with at least one grandparent. Maternal employment
status was categorised as unemployed or employed (full-
time, part-time and self-employed).

Habitual family and parents’ behaviours: Meal regularity
was divided according to whether a family has meals at
regular times or irregular times. Parents’ habitual exer-
cise was assessed by asking each parent to report the
frequency (days/week) and duration (minutes/day) of
sports or exercise. Their responses were categorised as
meeting the physical activity recommendation (150 min/
week).* Parents’ screen time was assessed by asking each
parent to record the hours and minutes usually spent
watching TV and videos and playing electronic games.
Screen time was calculated as the mean time per day by
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summing weekdays and weekend days and dividing by
seven and categorised among the respective parents as
<2, 2-3, or >4 hours/day.

Children’s anthropometric measurements

Children’s body weight (kg) and height (cm) were mea-
sured using standard methods (in light clothing and
without shoes) at each facility before distributing the
questionnaire, as a part of a periodic health exami-
nation. The measurements were recorded in health
handbooks and given to the principal caregivers. The
principal caregivers filled out the questionnaire by refer-
ring to the handbook. BMI was calculated as body
weight divided by height squared (kg/mQ). Children
were classified as non-overweight or overweight (includ-
ing obese) according to sex-specific and age-specific
BMI cutoff points of the International Obesity Task
Force,” which is internationally accepted and has been
used in previous childhood obesity research conducted
in many countries such as Europe,l_4 1620 30 31
Australia'® ' and Japan.*

Participant characteristics

Participant characteristics included children’s sex and
age and parents’ age, weight and height. Parents’ self-
reported weight and height were used to calculate their
BMI, and parents’ overweight (including obese) was
defined as BMI>25 kg/m2.33

Statistical analysis

All statistical analyses were conducted using SAS V.9.3
(SAS Institute, Cary, North Carolina, USA). Cluster ana-
lysis (SAS FASTCLUS) was performed to identify sub-
groups with similar obesity-related lifestyle behaviours
according to dinner timing, outside playtime, screen
time and night-time sleep duration. Boys and girls were
combined for analyses to identify representative lifestyle
behaviour patterns in preschool-aged children. Variables
used to assess the four behaviours were standardised
(z-scores) before clustering in order to avoid the influ-
ence of variables with substantially different ranges.
Cluster analysis included children who had no missing
values for the behaviours and was conducted by parti-
tioning data into different clusters (3-7) by Euclidean
distances between observations.”® Cluster solutions are
sensitive to the initial cluster centres. Therefore, in
order to find optimal specifications for initial cluster
centres, 1000 iterations of each cluster procedure using
randomly generated initial group centres were con-
ducted. The solution with the largest overall r? value
which represents relative heterogeneity between clusters
compared with heterogeneity within clusters was identi-
fied. To examine the stability of the cluster solutions, the
total sample was randomly divided into two subsamples
in which the clustering procedure was repeated. Cohen’s
k coefficient of the cluster solutions of both subsamples
with that of the total sample was calculated (x=0.92 and
0.93 for this final cluster solution). The final cluster

solution was determined according to large values of the
pseudo-F index and high interpretability and stability of
cluster patterns,'” 10 18721 34 35

The mean values of the four lifestyle behaviours were
compared across clusters using analysis of variance
(ANOVA). Participant characteristics, children’s weight
status and family environments as variables were com-
pared by using x* tests for frequency measures and
ANOVA for continuous variables. Two-sided p values
<0.05 were considered as statistically significant. The sig-
nificance level for these analyses was adjusted using the
Holm’s method®® for addressing problems of multiple
testing.

RESULTS

Study participants

Surveyed target participant was 2114 children who
attended childcare facilities in the city, and 1867
(88.3%) returned a completed questionnaire. Of these,
322 children were excluded due to missing analytic
behaviour values. The final sample included 1545
(73.1%) children (825 boys and 720 girls) and the mean
age was 4.2 (SD 0.9) years.

Comparing included and excluded children’s
characteristics, there were no statistically significant dif-
ference by children’s sex (53.4% and 51.5% boys,
p=0.446), age (mean 4.2 and 4.2 years, p=0.841), over-
weight (8.6% and 10.6%, p=0.213), or mothers’ age
(mean 33.5 and 33.3 years, p=0.446) and BMI (mean
21.1 and 21.2kg/m® p=0.622); whereas, fathers’ age
(mean 36.1 and 35.4years, p=0.031) was older and
father’s BMI (mean 23.3 and 23.0 kg/m?, p=0.036) was
larger in included children.

Cluster patterns of lifestyle behaviours

Six distinct clusters were identified. Characteristics of
each cluster indicated by zscores of lifestyle behaviours
are shown in figure 1 and the raw mean values are
shown in table 1. Cluster 1 (C1) was characterised by the
earliest dinner timing, the least screen time and the
longest night-time sleep duration. Cluster 2 (C2) had as
much sleep duration as in CI1, but the dinner timing was
relatively late when compared with other clusters.
Cluster 3 (C3) was characterised by late dinner timing
and the shortest sleep duration. Cluster 4 (C4) had the
least amount of outside playtime, whereas cluster 5 (Cb)
had the most outside playtime. Cluster 6 (C6) was char-
acterised by having the most screen time and shorter
sleep duration.

The characteristics of participants by cluster pattern
are shown in table 2. C1 and C2 had higher proportions
of girls, whereas C4 and C5 consisted of more boys.
Children’s mean age was the highest in C5. However, all
these characteristics of children and parents were not
significantly different across clusters.
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Differences in children’s weight status and family
environments by cluster pattern

The prevalence of overweight in children was signifi-
cantly different across clusters and was the lowest in C1
(4.0%) and the highest in C6 (15.1%) (table 3).

For family members living with children, presence of
grandparents and maternal employment status were sig-
nificantly different across clusters. Living with one or
more grandparents was a higher in Cl (characterised by
the early dinner timing, the least screen time and the
longest sleep duration), C4 (characterised by the least
outside playtime) and CbH (characterised by the most
outside playtime) and a lower proportion in C3 (charac-
terised by late dinner time and the shortest sleep dur-
ation) and C2 (characterised by later dinner timing and
longer sleep duration) across clusters. The proportion of
employed mothers was lower in C1 and C2 and higher
in C3 and C4. Neither parental status nor presence of
siblings was significantly different across clusters.

For habitual family and parent behaviours, meal regu-
larity and screen time in both parents were significantly
different across clusters, although no differences were
found for habitual exercise in either parent. The

Screen time

Outside playtime

Night-time sleep
duration

proportion of irregular meals was the lowest in C1 and
the highest in C6 (characterised by the most screen time
and shorter sleep duration). Marked differences were
seen in parents’ screen time. The proportion of exces-
sive time spent in screen-viewing (>4 hours/day) was
highest in C6 compared with all other clusters for both
parents.

DISCUSSION
This study examined preschool children’s lifestyle beha-
viour clustering patterns (including dinner timing,
outside playtime, screen time and night-time sleep dur-
ation) and their associations with children’s overweight
(including obese) and family environments. Cluster ana-
lysis identified six clusters, and the prevalence of being
overweight varied across clusters, ranging from 4.0% to
15.1%. Family environments including irregular meal-
times and parents’ excessive screen time differed among
clusters.

The lifestyle behaviour pattern with the highest risk of
being overweight (C6) had the most screen time,
shorter sleep duration and average dinner timing and

Table 1 Mean values of four obesity-related lifestyle behaviours by cluster pattern
Cluster1 Cluster2 Cluster3 Cluster4 Cluster5 Cluster 6
n=268 n=271 n=257 n=336 n=238 n=175 p Value Adjusted
Mean Mean Mean Mean Mean Mean comparing significance
(SD) (SD) (SD) (SD) (SD) (SD) 6 clusters* level (rank)t
Dinner timing (pm)  5:57 (0:19) 6:48 (0:19) 7:05 (0:20) 6:13 (0:17) 6:30 (0:23) 6:29 (0:26) <0.001 0.013 (1)t
Outside playtime 1.7 (0.6) 1.4 (0.6) 1.3 (0.6) 1.2 (0.5) 3.1 (0.6) 1.6 (0.7) <0.001 0.017 2)
(hours/day)
Screen time 1.5 (0.8) 2.1 (0.8) 1.8 (0.8) 1.8 (0.7) 2.1 (0.8) 4.2 (0.9) <0.001 0.050 (4)%
(hours/day)
Night-time sleep 10.4 (0.4) 10.3(0.4) 9.2(0.4) 9.4 (0.4) 9.6 (0.5) 9.4 (0.5) <0.001 0.025 (3)t

duration (hours/day)

*p Values calculated from analysis of variance (ANOVA).

+Adjusted significance level using the Holm’s method>® for multiple testing, the first entry being the adjusted significance level and the rank in
parentheses being the rank of the associated original p value in ascending order from most-to-least significant.
fStatistically significant (p<0.05) after adjustment for multiple tests using the Holm’s method.
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Table 2 Differences in characteristics of participants by cluster pattern

Cluster1 Cluster2 Cluster3 Cluster4 Cluster5 Cluster6 p Value Adjusted
comparing significance
n=268 n=271 n=257 n=336 n=238 n=175 6 clusters level (rank)*t
Children
Sex (%)
Boys 47.0 49.0 54.5 58.6 58.4 53.1 0.017% 0.007 (1)
Girls 53.0 51.0 45.5 41.4 41.6 46.9
Age (years) 4.2 (0.9) 4.2 (0.8) 4.2 (0.8) 4.2 (0.9) 4.4 (0.9) 42 (0.9) 0.022§ 0.008 (2)
3years (%) 24.3 23.2 24.9 271 17.7 24.6 0.039% 0.010 (3)
4years (%) 38.4 34.3 38.1 28.0 30.2 34.3
5years (%) 325 38.8 33.5 40.2 454 34.3
6 years (%) 4.8 3.7 3.5 4.7 6.7 6.8
Parents
Age (years)
Mothers 33.3(4.1) 340(44) 33.7(48) 336(4.3) 33.0(4.1) 33.0(4.8) 0.049§ 0.013 (4)
Fathers 36.0 (5.4) 36.3(5.5) 36.2(5.6) 36.4(5.5 355(54) 36.0(6.5) 0.592§ 0.050 (7)
Overweightq] (%)
Mothers 7.5 5.8 9.8 8.2 5.6 12.3 0.143% 0.017 (5)
Fathers 241 26.4 30.5 30.3 23.0 21.2 0.160% 0.025 (6)

Values are provided as proportion or mean (SD).

*Adjusted significance level using the Holm’s method®® for multiple testing, the first entry being the adjusted significance level and the rank in
parentheses being the rank of the associated original p value in ascending order from most-to-least significant.
TAll variables were not statistically significant after adjustment for multiple testing using the Holm’s method.

tp Values calculated from y? test.
§p Values calculated from analysis of variance (ANOVA).

qParents’ overweight (including obese) defined as body mass index >25 kg/m?.33 Missing number of cases: mothers living with children
(n=1532): mothers’ age (65) and obesity (142); fathers living with children (n=1412): fathers’ age (36) and obesity (88).

outside playtime compared with the other clusters.
Those with the lowest risk of being overweight (C1) had
the least screen time, the longest sleep duration, the
earliest dinner timing and average outside playtime.
Focusing on screen time and night-time sleep duration,
in which notable differences were observed among the
clusters, the patterns with either less screen time or
longer sleep duration (C2: average screen time and long
sleep duration, C3: less screen time and short sleep dur-
ation) and those with both (C1) showed lower risk of
overweight than the cluster with neither behaviours
(C6), regardless of dinner timing and outside playtime.
These results are supported by other studies demonstrat-
ing that more screen time and short sleep duration were
independent risk behaviours for childhood over-
weight.! ® ° 7910 1n addition, a negative association
between screen time and sleep duration has been
found® and increased screen time may lead to further
decrease in sleep duration. This suggests, therefore, that
decreased screen time and increased sleep duration
could be important behaviours for achieving or main-
taining a healthy body weight status in children.

The lifestyle behaviour pattern with the highest risk of
overweight was associated with a family environment
having more screen time for both parents, not just chil-
dren. These findings are consistent in showing that a
high frequency of parents who spent more screen time
was associated with children’s increased screen time.?® %’
Stamatakis ef af’’ has reported that excessive screen time
in adults is associated with increased mortality and

cardiovascular disease risk regardless of physical activity
participation, which demonstrates that decreased screen
time is a favourable behaviour in parents as well as in
children.

Children with the lifestyle behaviour pattern having
the highest risk of overweight were also in family envir-
onments having a substantially higher proportion of
irregular mealtimes as a family, although dinner timing
was average. In contrast, the lifestyle behaviour pattern
having the lowest risk of overweight was in family envir-
onments with the lowest proportion of irregular meal-
time and the earliest dinner timing across clusters.
These results suggest that mealtime regularity may be
more important than dinner timing for children’s over-
weight. Although no studies were identified that exam-
ined the association between irregular mealtimes and
other lifestyle behaviours, having irregular mealtimes
may provide children more opportunity for watching TV
while waiting for a meal and could lead to increased
screen time and decreased night-time sleep duration. A
public health approach should focus on modifying these
family environments to achieve and promote healthy
lifestyle behaviour patterns in children along with their
parents.

For family members, children in the clusters with a
higher proportion of employed mothers (C3, C4, C5
and C6) had lifestyle behaviour patterns with shorter
sleep duration and higher prevalence of overweight
than the other two clusters. These findings are consis-
tent with studies showing that the length of mothers’
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Table 3 Differences in children’s overweight and family environments by cluster pattern

Cluster 1 Cluster 2 Cluster 3 Cluster4 Cluster5 Cluster6 p Value Adjusted
comparing significance
n=268 n=271 n=257 n=336 n=238 n=175 6 clusters* level (rank)t
Children’s weight status
Non-overweight 96.0 93.2 91.6 91.0 89.0 84.9 0.007 0.010 (6)%
Overweight§ 4.0 6.8 8.4 9.0 11.0 15.1
Family environments
Family members living with children
Parental status
Two parents 90.6 95.2 90.7 89.9 91.2 86.9 0.079 0.013 (7)
One parent 9.4 4.8 9.3 10.1 8.8 13.1
Presence of siblings
None (only child) 20.1 19.2 23.0 214 16.4 26.3 0.199 0.017 (8)
One or more 79.9 80.8 77.0 78.6 83.6 73.7
Presence of grandparents
None 39.9 51.7 54.9 42.9 41.6 44.6 0.002 0.007 (4)%
One or more 60.1 48.3 451 57.1 58.4 55.4
Maternal employment status
Unemployed 38.7 39.0 17.8 16.7 23.5 23.2 <0.001 0.006 (3)%
Employed 61.3 61.0 822 83.3 76.5 76.8
Habitual family and parents’ behaviours
Meal regularity
Regular 721 66.4 58.3 64.9 64.2 52.3 0.002 0.008 (5)%
Irregular 27.9 33.6 41.7 35.1 35.8 47.7
Habitual exercise (minutes/week)
Mother
<150 98.4 99.2 97.6 98.1 96.0 97.6 0.240 0.025 (9)
>150 1.6 0.8 2.4 1.9 4.0 24
Father
<150 92.2 90.7 89.8 90.5 91.7 91.9 0.943 0.050 (10)
>150 7.8 9.3 10.2 9.5 8.3 8.1
Screen time (hours/day)
Mother
<2 54.0 48.3 53.0 52.7 40.5 20.0 <0.001 0.005 (1)
2-3 39.2 40.6 40.2 38.2 42.8 42.6
>4 6.8 11.1 6.8 9.1 16.7 37.4
Father
<2 46.8 37.4 37.9 42.5 30.3 15.4 <0.001 0.006 (2)
2-3 44.0 55.3 53.9 49.5 59.0 51.0
>4 9.2 7.3 8.2 8.0 10.7 35.6

Values are provided as proportion.
*p Values calculated from ? test.

tAdjusted significance level using the Holm’s method®® for multiple testing, the first entry being the adjusted significance level and the rank in
parentheses the rank of the associated original p value in ascending order from most-to-least significant.

FStatistically significant (p<0.05) after adjustment for multiple testing using the Holm’s method. Missing number of cases: children’s
overweight (252), parental status (3), and meal regularity (286); mothers living with children (n=1532): maternal employment status (66),
habitual exercise (65), and screen time (152); fathers living with children (n=1412): habitual exercise (58) and screen time (94).

§Children’s overweight (including obese) defined as sex-specific and age-specific body mass index cut-off points of the International Obesity

Task Force.?®

working hours was negatively associated with children’s
sleep duration®® and that maternal employment was
associated with children’s overweight.”” ' Our previous
study found that living with grandparents was more
likely to contribute to children’s overweight than mater-
nal employment.” In the current study, children in the
clusters with a higher proportion of living with grandpar-
ents (C4, C5 and C6) had also a higher prevalence of
overweight than those with a lower proportion (C3),
except the two clusters with a lower proportion of

employed mothers. In contrast, children from clusters in
which a higher proportion lived with at least one grand-
parent (Cl, C4, C5 and C6) had lifestyle behaviour pat-
terns with early dinner timing than the children in the
other two clusters. Although there is no study that has
examined an association between mealtimes and the
presence of grandparents, it is considered that grandpar-
ents who live with children may play supportive roles in
caring for children and/or in preparing meals for the
children and the family. Thus, maternal employment
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and presence of grandparents are environmental factors
that influence children’s habitual behaviours such as
sleep duration and dinner timing, and lifestyle behav-
iour patterns combined with these behaviours influence
children’s body weight status.

Among four lifestyle behaviours we examined, dinner
timing and outside playtime were not consistently asso-
ciated with children’s overweight. Dinner timing is a
behaviour that affects skipping breakfast®™ and skipping
breakfast is associated with children’s overweight.”’
Thus, dinner timing is considered as an important
dietary behaviour. Although an association between late
dinner timing (after 20:00) and high BMI has been
reported in aldults,6 no studies have examined this in
children. Our results could not determine whether the
mealtime was early or late enough to affect children’s
overweight. For outside playtime, the average time was
1.2 hours/day in the shortest cluster and exceeded the
physical activity recommendation for children in all clus-
ters (60 min/ day).28 Although the current study did not
examine the intensity of children’s activity, a study that
assessed preschool children’s physical activity in direct
observation has reported that time spent outdoors was
positively associated with physical activity.*” Thus, it is
possible that these children had a sufficient active level
of physical activity because they spent much time
outdoors.

The present study has several limitations. First, this
study was a cross-sectional design and therefore a causal
relationship cannot be identified. Second, measure-
ments were based on the principal caregivers’ reports,
although children’s weight and height were measured at
each childcare facility. Principal caregivers who directly
observe children’s daily behaviours were asked to report
children’s behaviours. Also, all behaviour time variables
were separately constructed on weekdays and on
weekend days in order to increase accuracy. However,
proxy-reporting may have introduced recall and social
desirability bias.*"™* Further research is needed to
explore comprehensive lifestyle behaviour patterns used
in objective measurements. Third, socioeconomic status,
such as parents’ educational level and/or household
economic level, might affect the children’s overweight
and behaviours, but our study could not include these
kinds of variables. Fourth, the data used in our study
were collected in 2003, thus lifestyle behaviours may not
necessarily reflect frequencies and proportions of recent
lifestyle behaviours. However, the influences of lifestyle
behaviour patterns on body weight status and family
environments on children’s lifestyle behaviour patterns
can be considered to be unchanged over time. Despite
these limitations, the current study surveyed almost the
same city as the average household income in ]apan.44
The survey was conducted on all children attending
childcare facilities in a city with more than 100 000 in
population and included 93.3% of the children living in
that area and yielded a relatively high response rate
(73.1%). Thus, our study covered a wide range of

preschool-aged children’s behavioural
characteristics.

In conclusion, this study found that the children’s life-
style behaviour pattern (characterised by more screen
time, short sleep duration and average dinner timing
and outside playtime) is associated with the highest risk
of overweight and is shaped by family environments with
irregular mealtimes and more screen time in both
parents. The study findings emphasise a public health
approach to shape children’s healthy lifestyle behaviour
patterns, especially decreasing screen time and increas-
ing night-time sleep duration, should focus on family
members living with children, as well as on children,
and should focus on modifying family environments,
such as having regular mealtimes as a family and
decreasing parents’ screen time.

lifestyle

Acknowledgements The authors extend special thanks to the principal
caregivers who participated in this study, as well as to the staff members at
the city offices and all childcare facilities in Tsuruoka city.

Contributors All authors contributed to the writing and revising of the
manuscript. EW, JSL, KM and KK conducted data collection. EW, JSL and KM
conceived and designed this analysis and interpreted the findings. EW and
KM performed the analyses. EW drafted the manuscript. The manuscript was
critically reviewed by JSL, KM and KK.

Funding This study was supported by a grant from the Japan Ministry of
Education, Culture, Sports, Science and Technology (JSPS KAKENHI grant
number 25242063).

Competing interests None declared.

Patient consent Obtained.

Ethics approval Ethics Review Committee of the University of Tokyo.
Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement All available data can be obtained by contacting the
corresponding author.

Open Access This is an Open Access article distributed in accordance with
the terms of the Creative Commons Attribution (CC BY 4.0) license, which
permits others to distribute, remix, adapt and build upon this work, for
commercial use, provided the original work is properly cited. See: http:/
creativecommons.org/licenses/by/4.0/

REFERENCES

1. Berentzen NE, Smit HA, van Rossem L, et al. Screen time, adiposity
and cardiometabolic markers: mediation by physical activity, not
snacking, among 11-year-old children. Int J Obes 2014;38:1317-23.

2. de Jong E, Visscher TL, Hirasing RA, et al. Association between TV
viewing, computer use and overweight, determinants and competing
activities of screen time in 4- to 13-year-old children. Int J Obes
2013;37:47-53.

3. de Jong E, Stocks T, Visscher TL, et al. Association between sleep
duration and overweight: the importance of parenting. Int J Obes
2012;36:1278-84.

4. Collings PJ, Brage S, Ridgway CL, et al. Physical activity intensity,
sedentary time, and body composition in preschoolers. Am J Clin
Nutr2013;97:1020-8.

5. Carter PJ, Taylor BJ, Williams SM, et al. Longitudinal analysis of
sleep in relation to BMI and body fat in children: the FLAME study.
BMJ 2011;342:d2712.

6. Baron KG, Reid KJ, Kern AS, et al. Role of sleep timing in caloric
intake and BMI. Obesity 2011;19:1374-81.

7. Jackson DM, Djafarian K, Stewart J, et al. Increased television
viewing is associated with elevated body fatness but not with lower
total energy expenditure in children. Am J Clin Nutr 2009;89:1031-6.

8. Steele RM, van Sluijs EM, Cassidy A, et al. Targeting sedentary
time or moderate- and vigorous-intensity activity: independent

Watanabe E, ef al. BMJ Open 2016;6:€012773. doi:10.1136/bmjopen-2016-012773


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1038/ijo.2014.110
http://dx.doi.org/10.1038/ijo.2011.244
http://dx.doi.org/10.1038/ijo.2012.119
http://dx.doi.org/10.3945/ajcn.112.045088
http://dx.doi.org/10.3945/ajcn.112.045088
http://dx.doi.org/10.1136/bmj.d2712
http://dx.doi.org/10.1038/oby.2011.100
http://dx.doi.org/10.3945/ajcn.2008.26746

Open Access 8

relations with adiposity in a population-based sample of 10-y-old 27. Salmon J, Timperio A, Telford A, et al. Association of family

British children. Am J Clin Nutr 2009;90:1185-92. environment with children’s television viewing and with low level of
9. Patel SR, Hu FB. Short sleep duration and weight gain: a systematic physical activity. Obes Res 2005;13:1939-51.

review. Obesity (Silver Spring) 2008;16:643-53. 28. World Health Organization 2010. Global recommendations on

10. Chen X, Beydoun MA, Wang Y. Is sleep duration associated with physical activity for health. http:/whglibdoc.who.int/publications/
childhood obesity? A systematic review and meta-analysis. Obesity 2010/9789241599979_eng.pdf (accessed 26 Dec 2014).

(Silver Spring) 2008;16:265—74. 29. Cole TJ, Bellizzi MC, Flegal KM, et al. Establishing a standard

11. Friedemann C, Heneghan C, Mahtani K, et al. Cardiovascular definition for child overweight and obesity worldwide: international
disease risk in healthy children and its association with body mass survey. BMJ 2000;320:1240-3.
index: systematic review and meta-analysis. BMJ 2012;345:e4759. 30. Hawkins SS, Cole TJ, Law C, et al. An ecological systems approach

12.  Owen CG, Whincup PH, Orfei L, et al. Is body mass index before to examining risk factors for early childhood overweight: findings
middle age related to coronary heart disease risk in later life? from the UK Millennium Cohort Study. J Epidemiol Community
Evidence from observational studies. Int J Obes 2009;33:866—77. Health 2009;63:147-55.

13. Craigie AM, Lake AA, Kelly SA, et al. Tracking of obesity-related 31. Hawkins SS, Cole TJ, Law C. Maternal employment and early
behaviours from childhood to adulthood: a systematic review. childhood overweight: findings from the UK Millennium Cohort Study.
Maturitas 2011;70:266-84. Int J Obes 2008;32:30-8.

14. Biddle SJ, Pearson N, Ross GM, et al. Tracking of sedentary 32. Watanabe E, Lee JS, Kawakubo K. Associations of maternal
behaviours of young people: a systematic review. Prev Med employment and three-generation families with pre-school
2010;51:345-51. children’s overweight and obesity in Japan. Int J Obes 2011;35:

15. Leech RM, McNaughton SA, Timperio A. Clustering of children’s 945-52.
obesity-related behaviours: associations with sociodemographic 33.  WHO expert consultation. Appropriate body-mass index for Asian
indicators. Eur J Clin Nutr 2014,68:623-8. populations and its implications for policy and intervention strategies.

16. Fernandez-Alvira JM, De Bourdeaudhuij I, Singh AS, et al. Lancet 2004;363:157—63.

Clustering of energy balance-related behaviors and parental 34. Leech RM, McNaughton SA, Timperio A. The clustering of diet,
education in European children: the ENERGY-project. Int J Behav physical activity and sedentary behavior in children and adolescents:
Nutr Phys Act 2013;10:5. a review. Int J Behav Nutr Phys Act 2014;11:4.

17. Magee CA, Caputi P, Iverson DC. Patterns of health behaviours 35. Everitt BS, Landau S, Leese M, et al. eds. Cluster analysis. 5th edn.
predict obesity in Australian children. J Paediatr Child Health Chichester, GB: John Wiley & Sons, 2011.
2013;49:291-6. 36. Holm S. A simple sequentially rejective multiple test procedure.

18. Ferrar K, Golley R. Adolescent diet and time use clusters and Scand J Stat 1979;6:65—70.
associations with overweight and obesity and socioeconomic 37. Stamatakis E, Hamer M, Dunstan DW. Screen-based entertainment
position. Health Educ Behav 2015;42:361-9. time, all-cause mortality, and cardiovascular events:

19. Spengler S, Mess F, Mewes N, et al. A cluster-analytic approach population-based study with ongoing mortality and hospital events
towards multidimensional health-related behaviors in adolescents: follow-up. J Am Coll Cardiol 2011;57:292-9.
the MoMo-Study. BMC Public Health 2012;12:1128. 38. Hernandez E, Kim M, Kim WG, et al. Nutritional aspects of night

20. Ottevaere C, Huybrechts |, Benser J, et al. Clustering patterns of eating and its association with weight status among Korean
physical activity, sedentary and dietary behavior among European adolescents. Nutr Res Pract 2016;10:448-55.
adolescents: the HELENA study. BMC Public Health 2011;11:328. 39. Tin SP, Ho SY, Mak KH, et al. Breakfast skipping and change

21. Boone-Heinonen J, Gordon-Larsen P, Adair LS. Obesogenic in body mass index in young children. Int J Obes 2011;35:
clusters: multidimensional adolescent obesity-related behaviors in 899-906.
the U.S. Ann Behav Med 2008;36:217-30. 40. Sallis JF, Nader PR, Broyles SL, et al. Correlates of physical activity

22. Speirs KE, Liechty JM, Wu CF, et al. Sleep, but not other daily at home in Mexican-American and Anglo-American preschool
routines, mediates the association between maternal employment children. Health Psychol 1993;12:390-8.
and BMI for preschool children. Sleep Med 2014;15:1590-3. 41. Chinapaw MJ, Mokkink LB, van Poppel MN, et al. Physical activity

23. Hawkins SS, Cole TJ, Law C. Examining the relationship between questionnaires for youth: a systematic review of measurement
maternal employment and health behaviours in 5-year-old British properties. Sports Med 2010:40:539-63.
children. J Epidemiol Community Health 2009;63:999-1004. 42. Bryant MJ, Lucove JC, Evenson KR, et al. Measurement of

24. Bagley S, Salmon J, Crawford D. Family structure and children’s television viewing in children and adolescents: a systematic review.
television viewing and physical activity. Med Sci Sports Exerc Obes Rev 2007;8:197—-209.
2006;38:910-18. 43. lwasaki M, lwata S, lemura A, et al. Utility of subjective sleep

25. Crawford D, Cleland V, Timperio A, et al. The longitudinal influence assessment tools for healthy preschool children: a comparative
of home and neighbourhood environments on children’s body mass study between sleep logs, questionnaires, and actigraphy.
index and physical activity over 5 years: the CLAN study. Int J Obes J Epidemiol 2010;20:143-9.
2010;34:1177-87. 44, Statistics Bureau Management and Coordination Agency

26. Barradas DT, Fulton JE, Blanck HM, et al. Parental influences on Government of Japan. Social indicators by prefecture of Japan.
youth television viewing. J Pediatr 2007;151:369-73, 373 e1-4. Tokyo, Japan: Japan Statistical Association, 2010.

8 Watanabe E, et al. BMJ Open 2016;6:¢012773. doi:10.1136/bmjopen-2016-012773


http://dx.doi.org/10.3945/ajcn.2009.28153
http://dx.doi.org/10.1038/oby.2007.118
http://dx.doi.org/10.1038/oby.2007.63
http://dx.doi.org/10.1038/oby.2007.63
http://dx.doi.org/10.1136/bmj.e4759
http://dx.doi.org/10.1038/ijo.2009.102
http://dx.doi.org/10.1016/j.maturitas.2011.08.005
http://dx.doi.org/10.1016/j.ypmed.2010.07.018
http://dx.doi.org/10.1038/ejcn.2013.295
http://dx.doi.org/10.1186/1479-5868-10-5
http://dx.doi.org/10.1186/1479-5868-10-5
http://dx.doi.org/10.1111/jpc.12163
http://dx.doi.org/10.1177/1090198114560017
http://dx.doi.org/10.1186/1471-2458-12-1128
http://dx.doi.org/10.1186/1471-2458-11-328
http://dx.doi.org/10.1007/s12160-008-9074-3
http://dx.doi.org/10.1016/j.sleep.2014.08.006
http://dx.doi.org/10.1136/jech.2008.084590
http://dx.doi.org/10.1249/01.mss.0000218132.68268.f4
http://dx.doi.org/10.1038/ijo.2010.57
http://dx.doi.org/10.1016/j.jpeds.2007.04.069
http://dx.doi.org/10.1038/oby.2005.239
http://whqlibdoc.who.int/publications/2010/9789241599979_eng.pdf
http://whqlibdoc.who.int/publications/2010/9789241599979_eng.pdf
http://whqlibdoc.who.int/publications/2010/9789241599979_eng.pdf
http://dx.doi.org/10.1136/bmj.320.7244.1240
http://dx.doi.org/10.1136/jech.2008.077917
http://dx.doi.org/10.1136/jech.2008.077917
http://dx.doi.org/10.1038/sj.ijo.0803682
http://dx.doi.org/10.1038/ijo.2011.82
http://dx.doi.org/10.1016/S0140-6736(03)15268-3
http://dx.doi.org/10.1186/1479-5868-11-4
http://dx.doi.org/10.1016/j.jacc.2010.05.065
http://dx.doi.org/10.4162/nrp.2016.10.4.448
http://dx.doi.org/10.1038/ijo.2011.58
http://dx.doi.org/10.1037/0278-6133.12.5.390
http://dx.doi.org/10.2165/11530770-000000000-00000
http://dx.doi.org/10.1111/j.1467-789X.2006.00295.x
http://dx.doi.org/10.2188/jea.JE20090054

	Clustering patterns of obesity-related multiple lifestyle behaviours and their associations with overweight and family environments: a cross-sectional study in Japanese preschool children
	Abstract
	Introduction
	Methods
	Study design and population
	Measures
	Children's lifestyle behaviours
	Family environments
	Children's anthropometric measurements
	Participant characteristics

	Statistical analysis

	Results
	Study participants
	Cluster patterns of lifestyle behaviours
	Differences in children's weight status and family environments by cluster pattern

	Discussion
	References


