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Abstract: An improved understanding of relationships between moderate-to-vigorous physical
activity (MVPA), screen-time and lifestyle factors is imperative for developing interventions, yet few
studies have explored such relationships simultaneously. Therefore, the study’s aim was to examine
the relationship between sufficient MVPA (≥60 min·day–1) and excessive screen-time (≥2 h·day–1)
with lifestyle factors in children. In total, 756 children (10.4 ± 0.6 years) completed a questionnaire,
which assessed sleep duration, MVPA, homework/reading, screen-time and diet, and a 20 metre
multi-stage shuttle run test to assess cardiorespiratory fitness (CRF). Body mass and stature were
measured and used to calculate BMI (body mass index) for age/sex z-scores. Fruit and vegetable
consumption and CRF were positively associated with sufficient MVPA, irrespective of sex (p < 0.05).
Excessive screen-time was positively associated with sugary snack consumption in boys and girls,
and diet soft drink intake in boys (p < 0.05). In addition, excessive screen-time was negatively
associated with MVPA before school for both boys and girls, as well as with sleep duration and
fruit and vegetable consumption for girls (p < 0.05). Sufficient MVPA and excessive screen-time
were associated with healthy and unhealthy factors, respectively, with relationships sometimes
differing by sex. Future health promoting interventions should consider targeting change in multiple
lifestyle factors.
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1. Introduction

Childhood obesity is a major public health concern [1], particularly in Wales, which has the
highest prevalence in the United Kingdom [2], and often tracks into adulthood [3]. Associated lifetime
health risks are frequently cited, such as cardiovascular disease [4], type 2 diabetes [5] and other
chronic diseases [6]. There is evidence that modifiable lifestyle factors, including physical inactivity [7],
poor diet [8], insufficient sleep [9] and excessive sedentary behaviour [10] are key contributors to the
obesity epidemic in children and all-cause mortality. Conversely, regular physical activity [7], adequate
consumption of fruit and vegetables [11] and sufficient sleep [9] are widely accepted as protective.
Of these lifestyle factors, physical activity and sedentary time have been identified as the most strongly
associated with obesity and health [12,13].
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As well as being shown to have a robust relationship with obesity, regular moderate-to-vigorous
physical activity (MVPA) is also considered to be a preventative measure for poor cardiorespiratory
fitness (CRF) and several other health risk factors in children [7]. The way by which MVPA improves
health is not fully understood [7], but may be partially explained by its relationship with other healthy
lifestyle factors [7,14,15]. Indeed, MVPA is associated with healthy dietary habits, such as increased
fruit and vegetable consumption [15,16], breakfast consumption [17] and a lower intake of unhealthy
sugary snacks [18]. Additionally, MVPA has been associated with improved cognitive function [19]
and longer sleep duration [14], however relationships with the latter are equivocal [20,21]. Despite this,
MVPA levels remain low among children of all ages with less than 20 percent meeting the current
UK physical activity (PA) guidelines of at least 60 minutes MVPA every day [22]. Furthermore,
even children meeting the PA guidelines [23] spend a large proportion of their discretionary time in
sedentary behaviours (up to 9 h daily) [10].

Whilst homework and reading have been identified as prominent sedentary behaviours amongst
children [24], screen-time remains the most prevalent [10] and has been consistently associated with
obesity, poor CRF, cognitive function and overall cardio metabolic health [10]. Moreover, screen-time
is associated with short sleep duration [25,26], less time spent in MVPA [15,27], a poorer diet, such as
lower fruit and vegetable consumption [28], greater intake of soft drinks [29] and unhealthful sugary
snacks [30]. Conversely, the relationship between overall sedentary time and cardiometabolic risk
markers in children is less clear [10,31]. Screen-time, which current public health guidelines recommend
children spend no more than two hours per day engaged in [32], may therefore have a stronger link
with health due to its associations with numerous unhealthy lifestyle factors [15,33].

Previous studies investigating the relationship between screen-time and other lifestyle factors have
solely focused on television (TV) viewing [30,34,35], which, given the vast array of available screen-based
technologies, is no longer representative of modern society. Moreover, evidence investigating activity
behaviours and diet in children has mainly concentrated on screen-time rather than PA, for which data,
specifically amongst British children, is limited. Whilst some studies have investigated relationships
between lifestyle factors and MVPA or screen-time, these have been conducted in isolation. Assessing
both relationships simultaneously will not only enable a better understanding of the associated multiple
lifestyle factors, but inform future interventions.

Therefore, the present study sought to explore associations between multiple lifestyle factors and
being sufficiently active (≥60 min·day–1) or engaging in excessive screen-time (≥2 h·day–1) in children.

2. Materials and Methods

2.1. Participants

Data were captured on children who participated in the Swan-Linx programme, a health and
fitness initiative, which is a sister project to Sportslinx [36,37]. In total, 756 children (371 boys,
385 girls) aged 9–11 years (10.4 ± 0.6 years) participated in the study. Data were collected across
13 socio-demographically representative schools ((WIMD: Welsh index of multiple deprivation) [38]),
within the city and county of Swansea between January and May 2015. The Swan-Linx programme
has University ethical approval for its procedures and measures. Head teacher and parental consent
and child assent were obtained prior to data collection.

2.2. Instruments and Procedures

Anthropometric measurements were obtained using standard anthropometric techniques [39],
by the same trained researcher. Children had their stature and body mass measured to the nearest
0.001 m and 0.1 kg, using a portable stadiometer (Seca 213 portable stadiometer, Hamburg, Germany)
and electronic weighing scales (Seca 876, Hamburg, Germany), respectively. From these measures,
Body Mass Index (BMI) was calculated (BMI = body mass (kg)/stature2 (m)) and BMI z-scores were
derived using the British 1990 growth reference standard [40]. The 20 metre multi-stage fitness
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test (20 MSFT) [41], which has been shown to be valid and reliable in similarly-aged children [42],
was conducted by the same trained researchers using a standardised lap scoring protocol [43] to assess
cardiorespiratory fitness. Both the anthropometric measurements and 20 MSFT were carried out at the
indoor training centre at Swansea University.

Participants were asked to complete an online 29-item lifestyle questionnaire (CHAT: Child
Health and Activity Tool) akin to the paper-based tool used in Sportlinx [44]. The CHAT questionnaire
assessed time spent in MVPA, homework/reading and screen-time, as well as dietary habits, age and
sleep duration. The description of screen-time included time spent watching TV, playing computer
games and tablet/internet use, whereas MVPA was defined as “any activity or sport where your heart
beats faster, you breathed faster and you felt warmer”. Participants were asked to report time spent in
each activity before (8 categories ranging from “no time at all” to “more than 1 hour”) and after-school
(10 categories ranging from “no time at all” to “more than 3 hours”). There were also questions asking
the children how many days a week they engaged in excessive screen-time (≥2 h·day–1) and were
sufficiently active (≥60 min·day–1). Further, participants were asked how many portions of fruit and
vegetables they had consumed the previous day, whether they had breakfast, and how many days
of the week they had at least one of the following: a takeaway meal, a sugary snack, a full sugar soft
drink or a diet soft drink. Participants were asked to report the time they went to sleep and woke up,
from which sleep duration was calculated and split into seven groups (<5.5 h; 5.5–6.4 h; 6.5–7.4 h;
7.5–9.4 h; 9.5–11.9 h; 12–12.9 h; 13–14.5 h). Participants postcodes (i.e., zip codes) were collected to
calculate a WIMD score, which considers eight domains of deprivation; employment; health; income;
housing; community safety; access to services; education and the environment [38].

2.3. Statistical Analysis

Missing data were noted for BMI (8 boys (2.2%), 29 girls (7.5%)), CRF (20 boys (5.4%), 22 girls
(5.9%)), dietary and activity behaviours (11 boys (3%), 12 girls (3.1%)) and sleep duration (16 boys
(4.3%), 18 girls (4.7%)). Statistical analyses were completed using IBM SPSS statistics 22 (IBM SPSS
Statistics Inc., Chicago, IL, USA), where significance was set at ≤0.05. Whilst the normality assumption
was violated, research suggests that it is not necessary when the sample size is large (>200) [45,46],
therefore parametric tests were deemed appropriate. Multi-collinearity diagnostics were applied to
all the variables. Linear regression models, were used to examine the extent to which the lifestyle
factors (BMI z-scores; CRF; screen-time, homework/reading and MVPA before and after school;
fruit and vegetable consumption; breakfast consumption; full sugar soft drink intake; diet soft drink
intake; sugary snack consumption; sleep duration and takeaway meal consumption) and potential
confounders (i.e., WIMD and age) predicted the number of days a week in excessive screen-time and
in sufficient levels of MVPA. Variables with a significant result (p < 0.10) were added to a multiple
regression model using the backward elimination approach. Variables that were not significant
(p > 0.10) were deleted in a stepwise manner, resulting in a model with only significant interactions
(p < 0.05). An independent t-test and a χ2 test for the continuous and categorical variables, respectively,
revealed significant differences between boys and girls and therefore regression models were conducted
separately by sex. For each sex, the dependent variables were split at the median to form high and low
screen-time and MVPA groups. Cut-off points of ≥5 and ≥4 days in sufficient MVPA for boys and
girls respectively, were used to create MVPA groups. To classify screen-time groups, cut-off points of
≥4 and ≥3 days in excessive screen-time for boys and girls respectively were used. To help facilitate
the interpretation of the different associations between the independent and dependent variables,
differences between the high and low groups were tested post hoc using independent t-tests and
χ2 tests for continuous and categorical variables, respectively.
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3. Results

Descriptive statistics for the original data set are presented in Table 1. Boys had significantly
higher CRF (p < 0.01) compared with girls, and engaged in more screen-time before (p < 0.01) and
afterschool (p < 0.01). Furthermore, boys had higher full sugar soft drink consumption (p = 0.01),
spent more time in MVPA after school (p = 0.04), and consumed less fruit and vegetables (p = 0.02).
Breakfast was consumed by 94.1% of the children (93.6% boys, 94.6% girls). There were no significant
sex differences for the number of days a week spent in excessive screen-time [32] or in sufficient levels
of MVPA [23].

Models showing significant associations between the lifestyle factors, being sufficiently active
and excessive screen-time are shown in Table 2. Among boys, time spent in MVPA (p < 0.01) and
homework/reading after school (p = 0.05), CRF (p < 0.01) and fruit and vegetable consumption
(p < 0.01) were positively associated with being sufficiently active. Excessive screen-time was positively
associated with screen-time after-school (p < 0.01), diet soft drink intake (p = 0.03) and sugary snack
consumption (p < 0.01) and negatively associated with MVPA before school (p = 0.01).

For girls, being sufficiently active was positively associated with MVPA after school (p < 0.01),
CRF (p = 0.02) and fruit and vegetable consumption (p < 0.01) and negatively associated with takeaway
meals (p = 0.01). Further, screen-time after school (p < 0.01) and sugary snack consumption (p < 0.01)
were positively associated, whereas MVPA before school (p = 0.01), sleep duration (p = 0.03) and fruit
and vegetable consumption (p = 0.01) were negatively associated with excessive screen-time.

Descriptive characteristics for the high vs. low groups are presented in Table 3. Post hoc analyses
revealed that, irrespective of sex, children in the high PA groups had higher CRF (p < 0.01), consumed
more fruit and vegetables (p < 0.01) and spent more time in MVPA before and after school (p < 0.01).
Girls in the low PA group consumed more takeaway meals (p < 0.01) and had higher screen-time before
school (p = 0.04). Regarding screen-time, girls and boys in the high group had lower CRF (p = 0.02 girls,
p = 0.01 boys), consumed more full sugar (p < 0.01) and diet soft drinks (p = 0.02 girls, p < 0.01 boys)
and consumed more sugary snacks (p < 0.01).

Furthermore, both sexes in the high screen-time groups consumed more takeaway meals
(p = 0.04 girls, p = 0.01 boys), had higher screen-time before and after school (p < 0.01) and spent
less time in MVPA before school (p < 0.01 girls, p = 0.01 boys). Moreover, girls in the high screen-time
group consumed less fruit and vegetables (p < 0.01), while boys in this group spent less time in MVPA
after school (p = 0.01). Although, the number of takeaway meals (p < 0.01) and CRF levels (p = 0.02 girls,
p < 0.01 boys) were significantly associated with excessive screen-time in both sexes when examined
separately, the associations were no longer significant in the final regression model after controlling
for confounders. In addition, despite diet (p = 0.01) and full sugar soft drink intake (p < 0.01) being
univariately associated with excessive screen-time in girls and boys, respectively, these associations
did not remain significant after controlling for other confounders.
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Table 1. Descriptive data.

Characteristics Total Sample (n = 756) Boys (n = 371) Girls (n = 385)

Mean (SD) n Mean (SD) n Mean (SD) n P
Age (years) 10.4 (0.6) 752 10.4 (0.6) 369 10.4 (0.6) 383 0.96

WIMD 850.1 (571.1) 756 819.5 (578.7) 371 879.7 (562.8) 385 0.15
Height (cm) 142.1 (7.8) 731 141.8 (7.4) 366 142.0 (8.2) 365 0.21

Body mass (kg) 38.6 (10.2) 724 38.0 (10.5) 365 39.3 (9.9) 360 0.78
BMI 18.9 (3.8) 723 18.7 (3.8) 365 19.2 (3.7) 358 0.08

BMI z-score 0.6 (1.3) 719 0.6 (1.3) 363 0.6 (1.3) 356 0.06
CRF (No. of shuttles run) 31.0 (16.4) 700 36.3 (18.2) 351 25.6 (12.4) 349 <0.01 *

No. of days a week being sufficiently active 4.4 (2.2) 733 4.4 (2.3) 360 4.4 (2.0) 373 0.97
No. of days a week in excessive screen-time 3.7 (2.4) 733 3.9 (2.4) 360 3.6 (2.4) 373 0.14

No. of days a week drinking at least one full sugar soft drink 1.9 (2.1) 733 2.1 (2.3) 360 1.7 (2.0) 373 0.01 *
No. of days a week drinking at least one diet soft drink 1.3 (2.0) 733 1.4 (2.0) 360 1.3 (1.9) 373 0.28

No. of fruit and vegetable portions eaten yesterday 3.2 (1.9) 731 3.0 (2.0) 360 3.4 (1.8) 371 0.02 *
No. of days a week eating at least one sugary snack 3.2 (1.9) 733 3.2 (2.2) 360 3.2 (2.0) 373 0.71

No. of days a week eating at least one takeaway meal 1.0 (1.3) 733 1.0 (1.4) 360 1.0 (1.3) 373 0.53
MVPA before school (min) 14.2 (15.5) 733 14.6 (15.7) 360 14.0 (15.2) 733 0.16
MVPA after school (min) 54.1 (55.5) 732 60.3 (60.7) 360 48.0 (49.2) 732 0.04 *

Homework/reading before school (min) 10.4 (13.8) 733 10.4 (13.8) 360 10.0 (13.8) 373 1.00
Homework/reading after school (min) 17.7 (25.8) 732 16.2 (25.9) 360 19.0 (25.6) 372 0.12

Screen-time before school (min) 14.0 (18.7) 733 17.1 (20.2) 360 11.0 (16.6) 373 <0.01 *
Screen-time after school (min) 45.1 (52.1) 732 55.7 (59.0) 360 35.0 (41.9) 372 <0.01 *

Sleep duration (h) 9.8 (1.3) 723 9.8 (1.5) 354 9.9 (1.2) 367 0.35

p-Values are based on significance level from the independent t-test for continuous variables (non-italics) or the chi-squared test for categorical variables (italics). * Relationship is
significant. BMI: body mass index; CRF: cardio-respiratory fitness; MVPA: moderate-to-vigorous intensity physical activity; WIMD: welsh index of multiple deprivation.
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Table 2. Multiple regression models conducted separately by sex.

Model Predictors
Boys (n = 371) Girls (n = 385)

B (SE) β P B (SE) β P

No. of days being sufficiently active

MVPA before school (min) - - - 0.01 (0.01) 0.09 0.06
MVPA after school (min) 0.01 (0.00) 0.38 <0.01 * 0.01 (0.00) 0.35 <0.01 *

Homework/reading after school (min) 0.01 (0.00) 0.09 0.05 * - - -
CRF (No. of shuttles run) 0.03 (0.01) 0.20 <0.01 * 0.02 (0.01) 0.11 0.02 *

No. of days a week eating at least one takeaway meal - - - –0.20 (0.07) -0.13 0.01 *
No. of fruit and vegetable portions eaten yesterday 0.27 (0.05) 0.25 <0.01* 0.27 (0.06) 0.24 <0.01 *

R2 (adjusted R2) 0.35 (0.34) 0.30 (0.29)

No. of days in excessive screen-time

MVPA before school (min) −0.02 (0.01) −0.12 0.01 * −0.02 (0.01) −0.13 0.01 *
Homework/reading before school (min) −0.01 (0.01) −0.08 0.08 - - -

Screen-time before school (min) 0.03 (0.01) 0.22 <0.01 * 0.03 (0.01) 0.18 <0.01 *
Screen-time after school (min) 0.02 (0.00) 0.35 <0.01 * 0.02 (0.00) 0.27 <0.01 *

No. of fruit and vegetable portions eaten yesterday - - - −0.17 (0.07) −0.12 0.01 *
No. of days a week drinking at least one diet drink 0.11 (0.05) 0.09 0.03 * - - -

No. of days a week drinking at least one full sugar soft drink - - - 0.12 (0.60) 0.10 0.05 *
No. of days a week eating at least one sugary snack 0.17 (0.05) 0.16 <0.01 * 0.18 (0.06) 0.15 <0.01 *

Age - - - 0.37 (0.19) 0.09 0.05 *
Sleep duration - - - −0.36 (0.17) −0.10 0.03 *

R2 (adjusted R2) 0.41 (0.40) 0.33 (0.32)

CRF: Cardio-respiratory fitness; MVPA: moderate-to-vigorous intensity physical activity. * Relationship is significant.
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Table 3. Descriptive statistics for the high and low screen-time and MVPA groups.

Characteristics
Boys (n = 371) Girls (n = 386)

Low MVPA
(n = 165)

High MVPA
(n = 195)

Low Screen-Time
(n = 187)

High Screen-Time
(n = 173)

Low MVPA
(n = 137)

High MVPA
(n = 236)

Low Screen-Time
(n = 141)

High Screen-Time
(n = 232)

Mean (SD) Mean (SD) P Mean (SD) Mean (SD) P Mean (SD) Mean (SD) P Mean (SD) Mean (SD) P

Age (years) 10.4 (0.6) 10.4 (0.6) 0.16 10.4 (0.6) 10.4 (0.6) 0.27 10.3 (0.6) 10.5 (0.6) <0.01* 10.3 (0.6) 10.5 (0.6) 0.08

WIMD 799.0 (578.9) 834.9 (580.4) 0.56 917.1 (576.6) 771.9 (564.4) <0.01 * 872.3 (546.5) 885.8 (574.2) 0.82 916.0 (566.4) 859.4 (561.8) 0.35

Height (cm) 141.1 (7.8) 142.4 (7.2) 0.10 141.7 (6.9) 141.9 (8.1) 0.84 140.8 (8.3) 143.4 (8.1) <0.01 * 141.6 (8.2) 142.9 (8.2) 0.16

Body mass (kg) 37.8 (11.0) 38.4 (10.3) 0.57 37.9 (9.4) 38.4 (11.8) 0.68 38.3 (10.5) 40.1 (9.7) 0.09 38.5 (9.3) 40.0 (10.0) 0.16

BMI 18.7 (3.8) 18.7 (3.8) 0.93 18.7 (3.5) 18.8 (4.1) 0.79 19.2 (4.2) 19.3 (3.5) 0.65 19.0 (3.5) 19.4 (3.9) 0.29

BMI z-score 0.6 (1.4) 0.6 (1.3) 0.98 0.7 (1.2) 0.6 (1.4) 0.58 0.5 (1.5) 0.6 (1.1) 0.40 0.5 (1.2) 0.6 (1.3) 0.53

CRF (No. of
shuttles run) 30.1 (14.8) 41.1 (19.4) <0.01 * 38.7 (18.7) 33.2 (17.4) 0.01 * 22.5 (10.4) 27.2 (13.2) <0.01 * 27.6 (13.7) 24.1 (11.3) 0.02 *

No. of days a week
being sufficiently

active
2.3 (1.3) 6.3 (0.9) <0.01 * 4.6 (2.2) 4.3 (2.4) 0.25 2.2 (0.9) 5.7 (1.2) <0.01 * 4.5 (2.1) 4.4 (2.0) 0.44

No. of days a week in
excessive screen-time 4.1 (2.5) 3.7 (2.4) 0.10 1.8 (1.0) 6.2 (1.1) <0.01 * 3.7 (2.5) 3.5 (2.3) 0.40 1.1 (0.8) 5.1 (1.6) <0.01 *

No. of days a week
drinking at least one
full sugar soft drink

2.1 (2.2) 2.1 (2.3) 0.93 1.5 (1.9) 2.8 (2.5) <0.01 * 1.9 (2.0) 1.6 (2.0) 0.17 1.2 (1.6) 2.0 (2.2) <0.01 *

No. of days a week
drinking at least one

diet soft drink
1.4 (2.0) 1.4 (2.1) 0.93 1.1 (1.6) 1.8 (2.4) <0.01 * 1.3 (1.9) 1.2 (1.9) 0.69 1.0 (1.6) 1.4 (2.0) 0.02 *

No. of fruit and
vegetable portions

eaten yesterday
2.3 (1.8) 3.7 (2.0) <0.01 * 3.2 (2.0) 2.8 (2.1) 0.06 2.7 (1.6) 3.8 (1.8) <0.01 * 3.8 (1.8) 3.1 (1.7) <0.01 *

No. of days a week
eating at least one

sugary snack
3.2 (2.3) 3.3 (2.2) 0.56 2.4 (1.8) 4.1 (2.4) <0.01 * 3.2 (2.0) 3.2 (2.1) 0.93 2.5 (1.7) 3.6 (2.1) <0.01 *

No. of days a week
eating at least one

takeaway meal
1.0 (1.4) 1.1 (1.3) 0.51 0.9 (1.1) 1.2 (1.6) 0.01 * 1.2 (1.5) 0.8 (1.2) <0.01 * 0.8 (1.3) 1.1 (1.3) 0.04 *

MVPA before
school (min) 9.6 (12.5) 18.9 (16.9) <0.01 * 17.7 (17.4) 11.3 (13.1) 0.01 * 10.7 (14.5) 15.4 (15.1) <0.01 * 17.9 (16.7) 11.1 (13.3) <0.01 *
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Table 3. Cont.

Characteristics
Boys (n = 371) Girls (n = 386)

Low MVPA
(n = 165)

High MVPA
(n = 195)

Low Screen-Time
(n = 187)

High Screen-Time
(n = 173)

Low MVPA
(n = 137)

High MVPA
(n = 236)

Low Screen-Time
(n = 141)

High Screen-Time
(n = 232)

MVPA after
school (min) 32.2 (42.7) 84.0 (63.5) <0.01 * 69.8 (62.2) 49.9 (57.4) 0.01 * 25.4 (31.2) 61.5 (53.0) <0.01 * 55.6 (50.2) 43.7 (48.3) 0.24

Homework/reading
before school (min) 8.4 (11.9) 12.2 (14.9) 0.08 11.6 (14.5) 9.2 (12.9) 0.35 8.8 (12.6) 11.3 (14.4) 0.70 12.5 (14.6) 9.1 (13.2) 0.20

Homework/reading
after school (min) 12.7 (20.7) 19.1 (29.4) 0.25 16.5 (23.4) 15.9 (28.4) 0.81 14.7 (16.9) 21.8 (29.3) 0.39 19.4 (20.5) 19.1 (28.3) 0.53

Screen-time before
school (min) 18.8 (21.0) 15.7 (19.4) 0.72 9.9 (13.9) 24.8 (22.9) <0.01 * 14.3 (18.9) 9.1 (15.0) 0.04 * 5.4 (11.6) 14.4 (18.4) <0.01 *

Screen-time after
school (min) 61.2 (62.1) 51.0 (56.0) 0.21 28.9 (38.1) 84.6 (63.9) <0.01 * 41.5 (47.0) 31.1 (38.4) 0.29 17.0 (26.5) 45.9 (45.9) <0.01 *

Sleep duration (h) 9.7 (1.5) 9.8 (1.4) 0.55 9.9 (1.3) 9.6 (1.6) 0.11 9.9 (1.2) 10.0 (1.2) 0.97 10.1 (1.2) 9.8 (1.2) 0.12

p-Values are based on significance level from the independent t-test for continuous variables (non-italics) or the chi-squared test for categorical variables (italics). * Relationship is
significant. BMI: body mass index; CRF: Cardio-respiratory fitness; MVPA: moderate-to-vigorous intensity physical activity; WIMD: welsh index of multiple deprivation. The cut-off
value for MVPA was ≥5 and ≥4 days in sufficient MVPA for boys and girls respectively. The cut-off value for screen time was ≥4 and ≥3 days in excessive screen-time for boys and
girls respectively.
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4. Discussion

The present study aimed to explore associations between MVPA, sedentary time and multiple
lifestyle factors in 9–11 years old children. Of note, there was no inverse relationship between days
spent in excessive screen-time and sufficient levels of MVPA or vice versa. Although studies have
reported an inverse relationship between sedentary time and MVPA [47], there is insufficient evidence
to assume a reciprocal relationship [47]. Whilst both behaviours may directly compete with each
other during a specific time period (e.g., after school) [47], the same may not be true for an entire
day or across a week [48]. Further, similar to previous research [15,25,29,49], excessive screen-time
was associated with unhealthy factors, which were different to those inversely related to sufficient
levels of MVPA. Indeed, available evidence suggests that they are two separate entities [9], which are
independently associated with health [10].

While boys were more active than girls after school, both were sufficiently active for the
same number of days a week. Consistent with a recent review [7], sufficient levels of MVPA were
positively related to CRF independent of sex. Aside from low CRF, low fruit and vegetable intake is
another weight-related risk factor [11]. In agreement with previous research [15,16,50], strong positive
associations between fruit and vegetable consumption and sufficient levels of MVPA were observed
in both sexes. Conversely, Pereira et al. [51] found a negative relationship, whereas Vissers et al. [52]
and Jago et al. [53] found a positive relationship in boys and girls, respectively. The equivocal findings
may, in part, be a result of different methodologies and sample characteristics; Pereira et al. [51] found
active children engaged in more screen-time, and studies have suggested a negative relationship
between screen-time and fruit and vegetable consumption [29,49]; in contrast to the present study,
Vissers et al. [52] found MVPA to be significantly higher in boys and Jago et al. [53] recorded dietary
and PA measures 12 months apart.

Sleep duration is an important component of health in children [9] and has been associated with
MVPA, however evidence is scarce and contradictory. In our study, sufficient levels of MVPA were
not associated with sleep duration. On the contrary, Stone et al. [14] found MVPA to be higher among
children with >10 h of sleep per night compared with those who slept <9 h per night. However, it is
noteworthy that Stone et al. [14] used parental report to assess sleep duration, which is thought to have
questionable reliability, as parents tend to overestimate sleep duration [54,55]. Although children can
also overestimate sleep duration [56], our finding that sleep duration was not associated with MVPA is
in agreement with several studies that measured sleep duration objectively [21,57]. In children of this
age, sleep duration may be more susceptible to environmental factors, such as social activities or school
arrangements than the actual need for sleep [57], which may explain why MVPA was not directly
associated. However, MVPA has been associated with better sleep efficiency [57,58] and shorter sleep
latency [57] and is therefore considered beneficial for sleep in children.

Converse to a systematic review [59], this study did not find an association between BMI and
sufficient levels of MVPA irrespective of sex. There was a large amount of data missing for BMI in girls
(7.5%); although the weight status of these girls is unknown, it is possible that they were overweight
or obese. The extent to which this biased results is unclear, however it may provide a reason for why
there was no association between BMI and MVPA in girls. Further, this relationship may be more
related to the intensity of PA as opposed to total PA [60]; therefore the aggregation of moderate (MPA)
and vigorous (VPA) physical activity may, in part, explain this discrepancy.

The lack of association between excessive screen-time and BMI-z scores in the present study,
may have been due to the low prevalence of reported screen-time in the sample. On average, children
engaged in ≥2 hours of screen-time for only 3.7 days a week, compared with the average of 3 hours per
day reported in studies observing a relationship between screen-time and adiposity in children [12,61].
Therefore, perhaps only higher durations of screen-time are associated with adiposity in children [10].
Although the underpinning mechanisms behind the relationship between screen-time and adiposity
are not completely understood [10], the association between screen-time and elements of a less healthy
diet is believed to be a contributing factor [29]. Sugary snack consumption was positively associated
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with excessive screen-time in this study, in agreement with previous research [28,29,49]. As sugary
snack consumption has been shown to increase overall caloric intake [8], it may be an important factor
in the screen-time and obesity/overweight relationship. Screen-time may influence sugary snack
consumption in children in several ways, through exposure to advertisements for sugary snacks on
TV or online [62], reduced sensitivity to satiety cues and messages imbedded in TV programmes [63].
Interestingly, diet soft drinks are the most highly advertised product on TV [62], and since boys watch
more TV [33,64], they are more exposed to these advertisements which may explain the positive
relationship between diet soft drinks and excessive screen-time in boys.

For girls only, low fruit and vegetable consumption was associated with screen time, consistent
with a recent review by Pearson and Biddle [49]. It is not clear why the relationship only exists
in girls, but it may be partially explained by the positive but non-significant relationship between
sufficient levels of MVPA and excessive screen-time in boys (p = 0.08). Similarly, others have also
found high levels of MVPA and screen-time to co-exist in boys [65,66]. Therefore, fruit and vegetable
consumption may be higher among boys who engage in excessive screen time as they are also
achieving sufficient levels of MVPA, since a positive relationship exists between the latter and fruit
and vegetable consumption.

In contrast to previous research [25,26], we observed a negative relationship between screen-time
and sleep duration only in girls. The reason for this sex difference is not clear, but mobile phone
and MP3 player use is higher among girls, whereas watching TV and video gaming is higher among
boys [64]. As mobile phones and MP3 players are easier to hide from parents in bed [67], it could be
postulated that the more frequent use of these devices by girls before bedtime could reduce sleep time.

The negative relationship observed between MVPA before school and excessive screen-time may
reflect findings from Gorely et al. [68] whereby adolescents who commuted to school via motorised
transport were more likely to spend their discretionary time watching screens. Since active travel is
considered the main source of MVPA before school [36], it is possible that children who engaged in
excessive screen-time commuted to and from school via motorised transport. However, since few
studies have investigated associations between active travel to school and screen-time in children to
date, more research is needed to confirm the potential influence of active travel on habitual screen-time.

We found positive associations between MVPA and screen-time after-school and meeting and
exceeding their respective recommendations, respectively, which supports the hypothesis that the
after-school period is key for the accumulation of MVPA and screen-time [36]. Indeed, Atkin et al. [24]
revealed that time spent in both screen-time and MVPA during the after-school period (15:30–18:30)
accounted for approximately 30% and 40%, respectively, of daily totals. Further, Olds et al. [27] found
that during this period the greatest variation in MVPA levels occurred between high active and low
active children.

Although screen-time and MVPA are the most prominent behaviours during the after-school
period [24,69], productive sedentary behaviours, such as homework and reading, also occur and are
thought to directly compete with MVPA [70]. However, in the present study, there was a positive
relationship between homework/reading after school and sufficient levels of MVPA in boys, similar to
data reported in adolescents [71]. In accord with Booth et al. [19], this suggests that there is time for
both MVPA and homework and reading throughout the day and provides support for the beneficial
influence of MVPA on school endeavours in boys at least. In contrast to most types of screen-based
sedentary behaviours, these productive sedentary behaviours are considered essential for a child’s
education and development [9].

The present study has numerous strengths. Firstly, to the authors’ knowledge, it is the first
study to investigate the associations of both sufficient levels of MVPA and excessive screen-time
with multiple lifestyle factors in children within the same sample. The integration of new types of
technology for assessing screen-time advances previous research, which focused solely on television
viewing [30,34,35]. This is important as screen-time is constantly changing due to technological
advances, and multifunctional devices such as tablets, smartphones and computers are now frequently
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used by children [64]. Moreover, children regularly engage in two or more forms of screen viewing
simultaneously [72]. Therefore, children can over-report screen-time when responding to certain
self-report questions, however we were able to address this with our excessive screen-time question.
Further, the sample was socio-demographically representative of the area and the detailed information
collected enabled us to control for a number of variables. Also, while there is sufficient research
investigating associations between diet and MVPA in adults [73] and adolescents [74], there is a
paucity of research among children. In addition, the present study established a number of sex
differences in relationships, uncommon in the literature. These may be a function of measurement
issues, but equally, they may just be sample dependent, differing by cultural environments, age or
country of study.

Nonetheless, certain limitations should be acknowledged. Given the cross-sectional nature of the
study, it is not possible to infer causal relationships and future research should clarify such complex
relationships by examining longitudinal associations. In addition, the time-specific measures used
to assess diet, MVPA, screen-time and sleep duration may not have captured habitual behaviour.
Future studies should seek to assess diet [28,52] and screen-time [75] using 7 day diary/logs and
similarly PA [13] and sleep duration [76] for 7 days by accelerometer. Measuring PA using an
accelerometer also allows researchers to quantify intensity, which the questionnaire did not allow as
it primarily focused on the frequency and duration of PA. Indeed, MPA and VPA were aggregated,
and VPA is more consistently associated with health [7]. Moreover, the comparably low prevalence of
excessive screen-time found in the sample may be due, at least in part, to social desirability, inherent
in self-reporting [75]. Unfortunately, as the screen-time measure is an aggregate of three behaviours,
we could not examine TV viewing, playing computer games and tablet/internet use separately.
There is evidence to suggest that internet use for productive purposes, is not related to poor lifestyle
habits in adolescents [77]. Even internet use for gaming may have less of an impact on poor lifestyle
habits, such as snacking than TV viewing, particularly in boys [78]. Direct comparisons between
this cross-sectional study and others are limited by the different study designs and methodologies
used to assess behaviours. Whilst, previous studies examining multiple lifestyle factors have used
approaches such as cluster and co-occurrence analyses [51,79], this is one of the few to explore
the independent associations between MVPA, screen-time and several other lifestyle factors, while
simultaneously controlling for potential confounders. The approach utilized in the present study
enabled the identification of several important lifestyle factors, which could be beneficially influenced
through implementing interventions designed to change MVPA and screen-time. As such, the study is
of significant public health interest.

5. Conclusions

Taken together, the present study enables researchers to gain a better understanding of other
lifestyle factors associated with MVPA and screen-time in children. Specifically, both healthy and
unhealthy lifestyle factors, differing by sex, were associated with sufficient levels of MVPA and
excessive screen-time respectively. Future interventions seeking to promote health behaviours, should
target change in multiple lifestyle factors, with sex-specific strategies. Further, the home environment
is recognised to have a large influence on lifestyle factors in children, particularly on sedentary time
and MVPA [80]. Therefore, research exploring lifestyle correlates of MVPA and sedentary time within
this environment is needed.
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