10

11

12

13

14

15

16

17

18

19

20

21

22

23

Clustering of environmental factors in the home

Title; Clusters of activity-related social and physical home
environmental factors and their association with children’s

physical activity and sedentary behaviour

Abstract

Purpose; Understanding which physical activity (PA) and sedentary behaviour correlates
cluster in children is important, particularly in the home, where children spend significant time.
Therefore, this study aimed to assess clustering of social and physical activity-related factors
at home, and whether these clusters are related to home-based sitting and PA in children. A
secondary aim was to explore whether the clusters were associated with child, parent and

family characteristics.

Methods; Altogether, 235 children (55% girl, mean age = 10.2 £ 0.7 years) and their parents
took part. Physical (e.g., PA and electronic media equipment, house and garden size, layout)
and social (e.g., activity preferences, priorities, parental rules) home environmental factors
were obtained via the HomeSPACE-II audit and self-report, respectively. Principal component
analysis (PCA) was used to identify clusters of physical and social environmental factors.
Backward regression analysis and partial correlations were used to examine relationships
between clusters, children’s (55% girl, mean age = 10.2 + 0.7 years) device-measured home-

based activity behaviours and background characteristics.

Results; The findings show that physical and social environment activity-related factors at
home cluster. The clusters were associated with several background characteristics, with
socioeconomic factors appearing to be particularly influential. The clusters were also

associated with home-based activity behaviours in the hypothesised directions.
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Conclusion; Interventions which target clusters of social and physical factors at home,

especially among low-socioeconomic status (SES) families, are warranted.

Key words; Physical activity, sitting, home, clusters, physical environment, social

environment, correlates

Introduction

Physical activity (PA), irrespective of intensity, is an important preventative measure for
obesity and many other health risk factors in children (1). Although moderate-to-vigorous
intensity physical activity (MVVPA) has been shown to be the most beneficial to health (1),
those meeting the government recommended levels of at least 60 minutes of MVVPA, on
average, every day (2) remain low (3). Specifically, in Wales, only a third of children have
been classified as sufficiently active (4). Moreover, children also spend a significant amount
of time in sedentary behaviours (7-8 h daily) (5), characterised by ‘an energy-expenditure
below 1.5 metabolic equivalents (METS), while in a sitting, lying or reclining posture’ (6).
Screen-time is the most prominent of these (>5 h daily) (7), and has been adversely
associated with obesity and overall cardio metabolic health (8). Further, how sedentary time
is accumulated may also be important, as more frequent breaks in sedentary time have been
shown to improve short-term metabolic indicators in children (9). While research has shown
significant health consequences of excessive sedentary time and infrequent sedentary breaks
in adults (10), the health effects are equivocal in children. However, this is likely, at least in
part, because chronic diseases do not manifest until later in life. Nonetheless, due to evidence
that children’s behaviour habits can persist into adulthood (11), high levels of sedentary time,

particularly of a prolonged nature (12), are a public health concern.



49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73
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Ecological models emphasise the influence of the environment on PA and sedentary
behaviour (13). Outside of school, children spend a large proportion of time in their
neighbourhood and home environments. While the influence of the neighbourhood
environment on children’s PA and sedentary behaviour has received much attention (14-16),
less is known about the impact of the home environment (17). However, the availability of
household and bedroom media equipment are consistent physical environment correlates of
screen-time (17,18). Moreover, PA equipment has been shown to promote PA (19,20) and
discourage sedentary behaviour (17,20). Musical instruments have also been inversely related
to sedentary time (21). Further, qualitative research has identified that house and garden size
influences children’s PA and sedentary behaviour at home (22). Parents play a particularly
important role in influencing their children’s PA and sedentary behaviour (17); parental PA
levels, support and co-participation are all identified as important correlates of children’s PA
(23,24), whereas parental screen-time and electronic media rules are consistent correlates of
children’s sedentary behaviour (17,18). This evidence supports the notion that both the
physical and social home environment have an important influence on children’s PA and

sedentary behaviour (17,18).

Although studies have assessed individual physical and social environment activity-related
factors, only a limited number of studies have examined clustering or the co-occurrence of
such factors (25,26). Understanding which social and physical factors with a known influence
on children’s PA and sedentary behaviour cluster or co-occur is important, as the co-
occurrence of PA and sedentary behaviour correlates is likely to have a synergistic effect
(27), similar to the synergistic effect of multiple unhealthy behaviours on overweight and
obesity observed in studies (28-30). Moreover, identifying which social and physical factors
cluster may enable more efficient interventions, by informing strategies which target multiple

factors simultaneously. Given that children spend more time at home than anywhere else
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(31,32), clusters of such factors within the home environment may be particularly important.
There is some evidence that physical and social environmental factors cluster at home
(25,26). Specifically, at least two studies have shown that low parental screen-time and high
PA equipment availability cluster (25,26). Moreover, low media equipment availability and
greater family rules have also been found to cluster (25). However, these studies also
examined factors outside the home as well as dietary behaviours. Investigating clustering of
activity-related social and physical factors solely within the home, would provide a more
nuanced understanding for home-based interventions aiming to promote active living in

families.

To determine how clusters may arise and which groups are most in need of intervention, it is
important to identify the background characteristics associated with the potential clusters.
Previous studies have shown child BMI as well as parental education, age and ethnicity to
relate to clusters of diet and activity-related parenting practices (26,33). Children’s activity
preferences, parental income, family situation and deprivation have been shown to be
important influences on children’s PA and sitting behaviour in the literature (18,34,35),
therefore we hypothesise they may be associated with the potential clusters of physical and
social activity-related environmental factors. To establish the importance of each cluster to
children’s PA and sedentary behaviour, associations between the clusters and children’s PA
and sedentary behaviour will be explored. Given ecological models posit that behaviour is
most likely influenced by the environment in which it occurs, investigating sedentary
behaviour and PA at home will be important (13). Yet, to the authors knowledge, no study
has investigated how clusters of social and physical activity-related factors at home relate to

children’s objectively measured home-based PA and sedentary behaviour.

The main aim of this study was to investigate clustering of social and physical activity-related

factors within the home, and whether these clusters are related to home-based sitting, sitting
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breaks, MVPA and total physical activity (TPA) in children. A secondary aim was to
examine whether clusters are associated with parental, family and child characteristics to
inform interventions. We hypothesise that the social and physical activity-related factors
within the home will cluster, and that healthy clusters will positively relate to healthy
behaviours at home (MVPA, TPA, sitting breaks) and negatively relate to unhealthy

behaviours at home (sitting time).

Methods

Participants

The HomeSPACE study is a cross-sectional observational study investigating the influence of
the home environment on children’s home-based PA and sedentary behaviour (32,36).
Participants were recruited for this study via primary schools. Between November 2017 and
July 2018, 11 out of 23 socio-demographically representative primary schools which were
contacted provided headteacher consent to participate in the study. From these schools, the
890 children from school years 5 and 6 (9-11 years old) were provided with project
information. Participation was incentivised; families were offered entry into a prize draw to
win a family pass for an outdoor activity centre and children were offered a sedentary time
and PA report. Informed parental/guardian consent and child assent were received from all
235 children (55% girls, aged 10.2 £ 0.7 years) and their parents (n=228) [26% response].
Procedures complied with the declaration of Helsinki and ethical approval was obtained from

the University ethics committee.

The physical home environment
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Physical factors within the home which are hypothesised to influence children’s PA and
sedentary behaviours at home (22) were assessed using the validated HomeSPACE-II
instrument (37). Parents were asked to walk around each room/area in their house and garden
and use the audit to record the presence, amount and accessibility of 41 items, including
media equipment (e.g., TV, computer), PA equipment (e.g., balls, trampoline) and musical
instruments (e.g., drums, piano), for up to 22 room/areas. Each item’s accessibility was rated
on a A-D scale, ranging from (A) “put away and difficult to get to” to (D) “in plain view and
easy to get to”. There were also additional questions referring to electronic media (smart
phones, TV service, movie/TV streaming service). From the audit data, summary scores were
calculated measuring the accessibility and availability of PA equipment, overall and bedroom
media equipment, and musical instruments. The higher the score, the greater the “presence”
of that item type in the home. A binary variable was also created to determine the presence of
an open plan living area. To aid interpretation, the total number of each item type and
rooms/areas were calculated. Physical activity equipment included active video game systems

(e.g., Wii fit, X-box Kinect, PlayStation move).

Social and individual factors

Family priorities and preferences for home-based activity (38) and parental media rules (39)
were assessed with questions demonstrated to be valid and reliable. The first question asked
three items on perceived parental importance of activities: “When at home, how important is
it to you that your child [plays electronic games/computer]; [does some active play]; [watches
TV/movies]?” with responses ranging from (1) ‘very unimportant’ to (5) ‘very important’.
The second question asked parents what activities their child prefers to do when at home; (1)

sitting OR running around; (2) playing indoors OR playing outdoors; (3) playing electronic
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148  games/computer OR active types of play; (4) watching TV/movies OR active types of play;
149  and (5) quiet activities OR energetic activities. Similarly, parents were asked what activities
150  they preferred to do at home; (1) watch TV/movies with their child OR engaging in PA with
151 their child; (2) watch TV/movies OR being physically active; (3) using the

152  computer/electronic games OR being physically active; (4) play electronic games/computer
153 with their child OR PA with their child; (5) indoor activities with their child OR outdoor
154  activities with their child; (6) be indoors OR outdoors; and (7) quiet pursuits OR active

155  pursuits. Child and parental activity preferences were recorded on a five-point scale: (1)
156  ‘almost always’ (2) ‘mostly’ (3) ‘about equal’ (4) ‘mostly’ (5) ‘almost always’. For each
157  activity preference scale, scores were generated using the mean responses, where a higher
158  score represented a preference for PA activities. Another item assessed the presence of a
159  maximum number of h/day screen-time rule (yes/no).

160

161  Objectively measured home-based physical activity and sedentary

162  behaviour

163

164  Children wore an ActiGraph GT9X (Pensacola, Florida, USA) and activPAL3 micro (PAL
165  Technologies, Glasgow, UK) to assess PA (TPA and MVPA) and sedentary behaviour

166  (sitting and sitting breaks), respectively. Sitting breaks were considered as transitions from
167  sitting to standing/stepping (6). The monitors were fitted at school by trained researchers to
168  ensure they were attached correctly and that the children knew how to remove and re-attach.
169  Participants were encouraged to wear the monitors at all times (including when bathing, but
170  excluding swimming), for seven consecutive days. A diary was provided for parents to record
171 child sleep and wake times, device removals, sickness days and when the child was at home.

172 “Home” included one location, covering the house, driveway and verge area of the child’s
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main home (i.e., the home where they spent most of their time, excluding homes of other
parents or relatives etc.). Although most diaries were completed by the parents, to minimise
missing data, children were asked to complete the diary if parents were unable to. Families

were also contacted for further information for incomplete diary entries.

The activPAL shown to have excellent validity in children (40), was protected by a
waterproof nitrile sleeve and positioned on the mid-anterior aspect of the right thigh using a
hypoallergenic dressing (3M Tegerderm or Hypafix Transparent). Additional dressings and
sleeves, as well as instructions for correct attachment were provided. The activPAL data
processing protocol has been described elsewhere (32), but briefly, the data was downloaded
in the manufacturer software (V8.10.8.32, PAL technologies, Glasgow, UK) and the resultant
Event.csv files were processed in Processing PAL-V1.1 (Leicester, UK) with a validated
algorithm that calculates waking hours, extended non-wear time (> 5 h) and invalid data
(41,42). Diary-reported non-wear time considered feasible were also removed. In addition,
based on inspections of the data and methods used elsewhere (43), > 3 h bouts of sitting/lying

or standing with no transitions were also treated as non-wear time.

Children wore the ActiGraph GT9X on their non-dominant wrist (44), as wrist-worn
accelerometers have been shown to improve compliance [39] and have comparable validity to
hip-worn accelerometers (46). Devices were set to collect data at 30 Hz (47), which was
summed over 5-sec epochs. ActiLife V6.13.3 (ActiGraph software) was used to initialise,
download and process files. Chandler wrist-based cut-points (48), applied to the vector-
magnitude, were used to categorise MVPA (>818 counts/5-secs) and TPA (>162 counts/5-
secs). Non-wear periods, identified as >90 minutes of consecutive zero counts (49), were

removed.
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To calculate home-based PA and sedentary behaviour, time at home was imported into both
the ActiLife and Processing PAL software, respectively, and matched with time-stamped
data. To be included in the analyses, participants were required to have satisfactorily
completed home logs, and at least 1 day that had > 3 h of data at home (50) when the device
was worn for >75% of the time (51). Sickness days were also removed. ActivPAL and
ActiGraph data in minutes, divided by waking wear time at home in minutes, were multiplied

by 60 to produce outcome variables expressed as averages/h (52).

Children personal information and anthropometric measures

Within school, trained researchers measured children’s stature and body mass to the nearest
0.1 cm and 0.1 kg (53), using a portable stadiometer (Seca 213 portable, stadiometer,
Hamburg, Germany) and electronic weighing scales (Seca 876, Hamburg, Germany),
respectively. Subsequently, body mass index (BMI) was determined, and BMI z-scores were

calculated using the WHO (World Health Organization) growth reference charts (54).

House and garden size estimates

Using geographic information system techniques (GIS), Ordnance Survey MasterMap
(OSMM) (55) and AddressBase Premium (ABP) (56), house and garden size were assessed
for each postcode unit. For homes (min — max: 4 - 82), the building footprint area was
determined in OSMM and non-residential buildings defined by ABP were filtered out. Using
the same process, garden size (front and back combined) for homes (min — max: 2 — 82)

defined by OSMM (57) was calculated. To estimate house size, a median of the building
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footprints was calculated and multiplied by the number of floors. A median garden size was

also computed for each postcode unit.

Additional Measures

Parents reported their ethnicity; those responding with White were coded as 0 and other
responses (i.e., Mixed race, Asian or Asian British, Black or Black British, Chinese) were
coded as 1 (defined as ethnic minorities). Parents also reported their highest level of education,
which was collapsed into three categories: (1) some secondary school/completed secondary
school; (2) trade qualifications or apprenticeship/diploma or certificate; and (3) university
degree or higher. Pre-tax annual household income was also reported using seven categories
ranging from (1) < £10, 000 to (7) > £100, 000. Further, parents reported their sex, age, whether
they own or rent their home, the number of people at home and their residential postcode.
Welsh Index of Multiple Deprivation (WIMD) scores (58) were also generated from postcodes.
For descriptive purposes, socio-economic status (SES) tertiles were derived according to
WIMD scores; low (1-636), medium (636-1272) and high (1272-1909). Hours of daylight for
the participant’s respective location’s during each measurement day were determined using the

Time and Date sunrise and sunset calculator (59).

Statistical analysis

All analyses were conducted using SPSS version 26 (IBM SPSS Statistics Inc., Chicago, IL,
USA). All social and physical home environment variables were converted to standardised z-
scores. A principal component analysis (PCA) was performed to examine clustering of activity-

related home environmental variables. Oblique rotation was used because of the hypothesised
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correlation between the extracted components (60). The scree plot (60) and eigenvalues (> 1)
(61) were used to determine the number of components. Items with component loadings of £
0.4 (62) and no cross loadings above + 0.50 (63) were retained and considered part of a
component. If an item was within + 0.05 of the applied loading, the decision as to whether they
were included was discussed within the author team and a consensus was achieved based on
theoretical rationale. The final solution was significant in the Bartlett test of sphericity (60),
had a KMO value above 0.5 (61), and components explained > 50% of the total variance (64).
To calculate cluster scores, the home factors were multiplied by their component loadings and
summed for each component (26). Due to the exploratory nature of the analyses, a backwards
linear regression was used to assess associations between the cluster scores and child (BMI and
activity preferences), parent (income, family situation, age, ethnicity and education) and family
(number of people, WIMD scores, home ownership) characteristics. Partial correlation
analyses were used to assess associations between cluster scores and the four home-based
behaviour outcomes (min/h spent sitting, in MVPA and TPA, and the number of sitting
breaks/h). As there were sometimes more than one child per family taking part (n =7), there
was the potential of home-level clustering. Therefore, all analyses were adjusted for home
clustering. All analyses were also corrected for child, parent and family characteristics, as well
as daylight hours, parental age and the age and sex of the child. Paired t-tests showed significant
differences between weekdays and weekend days for the behavioural outcomes. However,
separate analyses had minimal impact on results; thus, data for the weekday and weekend days

were combined.
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Results

Descriptive statistics are presented in Table 1. Children spent 40.3 +5.9,21.6 +4.7,6.7 £ 2.3
mins sitting, in TPA and in MVPA per hour, respectively, and had 7.0 + 1.9 sitting breaks per
hour, at home. Most participating parents were female (83%), owned their home (86%), held a
university degree (54%) and lived in the highest socioeconomic status (SES) location (59%).
Most parents had a ‘maximum h/day of screen-time’ rule (69%) and considered engaging in
active play at home ‘important’ or ‘very important’ for their child (75%) and watching
TV/movies (68%) and playing electronic games/using computer (65%) at home as ‘un-
important’ or ‘very un-important’ for their child. On average, parents also reported that both
they and their child enjoyed sedentary and PA activities at home ‘about equal’. Homes had
11.5 + 2.1 rooms/areas, with a large proportion having an open plan living area (57%). Homes,
on average, had 27.7 + 18.3 items of PA equipment, 2.0 + 2.1 musical instruments, 11.6 + 4.7
media equipment items overall, and 1.9 + 1.7 media equipment items in the primary child’s
bedroom. Lastly, homes mainly had digital TV subscriptions (82%), 3-4 smartphones and

movie/TV streaming service access (77%).
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Table 1. Participant characteristics and descriptive statistics.

Variable Mean (SD) or % n
Parent Characteristics
Parent age 41.5 (5.7) 211
Parent gender (% female) 83% 213
Parent ethnicity 213
White 91%
Ethnic minority 9%
Parent education 207
Secondary school or lower 12%
Diploma/Trade 34%
University degree or higher 54%
Pre-tax annual household income ** 200
<£10, 000 - £30, 000 22%
>£30, 000 - £70, 000 55%
>£70, 000 - >£100, 000 23%
Child Characteristics
Child age 10.2 (0.7) 233
Child sex (% girl) 55% 235
Child BMI-z-score 0.6 (1.1) 233
% of children meeting overall MVVPA guidelines (ActiGraph) ** 97% 214
Family Characteristics
Number of siblings (< 18 yrs) at home 1.2 (0.9) 213
Number of people at home 4.1(1.1) 213
Family situation 213
Single parent/other 19%
Two parent 81%
Home ownership 213
Rent 14%
Own 86%
SES (based on WIMD scores) *** 220
Low 14%
Medium 27%
High 59%
Home Characteristics
Objectively measured house size (m? 145.0 (52.1) 207
Objectively measured garden (i.e., front and back) size (m?) 269.0 (166.7) 214
Audit Variables
Total no. of rooms/areas ** 11.5(2.1) 210
Presence of an open plan living area (% yes) 57% 211
Equipment variables
No. of PA equipment items ** 27.7 (18.3) 210
PA equipment accessibility and availability score 86.7 (63.1) 209
No. of media equipment items ** 11.6 (4.7 210
Media equipment accessibility and availability score 44.2 (18.2) 209
No. of bedroom media equipment items ** 1.9 (@.7) 212
Bedroom electronic media accessibility and availability score 6.9 (6.3) 210
No. of musical instrument items ** 2.0(2.2) 210
Musical instrument accessibility and availability score 7.2 (71.5) 209
Electronic Media
TV service 213
Digital (e.g., SKY, BT etc...) 82%
Freeview or other 18%
Movie/TV streaming service subscription (% yes) 77%
Number of smartphones 213
1-2 25%
3-4 62%
5-6 12%
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7-8 0.5%
>8 1%
Social and Individual Factors 207
Child activity preferences at home 2 3.3(0.8)
Parent activity preferences at home 2 3.3(0.7)
Parent perceived importance of active play at home for child 3 4.0 (0.8)
Parent perceived importance of watching TV/movies at home for 2.2 (0.7)
child 3

Parent perceived importance of playing electronic games or using 2.3 (0.8)
the computer for fun at home for child 2

Maximum h/day of screen-time rule (% yes) 69% 206
Additional variables

Daylight hours (h/day) 13 (3.4) 235
Behaviour Variables

Home-based activPAL outcomes 207

Full days of activPAL wear at home 5.3(1.1)

h/full day of activPAL wear at home 5.8 (1.6)

Min/h spent sitting, % of time at home* 40.3 (5.9), 67%

Number of sitting breaks/h 7.0 (1.9

Home-based ActiGraph outcomes 214

Full days of ActiGraph wear at home 5.5(0.9)

h/full day of ActiGraph wear at home 5.8 (1.6)

Min/h spent in MVPA, % of time at home* 6.7 (2.3), 11%

Min/h spent in TPA, % of time at home* 21.6 (4.7), 36%

11 =strongly disagree; 5=strongly agree; 2 1=almost always - sedentary; 5=almost always — PA; 31=very
unimportant; 5=very important; *% proportion of time at home; **=Displayed for descriptive purposes only
***=Displayed as tertiles for descriptive purposes only. MVPA: moderate-to-vigorous intensity physical
activity; BMI: body mass index; WIMD: Welsh index of multiple deprivation; SES: socio-economic status.
TPA: total physical activity; PA: physical activity.

Clustering of activity related social and physical environmental factors

Six home environment clusters were identified in the PCA (Table 2). The first cluster included
high parental preference for PA activities at home, low accessibility and availability of media
equipment both overall, and in the primary child’s bedroom, as well as no access to a
movie/streaming service (‘low availability and accessibility of electronic media equipment’
cluster). Cluster two included larger house and garden sizes and a high accessibility and
availability of PA equipment (‘positive PA physical environment’ cluster). Cluster three
combined low importance assigned to their child watching TV/movies and playing electronic
games/computer for fun by parent with the presence of a screen-time rule (‘positive screen-
time social environment’ cluster). Cluster four included high parental preference for PA

activities at home, the presence of a screen-time rule, high importance placed on active play
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320  for child by parent and a high accessibility and availability of PA equipment (‘positive social
321  and physical PA environment’ cluster). Cluster five combined access to a TV/movie streaming
322  service with the presence of an open plan living area (‘open plan living area and streaming
323 service’ cluster). The final cluster, cluster six, consisted of high smartphone availability, low
324  accessibility and availability of musical instruments and access to digital TV (‘high
325  smartphones availability and access to digital TV’ cluster). As Cluster 5 did not have at least
326  three loading items, it was not included for the remainder of the analyses (64). The five retained
327  clusters explained 62.9% of the variance in the original items.
328 Table 2. Component loadings of principal component analysis on social and physical home
329 activity related factors.
330
Cluster 1: Low Cluster 2: Cluster 3: Positive Cluster 4: Cluster 5: Open  Cluster 6: High
availability and Positive PA screen-time social Positive social plan living area smartphone
Variable accessibility of physical environment and physical PA and streaming * availability
electronic media environment environment and access to
equipment digital TV
Media equipment 2 -0.788 0.156 -0.004 0.041 0.023 0.260
Bedroom media equipment 2 -0.754 -0.283 -0.017 0.044 0.067 -0.014
House size 0.103 0.868 -0.008 -0.019 0.004 0.063
Garden size 0.062 0.804 0.071 -0.016 0.145 -0.190
Importance of using 0.188 -0.025 -0.806 -0.141 -0.031 -0.034
electronic games/computer
for fun 3*
Importance of watching -0.140 -0.010 -0.798 0.081 0.042 -0.035
TV/movies *~
Importance of active play ® -0.278 -0.126 -0.043 0.679 0.011 -0.303
Max hrs/day of screen-time 0.149 0.078 0.370 0.656 0.009 -0.045
rule
Parental activity preferences 0.406 0.014 -0.252 0.584 0.272 0.287
PA equipment 2 -0.279 0.446 -0.115 0.470 -0.319 0.119
Open plan living area 0.027 0.058 -0.059 0.127 0.779 -0.133
Streaming -0.410 0.090 0.088 -0.180 0.577 0.147
Smartphones -0.268 0.141 -0.122 -0.050 -0.089 0.718
Musical instruments 2 -0.140 0.321 -0.183 -0.135 -0.054 -0.546
Digital TV -0.049 -0.056 0.055 -0.108 -0.024 0.416
331
332 1 Cluster 5 was not considered for further analysis due to it having less than three loading items. 2 Accessibility and availability equipment
§§3 summary score. *Parent perceived importance of activities for their child. *Item reversed. PA: physical activity.
4
335 Data printed bold indicate component loadings larger than 0.4 (= part of the component).
336 Variance explained by component 1= 15.2%; variance explained by component 2 = 13.3%; variance explained by component 3 = 10.5%;
337 variance explained by component 4 = 9.1%; variance explained by component 5 = 7.8% and variance explained by component 6 = 7.0%.
338
339

340
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Associations between clusters and child, parental and family background

characteristics

The regression analyses assessing associations between the background characteristics and
clusters are presented in Table 3. The ‘low accessibility and availability of electronic media
equipment’ cluster was associated with a greater child preference for PA activities at home (5
=0.17, p = 0.02), being an ethnic minority (# = -0.21, p = < 0.01) and high-educated parents
(6 =0.23, p = < 0.01). The ‘positive PA physical environment’ cluster showed associations
with a lower child BMI (# =-0.17, p = 0.01), a non-two parent household (# = -0.15, p = 0.05),
more people at home (# = 0.19, p = 0.01), a higher income (8 = 0.36, p = <0.01) and parental
age (# = 0.17, p = 0.02). Further, children with a preference for PA activities at home scored
significantly higher on the ‘positive screen-time social environment’ cluster (f = 0.16, p =
0.03). The ‘positive social and physical PA environment’ cluster showed associations with a
greater child greater preference for PA activities at home (8 = 0.40, p = <0.01) and a lower
BMI (5 = -0.18, p = 0.01). Finally, ‘high smartphone availability and access to digital TV’
(Cluster six) was associated with more people at home (5 = 0.22, p = <0.01), living in a rented

house (f = -0.16, p = 0.05), and a lower WIMD value (5 = 0.17, p = 0.03).
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Table 3. Child, family and parental characteristics associated with cluster scores.

Cluster 1: Low Cluster 2: Cluster 3: Cluster 4: Cluster 6: High
accessibility and Positive PA Positive Positive social smartphones
Variable availability of physical screen-time and physical availability
electronic media environment 2 social PA and access to
equipment ? environment®  environment # digital TV ®
B p B p B p B p B p
Child characteristics
Child BMI z-score - - -0.17 0.01* — - -0.18  0.01* - -
Child activity preferences 0.17 0.02* - - 0.16 0.03* 040 <0.01* - -
Parental characteristics
Parent age -0.13 0.06 0.17 0.02* - - - - 0.15 0.06
Ethnicity: White (0) vs -0.21 <0.01* - - - - - - - -
ethnic minorities (1)
Education 0.23 <0.01* - - - - - - - -
Household income - - 0.36 <0.01* - - - - - -
Family situation - - -0.15 0.05* - - - - - -
Family characteristics
Number of people - - 0.19 0.01* - - - - 0.22 <0.01*
Home ownership - - - - - - - - -0.16  0.05*
WIMD - - - - - - - - -0.17 0.03*

Adjusted for home clustering, age, BMI, activity preferences and sex of the child, the number of people at home, home ownership,

household income, family situation, raw WIMD scores, daylight hours as well as the parent’s age, sex, ethnicity and educational status; *

relationship is p < 0.05.1R%=0.18,2R?=0.27, ®R?=0.05, *R?=0.26, °R?=0.09. BMI: body mass index; WIMD: Welsh index of multiple

deprivation; PA: physical activity.

Correlations between clusters and home-based behavioural outcomes

Partial correlations between the home-based behavioural outcomes and the clusters (Table 4)

showed that the low accessibility and availability of electronic media equipment cluster was

negatively associated with home-based sitting (r = -0.19, p = 0.02). The positive PA physical

environment (r =0.22, p = 0.01) and the positive social and physical PA environment (r =0.17,

p = 0.04) clusters were positively associated with the number of home-based sitting

breaks. The high smartphone availability and access to digital TV cluster showed negative

associations with the number of home-based sitting breaks (r = -0.25, p = < 0.01), TPA (r = -

0.20, p =0.01) and MVPA (r =-0.24, p = <0.01), as well as a positive association with home-

based sitting (r = 0.23, p =< 0.01).
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Table 4. Associations between cluster scores and home-based behaviours.

Home-based Home-based Home-based Home-based
Cluster sitting time sitting breaks TPA MVPA

r p r p r p r p
1: Low availability and accessibility of -0.19 0.02* 0.11 0.19 0.12 0.13 0.12 0.14
electronic media equipment
2: Positive PA physical environment -0.11 0.17 0.22 0.01* 0.11 0.16 0.12 0.14
3: Positive screen-time social environment 0.02 0.82 0.06 0.45 0.04 059 0.05 0.49
4: Positive social and physical PA 0.04 0.60 0.17 0.04*  0.09 0.27 0.02 0.76
environment
5: High smartphones availability and 0.23 <0.01* -0.25 <0.01* -0.20 0.01* -0.24 <0.01*

access to digital TV

Adjusted for home clustering, age, BMI, activity preferences and sex of the child, the number of people at home, home ownership, household
income, family situation, raw WIMD scores, daylight hours as well as the parent’s age, sex, ethnicity and educational status. *correlation is p

< 0.05 (2-tailed). MVPA: moderate-to-vigorous intensity physical activity; TPA: total physical activity; PA: physical activity.

Discussion

The primary aim of this study was to investigate the clustering of physical and social factors
related to activity within the home, and whether these clusters are related to home-based sitting,
sitting breaks, MPVA and TPA in children. A secondary aim was to explore whether these
clusters were associated with child, parent and family characteristics. Whilst the lack of
previous studies examining the clustering of activity-related social and physical factors,
particularly within the home, enhances the novelty of the current research, it precludes direct
comparisons with other studies. As hypothesized, we found evidence for clustering of physical
and social factors within the home. The clusters were also shown to be associated with several
parental, child and family characteristics, particularly socioeconomic factors. The only
unhealthy cluster was more likely to be found in low SES groups, while the healthy clusters
were more likely to be found in high SES groups. Further, the healthy and unhealthy clusters
were positively associated with favourable (MVPA, TPA and sitting breaks) and negative

behaviours (sitting time), respectively.
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The strong associations observed between the clusters and socioeconomic factors is consistent
with other studies which have found socioeconomic indicators to be important factors defining
population sub-groups in relation to youth obesity risk (25,65). Specifically, parental education
is thought to point to a broader context in which parental practices are implemented (66). The
‘low accessibility and availability of electronic media equipment’ cluster (cluster 1) may reflect
a supportive parental context, and it was more likely to be found in high-educated parents, but
also in ethnic minority groups and children with a preference for PA at home. Another healthy
cluster, the ‘positive PA physical environment’ (cluster 2), was also more likely to be found in
families with a higher income. Conversely, according to the literature unhealthy clusters are
more likely to be found in socioeconomically deprived groups [i.e., low SES groups]
(25,26,67). Our finding that WIMD scores, another commonly used measure of SES, were
negatively associated with the occurrence of the ‘high smartphone availability and access to
digital TV’ cluster (cluster 6) is consistent with this. These findings may reflect the long-
standing relationship between SES and health, whereby those socioeconomically better off
usually lead healthier lifestyles (68). This is partially explained by the disparities in social
support, income and the cumulative effect of stress between different SES groups, however the
specific mechanisms are complex (69). Taken together, these findings suggest that low SES
households are an important group to target in interventions seeking to create healthier physical

and social home environments in relation to children’s PA and sitting.

The “positive social and physical PA environment’ cluster (cluster 4), characterised by positive
physical activity and screen-time related social factors and a high PA equipment presence at
home, is congruent with studies that have found low parental sedentary behaviour and high PA
equipment accessibility to co-occur (25,26). This type of cluster may arise because the

perceptions/strategies exhibited are indicative of a parenting style that reflects a healthy
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lifestyle based on habits formed in life and health beliefs (70). The role modelling of a healthy
lifestyle may positively influence children’s health cognitions and choices (71), and therefore
reduce the likelihood of obesity, which may explain why the cluster was more likely to be
found in children with a lower BMI. Similarly, to the ‘positive social screen-time’ cluster
(cluster 3), children with a preference for PA were more likely to be found in this cluster.
Indeed, PA and screen-time supportive practices specifically are likely to affect children’s
understanding of the importance of PA and limiting screen-time and consequently their activity
preferences (72). This combination of increased preference for PA and reduced BMI paired
with a healthful physical and social home environment may explain why this cluster was

associated with increased sitting breaks at home.

The ‘positive PA physical environment’ cluster (cluster 2) was more likely to be found in
families with older parents and a higher income. It seems these families have sufficient
financial resources which they use to provide a physical environment conducive to PA. Similar
to the ‘positive social and physical PA environment’ cluster (cluster 4), this cluster was also
associated with increased sitting breaks and a healthier weight status in children. The greater
space inside and outside, coupled with more available PA equipment, may provide more
opportunities for breaking up screen-based sedentary activities (32). Again, given the
relationship between income and health, this cluster may also denote parents who use health-

promoting practices which have been associated with healthier weight status in children (73).

The ‘high smartphone availability and access to digital TV’ cluster (cluster 6), which also
included lower availability and accessibility to musical instruments, was associated with all
four home-based behavioural outcomes in the hypothesised directions, suggesting it is highly

relevant. This cluster was most likely to be found in families who lived in a deprived area
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(based on WIMD), and in a rented home. The greater presence of smartphones and digital TV
in the households of these families with limited resources, whilst surprising, is congruent with
previous research which shows lower SES families own more electronic media equipment than
higher SES families (74,75). This suggests that the socioeconomic differences in electronic
media equipment access are not driven by financial factors. In the case of this cluster, parents
living in poorer neighbourhoods have more safety concerns (76), less time to supervise
children’s active play (77) and lack access to structured PA and play areas (78), making screen-
based entertainment a more convenient alternative to PA. Similarly, parents with a lower
educational level, another indicator of low SES, scored lower on the low accessibility and
availability of electronic media equipment cluster. This cluster was also associated with less
home-based sitting. Three of the four factors forming this cluster have been associated with
increased screen-time (17,18), a particularly prevalent sedentary behaviour. Therefore, the
combination of the factors may be having an important synergistic effect on children’s sitting

at home.

The novel clustering approach used in the present study, provides an insight into how physical
and social factors within the home cluster, thereby enabling more effective interventions
through targeting multiple synergistic factors simultaneously. Given the healthy clusters were
less likely to occur in low SES families, they are most in need of intervention. Interventions
should seek to educate socioeconomically deprived parents on the importance of regular PA
and limiting sedentary behaviour for health. There was evidence of favourable social and
physical environmental factors clustering, which would suggest that positive changes to
parental attitudes towards active play and screen-time may mean they are more receptive to
intervention strategies involving changes to the physical environment. Since the high

smartphone availability and access to digital TV cluster was the most influential cluster in
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terms of its relationship with children’s behaviour, delaying smart phone purchases and
removing TVs from children’s bedrooms seem most important. Parental activity preferences
were included in two clusters, and child activity preferences were associated with three clusters.
Therefore, strategies which reduce the whole family’s preference for sedentary activities will
also be important, and given the influence on the clusters, this may further facilitate the

formation of healthier home environments.

The strengths of this study include, but are not limited to, the use of the validated audit to
comprehensively assess the home physical environment (37), the investigation of home-
specific environmental factors and home-based behaviours, as well as the device-based
measures of behaviours. Nonetheless, the study is not without limitations. First, information
on the physical and social environment was only obtained from one parent. The other parent
may have been more influential, with some studies indicating that the father is the most likely
role model for boys’ PA, whereas mothers are for girls (79,80). However, the number of parents
was adjusted for in each analysis. Additionally, PCA is not a confirmatory, but an exploratory
method, and therefore does not produce definitive clusters. Indeed, the clusters yielded from
the analyses are strongly influenced by researcher-led decisions, particularly which factors are
included in analyses (81). The factors were chosen based on theoretical rationales and whether
they have been related to children’s PA and sedentary behaviour in previous studies. Moreover,
the underrepresentation of low SES families may mean the results limit the generalisability of
the findings. Although, the proportion of high SES families is similar to others (19,82). Whilst
the response rate was modest compared with other studies (83-85), this likely reflects the
requirement of both the child and parent to take part. The cross-sectional nature, and therefore
the inability to infer causal relationships, the highly active sample (97% of children met overall
MVPA guidelines [>60 min.day —']) and the reliance on self-report data for identifying social

factors and periods when the child was at home, were also limitations. Although beyond the
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scope of the current study, associations between clusters within the home and behaviours across
the entire day should be assessed in future work. Further, this study focussed on the home
environment, because it is an important sphere of influence on children’s PA and sitting, and
clustering in this environment had not been explored previously. However, future research
should explore the clustering of individual factors and factors within the school environment,

which is another important setting to improve children’s health.

Conclusion

In conclusion, the findings provide evidence of clustering or co-occurrence of some physical
and social environmental factors related to activity in the home. The clusters were shown to be
associated with several parental, child and family characteristics. Socio-economic factors seem
to be particularly influential. with three of the five clusters being associated with such variables
in the expected directions. Specifically, the only unhealthy cluster and four healthy clusters
were more likely to occur in low and high SES groups, respectively. Positive (MVPA, TPA
and sitting breaks) and negative (sitting time) behaviours were associated with healthy and
unhealthy clusters, in the hypothesised directions, respectively. This indicates that the effects
on PA and sedentary behaviour may increase synergistically when several factors occur
simultaneously. Nonetheless, whilst further research is required to determine why clusters of
physical and social factors occur in certain SES groups, interventions which target clusters of

social and physical factors within the home, especially among low SES families, are warranted.



537

538

539
540
541
542
543

544
545

546
547
548

549
550
551

552
553

554
555
556
557

558
559
560

561
562
563

564
565
566

567
568

Clustering of environmental factors in the home

References

10.

Poitras VJ, Gray CE, Borghese MM, Carson V, Chaput J-P, Janssen I, et al. Systematic review
of the relationships between objectively measured physical activity and health indicators in
school-aged children and youth. Appl Physiol Nutr Metab [Internet]. 2016 Jun [cited 2019 Jan
2];41(6 (Suppl. 3)):S197-239. Available from:
http://www.nrcresearchpress.com/doi/10.1139/apnm-2015-0663

Department of Health Physical Activity HI and P. Start active , stay active: a report on

physical activity from the four home countries’ chief medical officers. Report. 2011;

Aubert S, Barnes JD, Abdeta C, Abi Nader P, Adeniyi AF, Aguilar-Farias N, et al. Global
Matrix 3.0 Physical Activity Report Card Grades for Children and Youth: Results and
Analysis From 49 Countries. J Phys Act Heal. 2018 Nov;15(52):5251-73.

Edwards LC, Tyler R, Blain D, Bryant A, Canham N, Carter-Davies L, et al. Results From
Wales’ 2018 Report Card on Physical Activity for Children and Youth. J Phys Act &amp;
Heal. 2018;15(S2).

Craig R, Mindell J, Hirani V. Health Survey for England 2008 VVolume 1: Physical Activity

and Fitness. [Internet]. 2009. Available from: http://www.ic.nhs.uk/statistics-and-data-

Tremblay MS, Aubert S, Barnes JD, Saunders TJ, Carson V, Latimer-Cheung AE, et al.
Sedentary Behavior Research Network (SBRN) — Terminology Consensus Project process and
outcome. Int J Behav Nutr Phys Act [Internet]. 2017 Dec 10 [cited 2019 Jul 3];14(1):75.
Available from: http://ijbnpa.biomedcentral.com/articles/10.1186/s12966-017-0525-8

The Communications Market Report Ofcom 2015. [Internet]. [cited 2019 May 24]. Available
from: https://www.ofcom.org.uk/about-ofcom/latest/media/media-releases/2018/streaming-

overtakes-pay-tv

Carson V, Hunter S, Kuzik N, Gray CE, Poitras VJ, Chaput J-P, et al. Systematic review of
sedentary behaviour and health indicators in school-aged children and youth: an update 1.
Appl Physiol Nutr Metab. 2016;41(June):240-65.

Belcher BR, Berrigan D, Papachristopoulou A, Brady SM, Bernstein SB, Brychta RJ, et al.
Effects of interrupting children’s sedentary behaviors with activity on metabolic function: A
randomized trial. J Clin Endocrinol Metab. 2015;

Ku P-W, Steptoe A, Liao Y, Hsueh M-C, Chen L-J. A cut-off of daily sedentary time and all-

cause mortality in adults: a meta-regression analysis involving more than 1 million



569
570

571
572
573

574
575
576
577

578
579
580
581

582
583
584

585
586

587
588
589
590

591
592
593
594

595
596
597
598

599
600
601

Clustering of environmental factors in the home

11.

12.

13.

14.

15.

16.

17.

18.

19.

participants. BMC Med [Internet]. 2018 Dec 25 [cited 2019 Apr 29];16(1):74. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/29793552

Biddle SJH, Pearson N, Ross GM, Braithwaite R. Tracking of sedentary behaviours of young
people: A systematic review. Prev Med (Baltim) [Internet]. 2010 Nov [cited 2019 Apr
29];51(5):345-51. Available from: http://www.ncbi.nlm.nih.gov/pubmed/20682330

Biddle SJH, Bennie JA, Bauman AE, Chau JY, Dunstan D, Owen N, et al. Too much sitting
and all-cause mortality: is there a causal link? BMC Public Health [Internet]. 2016 Dec 26
[cited 2020 Feb 19];16(1):635. Available from:
http://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3307-3

Sallis JF, Cervero RB, Ascher W, Henderson KA, Kraft MK, Kerr J. an Ecological Approach
To Creating Active Living Communities. Annu Rev Public Health [Internet]. 2006;27(1):297—
322. Available from:
http://www.annualreviews.org/doi/10.1146/annurev.publhealth.27.021405.102100

Ding D, Sallis JF, Kerr J, Lee S, Rosenberg DE. The neighborhood social environment and
physical activity: a systematic scoping review. Am J Prev Med [Internet]. 2011 Oct [cited
2019 Sep 4];41(4):442-55. Available from: http://www.ncbi.nlm.nih.gov/pubmed/21961474

Ding D, Gebel K. Built environment, physical activity, and obesity: What have we learned
from reviewing the literature? Heal Place. 2012;18(1):100-5.

Kepper MM, Myers CA, Denstel KD, Hunter RF, Guan W, Broyles ST. The neighborhood
social environment and physical activity: A systematic scoping review. Int J Behav Nutr Phys
Act [Internet]. 2019 Dec 9 [cited 2022 Feb 7];16(1):1-14. Available from:
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-019-0873-7

Maitland C, Stratton G, Foster S, Braham R, Rosenberg M. A place for play ? The influence of
the home physical environment on children ’ s physical activity and sedentary behaviour. Int J
Behav Nutr Phys Act [Internet]. 2013;10(1):1. Available from: International Journal of

Behavioral Nutrition and Physical Activity

Arundell L, Fletcher E, Salmon J, Veitch J, Hinkley T. The correlates of after-school sedentary
behavior among children aged 5-18 years: a systematic review. BMC Public Health [Internet].
2015 Dec 22 [cited 2019 May 24];16(1):58. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/26795731

Sirard JR, Laska MN, Patnode CD, Farbakhsh K, Lytle LA. Adolescent physical activity and
screen time: associations with the physical home environment. Int J Behav Nutr Phys Act
[Internet]. 2010 Nov 15;7:82. Available from:



602
603

604
605
606
607

608
609
610

611
612
613
614
615

616
617
618

619
620
621
622
623

624
625

626
627
628

629
630
631
632

633
634

Clustering of environmental factors in the home

20.

21.

22.

23.

24.

25.

26.

217.

28.

http://search.ebscohost.com/login.aspx?direct=true&AuthType=cookie,ip,shib,uid&db=cmed
M&AN=21078167&site=ehost-live&scope=site&authtype=shib&custid=s8000044

Tandon P, Grow HM, Couch S, Glanz K, Sallis JF, Frank LD, et al. Physical and social home
environment in relation to children * s overall and home-based physical activity and sedentary
time. Prev Med (Baltim) [Internet]. 2014;66:39-44. Available from:
http://dx.doi.org/10.1016/j.ypmed.2014.05.019

Sheldrick MP, Maitland C, Mackintosh KA, Rosenberg M, Griffiths LJ, Fry R, et al.
Associations between the home physical environment and children’s home-based physical

activity and sitting. Int J Environ Res Public Health. 2019;16(21).

Maitland C, Stratton G, Foster S, Braham R, Rosenberg M. The Dynamic Family Home: a
qualitative exploration of physical environmental influences on children’s sedentary behaviour
and physical activity within the home space. Int J Behav Nutr Phys Act [Internet].
2014;11(1):157. Available from: http://www.scopus.com/inward/record.url?eid=2-s2.0-
84942509803&partnerID=tZ0tx3y1

Hutchens A, Lee RE. Parenting Practices and Children’s Physical Activity: An Integrative
Review. J Sch Nurs [Internet]. 2018 Feb 20 [cited 2019 Jun 14];34(1):68-85. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/28631518

Verloigne M, Van Lippevelde W, Maes L, Brug J, De Bourdeaudhuij I. Family- and school-
based correlates of energy balance-related behaviours in 10-12-year-old children: a systematic
review within the ENERGY (EuropeaN Energy balance Research to prevent excessive weight
Gain among Youth) project. Public Health Nutr [Internet]. 2012 Aug 24 [cited 2019 May
24];15(8):1380-95. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22269173

Martinson BC, Vazquezbenitez G, Patnode CD, Hearst MO, Sherwood NE, Parker ED, et al.
Obesogenic family types identified through latent profile analysis. Ann Behav Med. 2011;

Rodenburg G, Oenema A, Kremers SPJ, van de Mheen D. Clustering of diet- and activity-
related parenting practices: Cross-sectional findings of the INPACT study. Int J Behav Nutr
Phys Act. 2013;

Lyn R. Physical activity research: identifying the synergistic relationships between individual,
social and environmental factors to promote active lifestyles. Health Educ Res [Internet]. 2010
Apr [cited 2020 Apr 5];25(2):183-4. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/20233746

Huh J, Riggs NR, Spruijt-Metz D, Chou CP, Huang Z, Pentz MA. Identifying patterns of

eating and physical activity in children: a latent class analysis of obesity risk. Obesity (Silver



635
636

637
638
639
640

641
642
643
644

645
646
647
648

649
650
651
652

653
654
655
656
657

658
659

660
661
662

663
664
665
666

667

Clustering of environmental factors in the home

29.

30.

31.

32.

33.

34.

35.

36.

37.

Spring) [Internet]. 2011 Mar [cited 2022 Feb 7];19(3):652-8. Available from:
https://pubmed.ncbi.nlm.nih.gov/20930718/

Landsberg B, Plachta-Danielzik S, Lange D, Johannsen M, Seiberl J, Muller MJ. Clustering of
lifestyle factors and association with overweight in adolescents of the Kiel Obesity Prevention
Study. Public Health Nutr [Internet]. 2010 [cited 2022 Feb 7];13(10A):1708-15. Available
from: https://pubmed.ncbi.nlm.nih.gov/20883570/

Patnode CD, Lytle LA, Erickson DJ, Sirard JR, Barr-Anderson DJ, Story M. Physical activity
and sedentary activity patterns among children and adolescents: a latent class analysis
approach. J Phys Act Health [Internet]. 2011 [cited 2022 Feb 7];8(4):457. Available from:
/pmc/articles/PMC3100677/

Khajehzadeh I, Vale B. How New Zealanders distribute their daily time between home
indoors, home outdoors and out of home. Kotuitui New Zeal J Soc Sci Online [Internet]. 2017
Jan 2 [cited 2019 Apr 29];12(1):17-31. Available from:
https://www.tandfonline.com/doi/full/10.1080/1177083X.2016.1187636

Sheldrick, Maitland, Mackintosh, Rosenberg, Griffiths, Fry, et al. Associations between the
Home Physical Environment and Children’s Home-Based Physical Activity and Sitting. Int J
Environ Res Public Health [Internet]. 2019 Oct 29 [cited 2019 Nov 10];16(21):4178. Available
from: https://www.mdpi.com/1660-4601/16/21/4178

Gubbels JS, van Assema P, Kremers SPJ. Physical Activity, Sedentary Behavior, and Dietary
Patterns among Children. Curr Nutr Rep [Internet]. 2013;2(2):105-12. Available from:
http://link.springer.com/10.1007/s13668-013-0042-
6%0Anhttp://www.ncbi.nlm.nih.gov/pubmed/23638341%0Ahttp://www.pubmedcentral.nih.gov
farticlerender.fcgi?artid=PMC3637646

Sallis J, Prochaska J, Taylor W. A review of correlates of physical activity. Med Sci Sport
Exerc. 2000;32(5):963-75.

Sterdt E, Liersch S, Walter U. Correlates of physical activity of children and adolescents: A
systematic review of reviews. Health Educ J [Internet]. 2014 Jan 13 [cited 2019 Nov
4];73(1):72-89. Available from: http://journals.sagepub.com/doi/10.1177/0017896912469578

Sheldrick M., Maitland C, Mackintosh K., Rosenberg M, Griffiths L., Fry R, et al. Are
parental and child preferences and priorities, as well as parental rules regarding activity at
home associated with children’s home-based behaviour and the home physical environment? J
Sport Sci (In Press. 2020;

Sheldrick MPR, Maitland C, Mackintosh KA, Rosenburg M, Stratton G. Validity and



668
669
670
671

672
673
674
675

676
677
678

679
680
681
682

683
684
685
686
687

688
689
690
691

692
693
694
695

696
697

698
699
700

Clustering of environmental factors in the home

38.

39.

40.

41.

42.

43.

44,

45,

reliability of the HomeSPACE-II instrument to assess the influence of the home physical
environment on children’s physical activity and sedentary behaviour. Int J Heal Promot Educ
[Internet]. 2020 Feb 28 [cited 2020 Mar 23];1-20. Available from:
https://www.tandfonline.com/doi/full/10.1080/14635240.2020.1723429

Maitland C, Foster S, Stratton G, Braham R, Rosenberg M. Capturing the geography of
children’s active and sedentary behaviours at home: the HomeSPACE measurement tool.
Child Geogr [Internet]. 2018;3285:1-18. Available from:
https://www.tandfonline.com/doi/full/10.1080/14733285.2018.1493431

Roberts JD, Rodkey L, Ray R, Knight B, Saelens BE. Electronic media time and sedentary
behaviors in children : Findings from the Built Environment and Active Play Study in the

Washington DC area. 2017;6:149-56.

Aminian S, Hinckson EA. Examining the validity of the ActivPAL monitor in measuring
posture and ambulatory movement in children. Int J Behav Nutr Phys Act [Internet]. 2012 Oct
2 [cited 2019 Apr 19];9(1):119. Available from:
http://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-9-119

Winkler EAH, Bodicoat DH, Healy GN, Bakrania K, Yates T, Owen N, et al. Identifying
adults’ valid waking wear time by automated estimation in activPAL data collected with a 24 h
wear protocol. Physiol Meas [Internet]. 2016 Oct 1 [cited 2019 Apr 18];37(10):1653-68.
Available from: http://stacks.iop.org/0967-
3334/37/i=10/a=1653?key=crossref.2c23daf6e6f7e17f976a6911918b3c8e

Carlson JA, Tuz-Zahra F, Bellettiere J, Ridgers ND, Steel C, Bejarano C, et al. Validity of
Two Awake Wear-Time Classification Algorithms for activPAL in Youth, Adults, and Older
Adults. J Meas Phys Behav [Internet]. 2021 Apr 22 [cited 2022 Feb 5];4(2):151-62. Available

from: https://journals.humankinetics.com/view/journals/jmpb/4/2/article-p151.xml

Marshall SJ, Levy SS, Tudor-Locke CE, Kolkhorst FW, Wooten KM, Ji M, et al. Translating
Physical Activity Recommendations into a Pedometer-Based Step Goal. Am J Prev Med
[Internet]. 2009 May [cited 2019 Apr 19];36(5):410-5. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/19362695

NHANES - National Health and Nutrition Examination Survey Homepage [Internet]. [cited
2019 May 24]. Available from: https://www.cdc.gov/nchs/nhanes/index.htm

FAIRCLOUGH SJ, NOONAN R, ROWLANDS A V., VAN HEES V, KNOWLES Z,
BODDY LM. Wear Compliance and Activity in Children Wearing Wrist- and Hip-Mounted
Accelerometers. Med Sci Sport Exerc [Internet]. 2016 Feb [cited 2019 Apr 19];48(2):245-53.



701

702
703
704
705

706
707
708

709
710
711
712

713
714
715

716
717
718
719

720
721
722
723
724

725
726
727
728

729
730

731
732
733

Clustering of environmental factors in the home

46.

47.

48.

49.

50.

ol.

52.

53.

54.

Available from: http://www.ncbi.nlm.nih.gov/pubmed/26375253

Scott JJ, Rowlands A V., Cliff DP, Morgan PJ, Plotnikoff RC, Lubans DR. Comparability and
feasibility of wrist- and hip-worn accelerometers in free-living adolescents. J Sci Med Sport
[Internet]. 2017 Dec [cited 2019 Apr 19];20(12):1101-6. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/28501418

Brend JC, Arvidsson D. Sampling frequency affects the processing of Actigraph raw
acceleration data to activity counts. J Appl Physiol [Internet]. 2016 Feb 1 [cited 2019 May
24];120(3):362-9. Available from: http://www.ncbi.nlm.nih.gov/pubmed/26635347

Chandler JL, Brazendale K, Beets MW, Mealing BA. Classification of physical activity
intensities using a wrist-worn accelerometer in 8-12-year-old children. Pediatr Obes [Internet].
2016 Apr 1 [cited 2019 Apr 19];11(2):120-7. Available from:
http://doi.wiley.com/10.1111/ijp0.12033

CHOI L, LIU Z, MATTHEWS CE, BUCHOWSKI MS. Validation of Accelerometer Wear
and Nonwear Time Classification Algorithm. Med Sci Sport Exerc [Internet]. 2011 Feb [cited
2019 Apr 19];43(2):357-64. Available from: http://www.ncbi.nIm.nih.gov/pubmed/20581716

Pearce M, Page AS, Griffin TP, Cooper AR. Who children spend time with after school:
associations with objectively recorded indoor and outdoor physical activity. Int J Behav Nutr
Phys Act [Internet]. 2014;11(1):45. Available from:
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3974232/pdf/1479-5868-11-45.pdf

Chau JY, Daley M, Srinivasan A, Dunn S, Bauman AE, van der Ploeg HP. Desk-based
workers’ perspectives on using sit-stand workstations: a qualitative analysis of the
Stand@Work study. BMC Public Health [Internet]. 2014 Jul 25;14:752. Available from:
http://search.ebscohost.com/login.aspx?direct=true&AuthType=cookie,ip,shib,uid&db=cmed
M&AN=25059500&site=ehost-live&scope=site&authtype=shib&custid=s8000044

Hnatiuk JA, Hesketh KR, van Sluijs EMF. Correlates of home and neighbourhood-based
physical activity in UK 3—-4-year-old children. Eur J Public Health [Internet]. 2016 Dec 1
[cited 2019 Apr 19];26(6):947-53. Available from: https://academic.oup.com/eurpub/article-
lookup/doi/10.1093/eurpub/ckw067

Lohman, Timothy; Roche, Alex; Martorell R. Anthropometric standardization reference

manual. Champaign, IL : Human Kinetics Books.; 1988. 177 p.

de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J. Development of a
WHO growth reference for school-aged children and adolescents. Bull World Health Organ
[Internet]. 2007 Sep [cited 2019 Apr 19];85(9):660—7. Available from:



734

735
736

737
738
739

740
741
742

743
744

745
746

747

748

749
750

751
752

753
754

755
756
757
758
759
760

761
762
763

764

Clustering of environmental factors in the home

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

http://www.ncbi.nlm.nih.gov/pubmed/18026621

Ordnance Survey. OS MasterMap Topography Layer [Internet]. 2017. Available from:

https://www.ordnancesurvey.co.uk/business-and-government/products/topography-layer.html

Ordnance Survey. AddressBase Premium | Business and government [Internet]. 2014.
Available from: http://www.ordnancesurvey.co.uk/business-and-
government/products/addressbase-premium.html

Ordnance Survey. MasterMap Greenspace Layer [Internet]. 2018. Available from:
https://www.ordnancesurvey.co.uk/business-and-government/products/os-mastermap-

greenspace.html

Noble M, Wright G, Smith G, Dibben C. Measuring multiple deprivation at the small-area
level. Environ Plan A. 2006;38(1):169-85.

Time and Date AS. Sunrise and Sunset Calculator [Internet]. Available from:

https://www.timeanddate.com/sun/
Field AP, Field AP. Discovering statistics using IBM SPSS statistics. 1070 p.
Kaiser HF. An index of factorial simplicity. Psychometrika. 1974 Mar;39(1):31-6.

Guadagnoli E, Velicer WF. Relation of Sample Size to the Stability of Component Patterns.
Psychol Bull. 1988;103(2):265-75.

Maskey R, Fei J, Nguyen HO. Use of exploratory factor analysis in maritime research. Asian J
Shipp Logist. 2018 Jun 1;34(2):91-111.

Samuels P. Advice on Exploratory Factor Analysis. Cent Acad Success, Birmingham City
Univ. 2016;(June):2.

Hvid T, Lindegaard B, Winding K, Iversen P, Brasso K, Solomon TPJ, et al. Effect of a 2-year
home-based endurance training intervention on physiological function and PSA doubling time
in prostate cancer patients. Cancer Causes Control CCC [Internet]. 2016 Feb;27(2):165-74.
Available from:
http://search.ebscohost.com/login.aspx?direct=true&AuthType=cookie,ip,shib,uid&db=cmed
M&AN=26573844&site=ehost-live&scope=site&authtype=shib&custid=s8000044

De Coen V, Vansteelandt S, Maes L, Huybrechts I, De Bourdeaudhuij I, Vereecken C.
Parental socioeconomic status and soft drink consumption of the child. The mediating

proportion of parenting practices. Appetite. 2012 Aug;59(1):76-80.

Berge JM, Wall M, Bauer KW, Neumark-Sztainer D. Parenting Characteristics in the Home



765
766
767

768
769

770
771
772
773

774
775
776

777
778
779
780

781
782

783
784
785
786

787
788
789
790

791
792
793
794

795
796
797

Clustering of environmental factors in the home

68.

69.

70.

71.

72.

73.

74.

75.

76.

Environment and Adolescent Overweight: A Latent Class Analysis. Obesity [Internet]. 2010
Apr 8 [cited 2020 Jan 1];18(4):818-25. Available from:
http://doi.wiley.com/10.1038/0by.2009.324

Pampel FC, Krueger PM, Denney JT. Socioeconomic Disparities in Health Behaviors. Annu
Rev Sociol. 2010 Jun;36(1):349-70.

Poulain T, Vogel M, Sobek C, Hilbert A, Kdrner A, Kiess W. Associations Between Socio-
Economic Status and Child Health: Findings of a Large German Cohort Study. Int J Environ
Res Public Health [Internet]. 2019 Mar 1 [cited 2022 Feb 7];16(5). Available from:
/pmc/articles/PMC6427670/

Sleddens EFC, Gerards SMPL, Thijs C, De Vries NK, Kremers SPJ. General parenting,
childhood overweight and obesity-inducing behaviors: A review. Vol. 6, International Journal
of Pediatric Obesity. 2011.

Yee AZH, Lwin MO, Ho SS. The influence of parental practices on child promotive and
preventive food consumption behaviors: A systematic review and meta-analysis. VVol. 14,
International Journal of Behavioral Nutrition and Physical Activity. BioMed Central Ltd.;
2017.

Fairbrother H, Curtis P, Goyder E. Making health information meaningful: Children’s health
literacy practices. SSM - Popul Heal. 2016 Dec 1;2:476-84.

Sigmund E, Sigmundova D, Badura P, Madarasova Geckova A. Health-related parental
indicators and their association with healthy weight and overweight/obese children’s physical
activity. BMC Public Health [Internet]. 2018 Dec 31 [cited 2020 Jan 1];18(1):676. Available
from: https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-018-5582-7

Tandon PS, Zhou C, Sallis JF, Cain KL, Frank LD, Saelens BE. Home environment
relationships with children’s physical activity, sedentary time, and screen time by
socioeconomic status. Int J Behav Nutr Phys Act [Internet]. 2012 Jul 26 [cited 2019 Jan
2];9(1):88. Available from: http://ijonpa.biomedcentral.com/articles/10.1186/1479-5868-9-88

Dumuid D, Olds TS, Lewis LK, Maher C. Does home equipment contribute to socioeconomic
gradients in Australian children’s physical activity, sedentary time and screen time? BMC
Public Health [Internet]. 2016;16(1):1-8. Available from: http://dx.doi.org/10.1186/512889-
016-3419-9

Solomon-Moore E, Emm-Collison LG, Sebire SJ, Toumpakari Z, Thompson JL, Lawlor DA,
et al. “In my day...”-Parents’ Views on Children’s Physical Activity and Screen Viewing in

Relation to Their Own Childhood. Int J Environ Res Public Health. 2018 Nov 13;15(11).



798
799
800

801
802
803

804
805
806

807
808
809

810
811

812
813
814
815

816
817
818
819

820
821
822

823
824
825

826
827
828
829

Clustering of environmental factors in the home

77.

78.

79.

80.

81.

82.

83.

84.

85.

Stenhammar C, Sarkadi A, Edlund B. The role of parents’ educational background in healthy
lifestyle practices and attitudes of their 6-year-old children. Public Health Nutr. 2007
Nov;10(11):1305-13.

Fairclough SJ, Boddy LM, Hackett AF, Stratton G. Associations between children’s
socioeconomic status, weight status, and sex, with screen-based sedentary behaviours and
sport participation. Int J Pediatr Obes. 2009;4(4):299-305.

Johansson E, Mei H, Xiu L, Svensson V, Xiong Y, Marcus C, et al. Physical activity in young
children and their parents-An Early STOPP Sweden-China comparison study. Sci Rep. 2016
Jul 12;6.

Fuemmeler BF, Anderson CB, Masse LC. Parent-child relationship of directly measured
physical activity. Int J Behav Nutr Phys Act [Internet]. 2011 [cited 2020 Jan 1];8(1):17.
Available from: http://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-8-17

Newby PK, Tucker KL. Empirically derived eating patterns using factor or cluster analysis: A
review. Vol. 62, Nutrition Reviews. 2004. p. 177-203.

Hales D, Vaughn AE, Mazzucca S, Bryant MJ, Tabak RG, McWilliams C, et al. Development
of HomeSTEAD’s physical activity and screen time physical environment inventory. Int J
Behav Nutr Phys Act [Internet]. 2013;10:132. Available from:
http://www.scopus.com/inward/record.url?eid=2-s2.0-84889000388&partnerID=tZOtx3y1

Arundell L, Hinkley T, Veitch J, Salmon J. Contribution of the After-School Period to
Children’s Daily Participation in Physical Activity and Sedentary Behaviours. Wiley AS,
editor. PLoS One [Internet]. 2015 Oct 30 [cited 2019 Jun 27];10(10):e0140132. Available
from: http://dx.plos.org/10.1371/journal.pone.0140132

Noonan RJ, Boddy LM, Knowles ZR, Fairclough SJ. Cross-sectional associations between
high-deprivation home and neighbourhood environments , and health-related variables among

Liverpool children. 2016;

McMinn AM, Griffin SJ, Jones AP, Van Sluijs EMF. Family and home influences on
children’s after-school and weekend physical activity. Eur J Public Health. 2013
Oct;23(5):805-10.



830
831
832
833
834
835
836
837
838
839
840
841
842
843
844

845

846

847
848
849
850
851
852
853
854
855
856
857

Clustering of environmental factors in the home



