Research
Quarterly
for Exercise
and Sport

The Portal
of Kinesivlogy Researth

£} Routledge

-1 Taylor &Francis Group

Research Quarterly for Exercise and Sport

ISSN: 0270-1367 (Print) 2168-3824 (Online) Journal homepage: www.tandfonline.com/journals/urqe20

The Effects of Socioeconomic Status on Parent
and Child Moderate-to-Vigorous Physical Activity
and Body Mass Index

Samantha Donnelly, Duncan S. Buchan, Gillian McLellan & Rosie Arthur

To cite this article: Samantha Donnelly, Duncan S. Buchan, Gillian McLellan & Rosie Arthur
(2022) The Effects of Socioeconomic Status on Parent and Child Moderate-to-Vigorous Physical
Activity and Body Mass Index, Research Quarterly for Exercise and Sport, 93:4, 758-768, DOI:
10.1080/02701367.2021.1918322

To link to this article: https://doi.org/10.1080/02701367.2021.1918322

© 2021 The Author(s). Published with
license by Taylor & Francis Group, LLC.

@ Published online: 28 Oct 2021.

\J
[2 Submit your article to this journal &

||I| Article views: 4066

A
& View related articles '

Py

(&) view Crossmark data

CrossMark

@ Citing articles: 2 View citing articles

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=urge20


https://www.tandfonline.com/journals/urqe20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/02701367.2021.1918322
https://doi.org/10.1080/02701367.2021.1918322
https://www.tandfonline.com/action/authorSubmission?journalCode=urqe20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=urqe20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/02701367.2021.1918322?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/02701367.2021.1918322?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/02701367.2021.1918322&domain=pdf&date_stamp=28%20Oct%202021
http://crossmark.crossref.org/dialog/?doi=10.1080/02701367.2021.1918322&domain=pdf&date_stamp=28%20Oct%202021
https://www.tandfonline.com/doi/citedby/10.1080/02701367.2021.1918322?src=pdf
https://www.tandfonline.com/doi/citedby/10.1080/02701367.2021.1918322?src=pdf
https://www.tandfonline.com/action/journalInformation?journalCode=urqe20

RESEARCH QUARTERLY FOR EXERCISE AND SPORT
2022, VOL. 93, NO. 4, 758-768
https://doi.org/10.1080/02701367.2021.1918322

Routledge

Taylor & Francis Group

39031LN0Y

8 OPEN ACCESS ’ W) Check for updates

The Effects of Socioeconomic Status on Parent and Child Moderate-to-Vigorous

Physical Activity and Body Mass Index
Samantha Donnelly (%, Duncan S. Buchan

The University of the West of Scotland

, Gillian McLellan

, and Rosie Arthur

ABSTRACT

Purpose: Physical inactivity and overweight status has been linked to low socioeconomic status (SES) in
youth. Parents are known to influence both their child’s weight and physical activity (PA). The relationship
between parent and child PA is of interest to many researchers; however, previous research typically relies
on self-reported measures. The purpose of this study was to examine the relationship between parent and
child moderate-to-vigorous PA (MVPA) and body mass index (BMI) in a sample of children (4-11 years old)
using wrist-worn accelerometers and to explore mediating processes by which SES influences child MVPA
and BMI through their parents MVPA and BMI. Methods: Parent and child dyads (n = 174) wore an
ActiGraph GT3X+ accelerometer on their non-dominant wrist for 7 days. Mediation analyses were con-
ducted to understand the indirect relationships between SES and child MVPA and BMI. Results: Weekend
parent and child MVPA was significantly related (p < .01). Parent and child BMIs were also significantly
related (p < .001). There was a significant negative direct effect of SES on child BMI (p < .05). Additionally,
we observed a significant negative indirect effect of SES on child BMI via their parents BMI (B = —.04, SE .02,
95% Cl = —.07 to —.01). Conclusions: Whilst parent and child MVPA were significantly related during the
weekend, there were no associations between SES and MVPA. Future interventions aiming to improve
health outcomes in children should consider the influence SES can have as well as parental activity on
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children’s weekend MVPA.

Global obesity rates have tripled over the past four decades
with 41 million children under the age of 5 and over
340 million between the age of 5-19 years being classed as
overweight or obese in 2016 (World Health Organization
[WHO], 2018a). Although the causes of obesity are multifac-
torial, the link between obesity and physical inactivity is well
established (U.S. Centers for Disease Control and Prevention,
2016; WHO, 2018a). Many countries allocate considerable
resources to the treatment of obesity-related disorders that
can account for between 0.7% and 2.8% of a country’s total
healthcare expenditure (Withrow & Alter, 2011). As physical
inactivity and weight status are modifiable, it is crucial to
identify factors that are associated with physical activity (PA)
behavior and body mass index (BMI) in order to improve upon
the factors which have positive effects.

Current PA recommendations across various countries
including; the United Kingdom (UK), Australia, Canada and
the United States of America (USA) encourage youth to
undertake at least 60 min of daily moderate-to-vigorous PA
(MVPA) as a preventative measure of obesity (Australian
Government, 2018; Department of Health and Social Care,
2019; Gareth, 2016; U.S. Department of Health and Human
Services, 2018). Available self-reported and objective PA data
published in the Lancet indicates that youths are failing to
meet these recommendations on a global scale (Guthold et al,,
2019; Hallal et al., 2012; Sallis et al., 2016). An important
determinant of health and wellbeing is socioeconomic status

(SES) as it can influence an individual’s exposure to several
risk factors across the lifespan (Marmot, 2005; O’Donoghue
etal., 2018). Findings suggest that children with lower SES are
at a higher risk for overweight and obesity and are exposed to
home and neighborhood environments that are unconducive
to health-promoting behaviors (Goisis et al., 2016; Noonan
et al,, 2016).

Little is known about the mechanisms via which SES
impacts on children’s PA and BML It is clear that parental
influence plays a major role in determining the weight of their
children, with evidence from several upper-middle and high-
income countries (e.g., Australia, Mexico, Norway, Germany,
and the US) suggesting that parental overweight status is a risk
factor for childhood overweight (Elder et al., 2010; Gibson
et al,, 2007; Hernandez-Valero et al., 2007), existing as early
as preschool age (Kitsantas & Gaflney, 2010). Additionally,
parents from the Netherlands have been described as gate-
keepers for PA-related opportunities with their support to be
active and their own self-reported PA being shown to affect the
objectively measured activity behaviors of their children
(Brouwer et al., 2018). Nonetheless, studies have reported no
significant relationship in parent and child PA (Erkelenz et al,,
2014; Jago et al., 2010).

Multiple theories suggest that an individual’s health and
behavior is influenced via multidimensional environmental
conditions and not solely by one factor (e.g., parents). For
example, the socio-ecological model proposes that an
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individual (e.g., a child) can be influenced by various sys-
tems including the microsystem (e.g., family), exosystem
(e.g., school) and macrosystem (e.g., culture and social con-
ditions such as SES) (Bronfenbrenner, 1986). Therefore, it is
important to understand how parents’ BMI and PA may
affect children’s BMI and PA. Furthermore, SES can affect
the BMI and PA of adults due to; the financial resources
available for food and exercise-related expenditure, the edu-
cation levels and understanding of diet and exercise-related
issues and the location of an individual’s residence (e.g.,
proximity to fast food outlets, safe spaces to exercise) (Lee
et al, 2019). Moreover, parents are known to play
a significant role in influencing children’s health behaviors
via role modeling eating habits, weight status, and PA levels
(Scaglioni et al., 2018; Xu et al., 2015). Therefore, it is likely
that SES impacts on children’s health via their parents’
health behaviors.

Previous research has tended to use subjective measures of
PA (Trost & Loprinzi, 2011), pedometers (Stearns et al., 2016),
and differ according to the indicators of PA used (e.g., MVPA,
total PA; Craig et al., 2013). The use of such methods increases
the ambiguity of findings as subjective measures of PA are prone
to recall bias (Chinapaw et al., 2010), whereas pedometers have
been found to be inaccurate in assessing the distance covered
and energy expended (Ndahimana & Kim, 2017). Considerable
differences in weekday and weekend parent and child PA have
been found in families from the UK (McMinn et al.,, 2013).
Failing to examine the relationship between parent and child
PA using separate analyses for weekday and weekend data is
apparent in research which may therefore fail to capture the
extent of this relationship (Stearns et al., 2016). Accelerometry is
the gold standard for measuring free-living PA in adults and
children (Esliger et al., 2011). Nevertheless, in the limited studies
which employ accelerometer devices to measure PA, ambiguous
wear time criteria (WTC), or failure to report WTC at all, is
evident (Strutz et al., 2018).

Previous accelerometer research findings are commonly
based on data derived from hip-mounted devices
(Fuemmeler et al, 2011). In contrast to wrist-mounted
devices, such placement can result in poor compliance
(McLellan et al., 2018). Given the growing popularity of the
wrist as an accelerometer placement site (Fairclough et al.,
2016), it is important to establish the relationship between
SES and parent and child MVPA from wrist-worn accelero-
metry data. Tests of the difference and direct correlations
between SES and parent and child MVPA and BMI are not
enough to fully understand these relationships. Statistical
mediation analysis describes how SES as an independent
variable “X” affects the dependent variable “Y” (Child
MVPA and BMI z-score) through an indirect effect of the
mediating variable “M” (Parent MVPA and BMI). Therefore,
the purpose of this study was twofold. Firstly, to examine the
relationship between parent and child MVPA and BMI in
a sample of children (4-11 years old) using wrist-worn accel-
erometers. Secondly, to explore mediating processes by which
SES influences a child's MVPA and BMI z-score through their
parents’ MVPA and BMI. Our hypotheses were that SES
would be related to children’s MVPA and BMI z-scores
indirectly via parental MVPA and BMI.
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Methods
Participants

Recruitment involved the first author visiting the parent’s
evenings (where parents meet with their child’s teacher at
school to discuss their child’s progress) of six primary schools’s
known by the first author after institutional ethical approval
was granted. Children (4-11 years old) who attended the
schools approached for this study (n = 6), and one of their
parents were recruited. Each family chose which parent parti-
cipated in the study during the recruitment phase. Parental
attendance at these events is normally high and parents are
directly contacted by teachers if they do not attend. As such, we
hoped to recruit a diverse range of parents from such events,
including those who may be less likely to volunteer to partici-
pate in school-based research activities. Informed consent
paperwork was then handed out to parents at parent’s evenings
and to pupils in class by the first author. The Scottish Index of
Multiple Deprivation (SIMD) decile scores of the schools
(n = 6) ranged from 2 to 7 (4.17 + 2.32) with a score of 1
indicating high levels of deprivation and a score of 10 indicat-
ing low levels of deprivation (Scottish Government, 2016).
Data collection took place between October 2018 and
May 2019.

Anthropometric measures

Objective measures of mass and stature of children and
parents were undertaken at school. Mass was measured bare-
foot to the nearest 0.1 kg with an electronic scale (Seca Digital
Scales, Seca Ltd, Birmingham, UK) whilst stature was mea-
sured barefoot to the nearest 0.1 cm using a stadiometer in
accordance with standard procedures (Cole et al., 1995). BMI
was then calculated as the mass in kilograms divided by the
square of the stature in meters. Thereafter, BMI z-scores for
each child were determined and children were classified as
either healthy weight or obese/overweight relative to the UK
1990 BMI population reference data (Cole et al., 1995). Using
software provided by the Child Growth Foundation (Pan &
Cole, 2010), the following definitions were applied for healthy
weight (BMI z-score <1.04, below the 85th percentile) and
overweight/obese (BMI z-score >1.04, above the 85th percen-
tile) children. Parent BMI was classified relative to the World
Health Organization (WHO) classifications with BMI scores
<18.5 defined as underweight, 18.5 to <25 defined as normal
weight, 25 to <30 defined as overweight, excluding obese, 30
to <40 defined as obese excluding morbidly obese, and >40
defined as morbidly obese (World Health Organization,
2018b).

Socio-economic status variables

Several variables were collected via self-reported question-
naires to quantify the SES of parents. Home postcodes were
collected in order to calculate residential deprivation scores.
Information regarding household income, parental occupa-
tion, and the parent’s highest education qualification achieved
was also collected.
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Residential deprivation (Area-SES)

The home postcodes were reported in order to calculate the
area-SES of parent and child dyads based on residential SIMD
decile scores (Scottish Government, 2016). SIMD is a measure
of area-based multiple deprivations, which is centered on 31
indicators across six individual domains including current
income, employment, housing, health, education, and skills
and training. In order to examine the differences in MVPA
and BMI based on SIMD, the median SIMD observed was 5
and from this, area SIMD was categorized as low and high
based on the median split. SIMD will be referred to as area-SES
hereon in.

Household income

Parents were asked to report their annual household income.
The median gross salary in Scotland for all employees was
£23,833 in April 2018 (Aiton, 2018) which we used to categor-
ize high and low household income.

Occupation

Parents were asked to detail their current occupation status.
From this, parent occupation was then classified into three
separate categories including unemployed/stay at home parent,
student/retired, and employed/self-employed.

Parent education

Parents were asked to detail their highest education qualifica-
tion to date. Based on the information provided, four separate
categories for parent education were created including second-
ary school qualification or less, UK college qualification (e.g.,
Higher National Certificate), UK University qualification (e.g.,
bachelor’s degree), and UK University Postgraduate
qualification.

Physical activity

Parent and child dyads were provided with two ActiGraph
GT3X+ (ActiGraph, LLC, Pensacola, FL, USA) accelerometers
and instructed to wear the device at all times (i.e., 24 hr
per day), except during any water-based activities, for
a minimum of 7 days on the non-dominant wrist (confirmed
by the parent/child). Verbal and written instructions for care
and placement of the devices were provided to parents. Finally,
all devices were synchronized with Greenwich Mean Time and
initialized to capture data at 80 Hz prior to distribution.

Accelerometry data processing

Accelerometer data were downloaded using ActiLife v6.13.3
(ActiGraph, Pensacola, FL, USA) and saved in raw format as
gt3x files. The gt3x files were subsequently converted to time-
stamp free .csv files which were exported into R (R Foundation
for Statistical Computing, Vienna, Austria, https://cran.r-pro
ject.org/) and processed using the GGIR package v1.9.1. GGIR
removed abnormally high values, detected non-wear time (Van
Hees et al., 2013) and auto-calibrated the raw accelerometer
signals using local gravity as a reference (Van Hees et al., 2014).
Finally, GGIR calculated ENMO over 5 s epochs expressed in
milli-gravitational units (mg). Participant files were removed
from further analysis if files had a post-calibration error

20.01 g and there were less than 4 days (including one
weekend day) of valid wear (defined as 210 hr per day) across
the day from 6 am to 10 pm. Time spent inactive was defined as
time accumulated below 50 mg for both children and adults
(Rowlands et al., 2019) whereas time spent in MVPA for both
children and adults was defined as the time accumulated above
an acceleration of 201 mg for children and 101 mg for adults
(Hildebrand et al., 2014). Time spent in light PA (LPA) was
defined as time spent above 50 mg and below the relevant
MVPA threshold.

Statistical analyses

All analyses were conducted using IBM SPSS Statistics v.23
(IBM, Armock, NY). Independent samples ¢ tests and one-way
analysis of variance (ANOVA) and analysis of covariance
(ANCOVA) were employed to assess the difference in means
of MVPA and BMI based on varying factors including gender,
area-SES and parent occupation. For child MVPA, age and
gender were used as covariates. For child BMI z-score, gender
was controlled for as a covariate. To determine the strength of
the relationships between parents and their children regarding
accelerometry data as well as BMI, separate Pearson correlation
coefficients were conducted for variables including; parent and
child MVPA on all days (i.e., the entire week), weekdays and
weekend days, parent BMI, child BMI z-score, area-SES,
household income, parent occupation, and parent’s highest
education qualification achieved. As area-SES had the greatest
response rate of the SES variables collected and is based on
multiple indicators including income, occupation and educa-
tion, we chose to run area-SES in our mediation analyses to
represent SES.

To test the indirect effects of area-SES on children’s MVPA
and BMI z-score via their parents MVPA and BMI, we used
a regression-based package known as PROCESS (Hayes, 2012)
to run mediation analyses with 10,000 bootstrap samples.
Separate models were ran to examine the influence of area-
SES on children’s MVPA via their parents MVPA, and the
influence of area-SES on children’s BMI z-score via their par-
ents' BMI. PROCESS provides the total indirect effect and the
separate direct effects through each mediator whilst controlling
for effects of all other mediators via bootstrapping. The beta
coefficients indicate the gradient of the regression line as the
strength of the relationship, and the lower and upper bound
95% confidence intervals (CI) that do not encompass zero
indicate significant relationships at the .05 level. Bootstrapped
CI were used to determine the significance of the indirect
effect.

Results

Children (n = 201; n = 103 boys) aged 8.41 £ 1.98 years and one
of their parents (n = 151 female) aged 38.48 + 6.91 years
consented to participate in the study. A participant flow chart
is provided in Figure 1. When employing a wear time inclusion
criterion in which participants must have worn the device for
216 hr per day (from 0 to 24 hr) for 4 days (including one
weekend day), 79 children and parents were excluded as they
did not meet these criteria. As this reduced our sample
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Recruited (7 = 6 schools)

\ 4

Consented to participate in the study (» = 402 participants)

l

Children (n =201; n =103 boys)

l

Parents (n = 201; n = 151 female)

l

v

Dyads provided with accelerometers (n = 196)
%‘J Dyads who did not receive accelerometers (n = 5)
§ Reasons:
= Child was absent from school on the day of accelerometer distribution (n = 4)
Child left the school (n = 1)
A 4
Dyads included for analyses (n = 174)
Dyads excluded from analyses (n = 22)
5
Y Reasons:
£
a Lost devices (n = 3)
Devices were not worn (n = 10)
Device malfunctioned (n = 2)
Device failed to download data (n = 7)
v
Dyads included for analyses prior to analyses of whether they met the WTC (n = 174)
- Dyads excluded from analyses (n = 22)
2
g Reasons:
<
Lost devices (7 = 3)
Devices were not worn (n = 10)
Device malfunctioned (n = 2)
Device failed to download data (n =7)
A 4
g Dyads who met the WTC (n =113)
>
E Dyads excluded from analyses as they or their dyadic counterpart failed to meet the WTC (n = 61)
é Children (n = 47) and parents (n = 47) failed to meet the WTC
2 Children (n = 14) and parents (n = 14) excluded as their dyadic counterpart failed to meet the WTC
=
O
=
2

Figure 1. Consort flow diagram of the recruitment, adherence, and analysis process.

considerably, we chose to include parent and child dyads who
wore the device for 4 days (including one weekend day), for
210 hr each day from 6 am to 10 pm. Subsequently, 47 children
and parents failed to meet the WTC and therefore, due to the
inclusion of parent and child dyads only, a further 14 adults
and children were excluded as their dyad counterpart failed to
meet the WTC. A final sample of 113 children (56%; n = 58

girls; 8.83 + 1.78 years) and their parent (n = 86 female; 40.17 +
6.61 years) was included in the MVPA analyses. Findings
revealed that the average wear time for children and parents
were 19.64 £ 4.92 hr and 19.98 + 4.59 h, respectively. Children
wore the device on average 5.58 + 0.91 days during the week
and 1.92 + 0.27 days on the weekend. Parents wore the device
for 5.30 + 1.04 days during the week and 1.89 + 0.32 days on
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Table 1. Sample characteristics of child and parent participants regarding MVPA mean differences.

MVPA min
Child Parent
Total participants (N) = 113 dyads N (%) AD (SD) WD (SD) WK (SD) N (%) AD (SD) WD (SD) WK (SD)
Characteristics
Gender 113 113
Male 55 (48.70)  63.15 (25.66) 64.50 (26.27) 60.64 (32.32) 27 (24.00)  98.65 (51.17) 101.85 (54.57) 86.81 (47.80)
Female 58 (51.30)  53.40 (20.99) 52.40 (20.61) 56.11 (30.80) 86 (76.00) 94.46 (37.87) 96.06 (39.69) 90.20 (44.27)
Confidence Int. LL-UL (95%) 1.48-18.97* 349 -21.17**  -595-17.32 —17.44-2582  -17.23-28.81 —24.32-17.54
SIMD (area-SES) 101 101
< Decile 5 49 (48.50) 60.01 (26.72) 59.59 (26.00) 61.31 (36.55) 49 (48.50)  98.65 (41.34) 100.27 (43.70) 92.99 (45.65)
> Decile 5 52 (51.50) 56.06 (21.84) 56.24 (23.52) 56.52 (27.57) 52 (51.50) 94.77 (42.87) 96.14 (44.83) 90.53 (46.84)
Confidence Int. LL-UL (95%) -5.57-13.37 —6.30-12.83 —7.77-17.48 —12.77-20.52  -13.37-21.62 —15.82-20.74
Household income 52 52
< £23,833 8 (15.40) 62.75 (20.07) 61.17 (18.23) 66.58 (31.62) 8 (15.40) 112.30 (64.77)  118.40 (68.02) 92.47 (54.92)
> £23,833 44 (84.60) 59.27 (25.87) 59.39 (26.78) 58.66 (30.06) 44 (84.60) 91.67 (35.39) 91.24 (36.95) 92.32 (41.95)
Confidence Int. LL-UL (95%) -18.74-21.16  —21.56-18.86 —16.55-32.13 —33.87-75.12  -30.06- 8438 —46.42-46.72
Parent occupation 105 105
Unemployed/stay at home parent 9 (8.60) 54.15 (21.46) 53.19 (25.09) 56.74 (26.97) 9 (8.60) 88.43 (52.49) 92.93 (53.25) 73.68 (44.34)
Student/retired 5 (4.80) 67.50 (13.56) 73.53 (13.58) 51.58 (19.45) 5 (4.80) 102.08 (68.12)  110.63 (73.80) 73.23 (46.41)
Employed/self-employed 91 (86.70)  56.75 (24.24) 56.93 (24.28) 57.23 (32.19) 91 (86.70)  93.30 (37.39) 94.93 (39.58) 88.73 (44.28)
Parents’ highest level of education 920 90
Secondary school or less 15 (16.70)  56.60 (27.86) 55.93 (30.28) 58.03 (30.25) 15(16.70)  93.16 (37.04) 98.01 (41.72) 81.56 (34.59)
UK college qualification 30(33.30) 55.82 (21.76) 56.28 (23.01) 55.44 (27.09) 30(33.30)  99.12 (45.86) 102.13 (49.13) 88.74 (43.68)
UK University Undergraduate 32 (35.60) 54.06 (22.47) 54.76 (23.34) 51.88 (24.63) 32 (35.60) 85.71 (32.40) 86.71 (34.85) 82.13 (37.27)
degree
UK University Post-graduate 13 (14.40) 61.16 (17.66) 61.79 (15.66) 63.98 (38.72) 13 (14.40)  90.51 (39.13) 87.83 (36.23) 100.11 (52.89)
degree

MVPA = moderate-to-vigorous physical activity; AD = all day (the entire week); WD = weekday; WK = weekend day; SIMD = Scottish Index of Multiple deprivation;

SES = socioeconomic status; *p < .05; **p < .01.

the weekend. No files were removed due to post-calibration
error. LPA and inactive time were also calculated for parents
and children who met the WTC. Children accumulated
695.28 + 58.52 min of inactive time and 140.911 + 28.89 min
of LPA on average per day over the monitoring period. Parents
accumulated 728.69 + 68.93 min of inactive time and 142.18 +
40.55 min of LPA on average per day during the monitoring
period.

We found significant differences in age between parents
who met the WTC and those who did not (p < .01), with
parents who met the WTC being older (40.17 + 6.61 years vs.
36.33 + 6.28 years). Children who met the WTC (8.83 +
1.87 years) were also significantly (p < .01) older compared to
those who did not (7.89 + 2.16 years). In relation to gender
homogeneity in our sample of parent and child dyads who met
the WTC, 46.9% were the same gender (n = 53). Descriptive
statistics are presented in Table 1 for MVPA. A significant
difference in children’s all day MVPA was observed between
boys and girls, with boys participating in more MVPA than
girls on all days (p < .05). Boys were also more active than girls
for weekday MVPA (p < .01). No other significant differences
in children’s or parents’s MVPA were observed for gender or
SES variables (see Table 1).

Descriptive statistics for BMI are presented in Table 2, with
185 children and 119 parents having provided objective mea-
sures of BMI. Sixteen children refused to have their mass and
stature recorded whereas 64 parents self-reported their mass
and stature. One mother’s measures were subsequently
excluded from the analysis due to pregnancy and 17 parents
refused to self-report their mass and stature. Only objective
measures of BMI were included in the final analyses. No sig-
nificant differences were observed when comparing the BMI
z-scores of children who did and did not meet the WTC

Table 2. Sample characteristics of child and parent participants with BMI/BMI-
Z-score mean differences.

BMI z-score/BMI

Total participants Child Parent

(N) =113 dyads N (%) M (SD) N (%) M (SD)

Characteristics

Gender 185 119

Male 95 (51.40) .83 (1.18) 29 (24.40)  28.56 (4.29)

Female 90 (48.60) A44(98) 90 (75.60)  28.26 (6.00)

Confidence Int. LL - .07-71* -1.73-2.34
UL (95%)

SIMD (area-SES) 167 106

< Decile 5 91 (54.50) .84 (1.16) 58 (54.70)  29.59 (6.17)

> Decile 5 76 (45.50) 43 (1.04) 48(4530) 27.02(4.79)

Confidence Int. LL - —.08-.75% 46-4.69*
UL (95%)

Household income 89 49

< £23,833 16 (18.00) .83 (1.21) 8 (16.30) 3142 (7.77)

> £23,833 73 (82.00) .39 (1.12) 41 (83.70) 26.78 (4.65)

Confidence Int. LL - -.22-1.02 -1.91-11.18
UL (95%)

Parent occupation 172 114

Unemployed/stay at 17 (9.90) 95 (1.06) 15(13.20) 27.85 (4.82)
home parent

Student/retired 8 (4.70) 1.00 (.86) 5 (4.40) 29.02 (5.54)

Employed/self- 147 (85.50) .59 (1.12) 94 (82.50) 28.42 (5.87)
employed

Parents’ highest level 144 93
of education

Secondary school or 24 (16.70) 73 (1.25) 16 (17.20) 30.48 (6.22)
less

College degree 58 (40.30) .74 (1.15) 40 (43.00)  29.55 (6.08)

Undergraduate 46 (31.90) .59 (1.07) 27 (29.00) 25.90 (4.47)
degree

Post-graduate degree 16 (11.10) .38 (64) 10(10.80) 25.82 (3.10)*

BMI = body mass index; SIMD = Scottish Index of Multiple deprivation;

SES = socioeconomic status; *p < .05.

(p = .06). Additionally, no significant differences were found
when comparing the BMI of parents who met the WTC and
those who did not (p = .90). From objective BMI data (n = 119)



parents were classified as underweight (n = 1), normal weight
(n = 36), overweight excluding obese (n = 45), obese excluding
morbidly obese (n = 32), and morbidly obese (n = 5). From the
objective BMI z-score of child participants (n = 185), 122
children were deemed healthy weight, whilst 63 were classified
as being overweight/obese.

Significant differences were observed between boys’ and
girls' BMI z-scores, with boys having significantly higher scores
than girls (p < 05). Additionally, children with low area-SES
were found to have significantly higher BMI z-scores than
those with higher area-SES (p < .05) when controlling for
gender. Whilst no significant differences were observed for
parent BMI regarding gender, significant differences were
observed for area-SES, parent education, and household
income (all p < .05). With regards to area-SES (5.03 + 2.81
decile), parents from a lower area-SES (< Decile 5) had sig-
nificantly higher BMIs than those from more affluent areas (>
Decile 5). Additionally, there was a significant difference
between parent education groups and their BMI as determined
by one-way ANOVA (F (3,89) =4.01, p = .01) in which a Tukey
post-hoc test revealed that parent BMI was significantly higher
in parents with a secondary school or less qualification when
compared to parents who had a bachelor’s degree (p < .05).
Parents with a UK college qualification had a significantly
higher BMI than parents with a UK University degree (p <.05).

Parent and child MVPA for all days was not related (r = .14,
p = .15), and neither was parent and child MVPA on weekdays
(r = .10, p = .28). Parent and child MVPA were significantly
related on weekend days (r = .28, p < .01). BMI/BMI z-score
and MVPA were not significantly related for either parent
participants on all days (r = -.08, p = .54), weekdays
(r = -.08, p = .53), and weekend days (r = —.10, p = 41) or
child participants on all days (r = —.11, p = .27), weekdays
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(r = -.10, p = .30), or weekend days (r = —.09, p = .35). The
objective BMI/BMI z-score of parent and child dyads (n = 114)
was significantly related (r = .40, p < .001). Parent BMI and
household income were negatively related (r = —.45, p < .001),
as were parent BMI and area-SES (r = -.30, p < .01), and
parent BMI and parent education (r= —.32, p <.01). Children’s
BMI z-score was negatively related to area-SES (r = -.19,
p < .05); however, there were no significant associations
between child BMI-z-scores and the additional SES variables.

The regression mediation analyses used the unstandardized
regression coefficients bootstrap estimates (B) of the direct and
indirect effects together with bias corrected and accelerated
95% CI. Model one (see Figure 2 Model A) tested the indirect
effect of area-SES on the BMI z-score of child participants via
the BMI of parent participants (SIMD score as the independent
variable, BMI z-score as the dependent variable and parent
BMI as the mediator) which explained 47.73% of the variance
in BMI z-score (R* = .23, F (3, 97) = 9.54, p = .00). Area-SES
was significantly related to parent BMI (B = -.58, SE = .19,
p < .01), which predicted child BMI z-score (B = .06, SE = .02,
p < .01). The direct effect of area-SES on child BMI z-score was
significant (B = .08, SE = .04, p < .05). There was also a sig-
nificant negative indirect effect of area-SES on the BMI z-score
of child participants via the BMI of parent participants (B =
-.04, SE .02, 95% CI = —.07 to —.01). Therefore, the higher the
SIMD score of dyads (being from more affluent area-SES in
Scotland) the lower the BMI z-score of child participants via
their parents BML.

Model two (see Figure 2 Model B) tested the indirect effect
of area-SES on child weekday MVPA via parent’s weekday
MVPA (SIMD score as the independent variable, child week-
day MVPA as the dependent variable and parent weekday
MVPA as the mediator) which explained 31.58% of the

Mediation Model A

M, Parent BMI

-.08*
SIMD Child BMI z-score

Mediation Model B

M, Parent WD MVPA

SIMD Child WD MVPA

Mediation Model C

M, Parent WK MVPA

SIMD Child WK MVPA

Mediation Model D

M, Parent AD MVPA

SIMD Child AD MVPA

Figure 2. Mediation models examining the direct effects of SIMD on Child BMI via parent BMI, and child MVPA on weekdays, weekend days, and all days via parent
MVPA on weekdays, weekend days, and all days. Model A used child gender as a covariate. Models B-D used child gender and child age as covariates. Beta
unstandardized path coefficients were used. BMI = body mass index; SIMD = Scottish Index of Multiple deprivation; WD = weekday; MVPA =moderate-to-vigorous
physical activity; WK = weekend; AD = all days (the entire week); *p < .05; **p < .01, ***p < .001.
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variance in child weekday MVPA (R* = .10, F (3, 97) = 2.66,
p < .05). Area-SES was not related to parent weekday MVPA
(B = -1.31, SE = 1.58, p = .41), which did not predict child
weekday MVPA (B = .07, SE = .05, p = .21). No significant
direct effect of area-SES on child weekday MVPA (B = -1.18,
SE = .85, p = .17) or indirect effect of area-SES on child week-
day MVPA via parent weekday MVPA (B = -.09, SE = .14, 95%
CI = -.43,.11) were observed.

Model three (see Figure 2 Model C) tested the indirect effect
of area-SES on child weekend MVPA via parent weekend
MVPA (SIMD score as the independent variable, child weekend
MVPA as the dependent variable and parent weekend MVPA as
the mediator) which explained 35.63% of the variance in child
weekend MVPA (R* = .13, F (3, 97) = 3.49, p = .01. Area-SES
was not related to parent weekend MVPA (B = —.81, SE = 1.63,
p = .62); however, parent MVPA on weekend days predicted
child weekend MVPA (B = .20, SE = .07, p < .01). The direct
effect of area-SES on child weekend MVPA was not significant
(B= -1.12, SE = 1.09, p = .31), similarly to the indirect effect of
area-SES on child weekend MVPA via parents’ weekend MVPA
(B= -.16, SE = .30, 95% CI = —.75, .45).

As Model four shows (see Figure 2 Model D), no significant
direct or indirect effects were found between area-SES on child
MVPA for all days via parent MVPA for all days (see Figure
1d). SIMD as the independent variable, child MVPA for all
days as the dependent variable and parent MVPA for all days as
the mediator explained 30.98% of the variance in child MVPA
for all days (R* = .10, F (3, 97) = 2.55, p < .05). Area-SES was
not related to parent MVPA on all days (B = —1.29, SE = 1.50,
p = .39), which did not predict child MVPA for all days
(B = .09, SE = .06, p = .11). The direct effect of area-SES on
child MVPA on all days was not significant (B = -1.18,
SE = .84, p = .17), similarly to the indirect effect of area-SES
on children’s MVPA for all days, operating via their parents
MVPA for all days (B = —.12, SE = .16, 95% CI = -.50, .12).

Conclusions

The findings of this study revealed that both children and
parents spent a large proportion of their time during
the day inactive. Parent and child MVPA were significantly
related on weekend days, but not for all days or weekdays.
There were no significant indirect effects of area-SES on
child MVPA via their parent’s MVPA. Additionally, no
significant differences between parent or child MVPA
when comparing those from high and low SES were
observed. For BMI, we found that parents and children
with low SES had higher BMIs in comparison to those
with higher SES. As expected, the BMI/BMI z-score of
parent and child dyads was significantly related. There
were significant negative direct and indirect effects of area-
SES on the BMI z-score of child participants via the BMI of
parent participants. Thus, the level of deprivation where the
families resided was related to parent BMI, and parent BMI
was related to their child’s BMI z-score. Our findings sug-
gest that whilst child participation in MVPA is somewhat
related to parental MVPA, it is not linked to SES, whereas
children’s BMI is related directly to SES and indirectly
influenced by SES via parents’ BMI. Such results may be

useful for the implementation of health interventions tar-
geting children living in areas of deprivation.

Findings using data from the National Health and Nutrition
Examination Survey (NHANES) indicates that parent and child
MVPA was only found to be related on weekend days, in which
children are known to accumulate the least amount of daily
MVPA (Brooke et al,, 2016). As children spend a considerable
amount of time during their weekdays at school away from
parents, parents are less likely to influence the PA levels of their
children during the week in comparison to the weekend. Some
studies have examined the weekday-weekend variations of par-
ent—child PA associations in families with 4-to-16 year-old chil-
dren, with the most recent evidence suggesting that this
relationship is stronger during weekends when compared to
weekdays (Sigmundova et al., 2018, 2020), and parent and chil-
dren engage in more PA on weekend days (Dunton et al., 2012;
Sigmund et al, 2015; Sigmundova et al, 2020). Nevertheless,
studies examining the relationship between parent and child PA
typically fail to include separate analyses for weekday and week-
end data (Jago et al, 2010; Stearns et al., 2016), therefore our
findings are timely. In the current study, there were no significant
effects of SES in relation to parent and child MVPA. SES has been
found to be negatively related to leisure time PA in adults
(Bradley, 2020) and LPA in children (Stalsberg & Pedersen,
2018). Nevertheless, research has raised questions regarding this
relationship (Beenackers et al., 2012; Stalsberg & Pedersen, 2018).
Equivocality in this area of research may arise from a limited
quantity of studies, weak research designs, the use of self-reported
measures of PA (McNeill et al., 2017) and variation in the meth-
ods employed to measure SES. A cross-sectional study exploring
the relationship between children’s PA and family income in rural
settings found that children from lower-income families engaged
in more weekly PA and indicated that parents with the lowest
incomes were more likely to encourage children to be active and
use their immediate environment for play, whereas more aftluent
parents were more likely to transport their children to activity
opportunities (Cottrell et al., 2015). As such, whilst children of
low SES engage in different types of activity, this does not neces-
sarily result in a reduction of activity levels when compared with
children from more affluent families. Further research is war-
ranted nonetheless to confirm this assumption.

Parents of low SES were found to have a higher BMI. We also
found significant direct and indirect effects of area-SES on child
BMI z-scores, indicating that residing within areas of high
deprivation may influence children’s BMI both directly and
indirectly via parent BMI Previous findings have found that
SES is strongly associated with the occurrence of obesity in child
and adult populations (Aitsi-Selmi et al., 2013). Poor dietary
behaviors are associated with living in lower SES areas, and with
a greater number of unhealthy food outlets located in more
deprived areas, it is unsurprising that children residing in such
areas are most likely to be overweight or obese (Cetateanu &
Jones, 2014). Children’s exposure to obesogenic family environ-
ments such as household eating habits are considered environ-
mental factors that contribute to health inequalities (Darmon &
Drewnowski, 2008). A recent Growing up in Scotland Report
from the Scottish Government (Bradshaw & Hinchliffe, 2018)
found that socioeconomic circumstances caused the prevalence
of overweight and obesity to vary in 10 year old’s, with 25% of



children living in the least deprived areas found to be overweight
or obese compared to 39% of children living in the most
deprived areas. Moreover, a study exploring the relationship
between children’s BMI, parent obesity and SES, found that
the average BMI of boys whose mothers were unemployed was
higher than the BMI of boys whose mothers were employed
(Tchicaya & Lorentz, 2014). Nevertheless, research indicates that
the co-occurrence of multiple health behaviors including PA,
arises at the family level, and that interventions aiming to
improve the health of children should focus on families as
a whole instead of individuals (Niermann et al., 2018). When
comparing settings (i.e., inside the home and outside the home)
cross-sectional research from the USA has shown that associa-
tions in mother-child objectively measured MVPA were stron-
ger when both were at home together (Song et al, 2017).
Collectively, the findings of previous research and ours provide
practical implications for interventions aiming to improve chil-
dren’s activity levels and weight status. Taken together, this
research indicates the effects that SES can have on children’s
health outcomes via parental weight status which highlight that
family-centered, home-based interventions in areas of depriva-
tion are important avenues to health improvement.

Notable strengths of this study include the use of ActiGraph
GT3X+ devices deployed on the wrist in both parents and their
child to measure MVPA. Specifically, in our sample, parents
and children wore the devices for a substantial and similar
amount of days, and within each day, devices were worn for
a significant period. As such, our findings regarding the rela-
tionship of parent and child MVPA should be confidently
interpreted. The use of mediation analyses to interpret area-
SES variables which indirectly effect the MVPA of parent and
child dyads is a strength of this study. To the best of our
knowledge, this is the first study to examine the mediating
effect of area-SES on children’s MVPA and BMI z-scores
operating via their parents MVPA and BMI. However, this
study was not without limitations including its cross-sectional
design and lack of longitudinal data prohibits drawing conclu-
sions about causality. This study was conducted between
October and May in which variation in PA may occur due to
seasonal change; however, a review conducted found that no
conclusion can be made regarding this influence due to the lack
of studies conducted and incomparable definitions of season
(Rich et al., 2012). Missing accelerometry data (i.e., the parti-
cipant did not wear the device) or failure to meet the WTC
reduced the sample size used in subsequent analysis. Providing
no financial incentives or not being able to go back into the
schools to further distribute the devices may explain the failure
to meet the WTC. The exclusion of multiple participants in
research exploring parent and child activity is fairly common
(Solomon-Moore et al., 2018) and in order to encourage con-
tinued wear of the devices, incentives may be required for
parents and children. Missing data, particularly for both house-
hold income and objectively measured BMI in parents was
evident. Finally, we were unable to conduct separate analyses
on different genders across parent and child dyads, and long-
itudinal analyses on the effects of children’s increasing age on
parent and child PA over time due to our limited sample and
study time-frame which should also be considered a limitation.
Research suggests that the PA relationships are more
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pronounced in mother—child dyads than father—child ones,
both on weekdays and at weekends (Jacobi et al, 2011;
Sigmund et al.,, 2015). Nevertheless, studies examining the
relationship between parent and child dyads have not clearly
confirmed gender-specific PA associations. Additionally, as
children grow older and reach 10-11 years of age, children’s
cognitive decision-making abilities increase, and they begin to
assert a degree of independence from their parents (Jago et al,,
2009). As such, future research should aim to explore the
differences between father-child and mother-child MVPA in
relation to the influence of SES and the age of the child. Whilst
our sample size is relatively small, and therefore may affect the
generalizability of our findings across populations, we would
argue that our study only included objective MVPA and BMI
data. Thus, our findings may be interpreted with some con-
fidence, especially in comparison to previous research in this
field which employs both self-reported measures for PA
and BMI.

What does this article add?

This study, to the best of our knowledge, is the first paper to
examine the mediating effects of SES on parent and child dyads
MVPA and BMI. We found a significant relationship between
parent and child MVPA on weekend days only. Whilst parent and
child PA is more likely to be related when parents and their child
spend time together (e.g., weekends, afterschool), MVPA is known
to make up a small percentage of time spent in activity which may
explain the lack of significant effects related to area-SES. Our
findings demonstrate both a significant negative indirect effect of
area-SES on child BMI z-score via parent BMI and a significant
direct effect of area-SES on child BMI z-score which has not been
explored in previous research. As such, future research should look
to explore the effects of area-SES on parent and child BMI and
MVPA in further detail. Gaining an in-depth perspective of these
relationships may inform the development of interventions which
aim to improve children’s health-related outcomes through the
involvement of their parent.
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