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Abstract

Background: Though parents’ physical activity (PA) is thought to be a predictor of children’s PA, findings have
been mixed. The purpose of this study was to examine the relationship between pedometer-measured steps/day of
parents’ and their children and potential moderators of this relationship. We also assessed the parent—child PA

relationship as measured by questionnaires.

Methods: Six-hundred and twelve 7-8 year olds and one of their parents wore Steps Count (SC)-T2 pedometers for
four consecutive days. Parents reported their PA from the last seven days and their child’s usual PA. Hierarchical
linear regressions were used to assess the parent—child PA relationships, controlling for covariates. Gender (parent,
child), gender homogeneity, weight status (parent, child), weight status homogeneity, and socioeconomic status
(SES) variables (parent education, household income, area-level SES) were tested as potential moderators of this
relationship. Partial r's were used as an estimate of effect size.

Results: Parents’ steps was significantly related to children’s steps (fpanial = .24). For every 1,000 step increase in
parents’ steps, the children took 260 additional steps. None of the tested interactions were found to moderate this
relationship. Using questionnaires, a relatively smaller parent—child PA relationship was found (rpartial = .14).

Conclusion: Physically active parents tend to have physically active children. Interventions designed to get children
moving more throughout the day could benefit from including a parent component. Future research should
explore the mechanisms by which parents influence their children, and other parent attributes and styles as

potential moderators.
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Background

Identifying the primary determinants of children’s physical
activity (PA), is an important public health issue [1]. Un-
doubtedly, parents play a key role in the development of
their children’s health behaviors. For instance, the Inte-
grated Model of Physical Activity Parenting (IMPAP) de-
scribes how parents’ attributes and parenting practices
influence their children’s PA attributes and outcomes [2].
The literature to date has focused largely on two parent
attributes: parental support for PA and parental PA (often
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described as parental modeling of PA). A recent meta-
analysis [3] found that parental support was moderately
related to children’s PA (r = .38). Parental PA, on the other
hand, was a weak predictor of child PA (r=.16). Several
previous reviews have also reported mixed findings across
studies for parental PA [4, 5]. This is surprising consider-
ing parents are routinely encouraged to be active role
models for their children by health professionals [6].
Several potential reasons for the discrepancy across stud-
ies have been proposed including the over reliance on sub-
jective measures of PA (ie., parental-proxy or self-report
questionnaires) which may bias results [6, 7], differences ac-
cording to the intensity of PA (e.g., moderate-to-vigorous
PA [MVPA], total PA) [8], and parents having less influence
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as children become older and gain independence [3, 9].
Parental influence could also vary by within and between
family factors such as parent and child gender, and socio-
economic status (SES).

In support of the importance of using objective measures,
the meta-analysis by Yao and Rhodes found a trend towards
studies using objective assessments of youths’ PA (r=.24)
having a stronger parent—child PA relationship compared
to those using subjective measures (r =.13) [3]. Heterogne-
ity was also present, particularly in the questionnaire-based
studies, suggesting that questionnaires tend to introduce
measurement error that attenuates effects. Comparing the
parent—child PA relationship using objective and subjective
measures in the same sample would provide evidence to
test this assumption.

Several studies have examined the relationship between
parents’ and their children’s objectively measured steps/day
[10-14], accelerometer-measured counts [9, 15-17], light

A [18], and/or MVPA [9, 17, 19]. Most studies have re-
ported a significant relationship with at least one parent,
however many have also observed differences by parent or
child gender. For example, Jacobi et al. [10] observed a
mother effect whereby mother’s steps (but not the father’s
steps) were correlated to their offspring’s steps in a
sample of French nuclear families. In contrast, significant
relationships between steps/day in father-sons, father-
daughters, and mother-sons were found in a representa-
tive sample of Canadian children and their parents, yet
the mother-daughters PA relationship did not reach statis-
tical significance (p =.08) [8]. Thus it is unclear from the
existing literature whether the parent—child PA relation-
ships differs by child or parent gender. Studies that for-
mally test whether gender specific relationships are
significantly different from one another could provide
some clarity.

Total PA performed throughout the day, as well as higher
intensity activity, are important for the health of young
people [20], and thus it is important to understand the cor-
relates and determinants of both of these outcomes. Pe-
dometers are a reliable and valid measure total ambulatory
activity performed throughout the day [21-23]. They are
also affordable and accessible to practitioners and families,
making the findings of pedometer studies easy to apply to
real-life settings [8]. As mentioned, several studies have
assessed the parent—child PA relationship using pedome-
ters. For example, 10 additional minutes of parental MVPA
resulted in one additional minute of MVPA in 1267 chil-
dren aged 5-6 years in the UK [24]. Similarly, a 2500 step/
day increase in parent’s steps resulted in 752—1143 step in-
crease in a sample of Czech children aged 4—7 years [11].

As illustrated in the IMPAD, the influence of parental
variables on children’s PA can vary depending on different
child and parent attributes. Examining moderators (e.g.,
education, income) is important because it can provide
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information about whom and under what circumstances
specific interventions may be effective [2, 25]. Thus, testing
a number of potential moderators of the parent—child PA
relationship could provide important insights into whether
family-based interventions will be effective for everyone or
more effective for specific subgroups. Disentangling poten-
tial moderators of this relationship could also shed some
light on the mixed findings in the literature. SES may be an
important moderator to consider as lower SES families
often have less access to quality facilities and less time and
resources to be active [26—28]. For example, with 286 nu-
clear families including children aged 8-18 years, Jacobi
et al. [10] found significant mother-offspring step count
correlations with employed mothers (ICC=.24) and
non-significant correlations with unemployed mothers
(ICC=.11), however the difference was not formally
tested. Considering overweight/obese children and adults
are often found to be less active than those who are non-
overweight [20, 29, 30], the body size of the children and
parents could impact the parent—child PA relationship. It
is also possible that children may relate to and imitate
their parent(s) if they are of a similar body size, indicating
a “weight status homogeneity effect”.

The purpose of our study was to examine the relation-
ship between parents’ and children’s PA in a sample of 7-
to 8-year-olds and one of their parents. Research question
1 examined the relationship between pedometer-measured
steps/day in parents and their children. Research question
2 examined whether gender (parent, child), gender homo-
geneity, weight status (parent, child), weight status homo-
geneity, and SES variables (parent education, household
income, area-level SES) moderated this relationship. Re-
search question 3 examined the parent—child PA relation-
ship as measured by questionnaires. Consistent with Yao
and Rhodes [3], we hypothesized a small but positive
relationship would exist between PA levels in parents
and their children. We also hypothesized a stronger
parent-child PA relationship with pedometer-determined
compared to questionnaire-determined PA. Due to the
inconsistencies in the existing literature, the moderation
analyses were exploratory.

Methods

Participants and procedures

This is a cross-sectional study of 7-8 year old children
and parents living in Edmonton, Alberta, Canada (popula-
tion: ~1,000,000) and the greater metropolitan area. The
children were a part of the SHAPEs of Things to
Come study, a longitudinal follow-up to the Spatial
Health Assessment of Physical Environments (SHAPESs)
study [31-34]. In SHAPEs (November 2005 to August
2007), parents and children (~4-5 years) were recruited at
preschool immunization appointments at local com-
munity health centers where ~75 % of Edmonton-area
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children receive their preschool immunizations. Of the
1,715 children who participated in SHAPEs, parents of
1,377 children (80.3 %) agreed to be re-contacted for future
research. Parents were contacted about the current study
between April 2009 and March 2011. Overall, 668
parent—child dyads agreed to participate, representing
a 39.0 % response rate.

Of the children who participated, 92 % were 7- or 8-
years-old. Because the parent—child PA relationship may
differ by age we decided to use only the 7-8 year olds in
this analysis, leaving a final sample size of 612 parent—
child dyads (53 % girls, 84 % mothers). In this sample,
76 % of the parents had finished university or college, and
78 % of the families had a household income > $80,000/
year. Using data from the baseline study (SHAPEs), those
who were included in the current study did not signifi-
cantly differ on age, unemployment rate, or parent-
proxy reported PA from those who did not participate.
Participants in our study did have significantly lower
BMTI’s, and lived in areas with higher household in-
come and education levels; however the effects were
small (d =.15-.23).

Eligible parents were sent an information letter, con-
sent form, and a brief questionnaire in the mail. Inter-
ested families attended appointments at an off-campus
athletic fitness facility where procedures were explained and
informed assent and consent were obtained from children
and parents, respectively. Anthropometric assessments were
completed with children while parents completed an add-
itional questionnaire. At the end of their visit, families were
provided with unsealed pedometers and instructed to wear
the device for four consecutive days, including three
weekdays and one weekend day (i.e., either Sunday to
Wednesday or Wednesday to Saturday). Four days of moni-
toring was chosen because the literature at the time
deemed this as an adequate period for determining habitual
PA in children [21, 35, 36]. They were also instructed to
record their steps in a logbook each night and to reset the
counter for the next day. The pedometers were worn on
the belt or waistband in the right mid-line of the thigh,
which is the most accurate position for pedometers
[37]. For convenience, families were allowed to choose
which parent attended the appointment and wore the ped-
ometer (of those that attended the appointment, 15 %
were fathers and 83 % mothers; of those who returned
their pedometers, 16 % were fathers and 84 % were
mothers). Once the pedometer-recording period was over,
parents mailed the pedometers and logbooks back to the
researchers using a preaddressed, postage-paid envelope.
Of the 612 parent—child dyads who completed the initial
assessments, 440 returned their pedometers and logbooks.
Families received modest tokens of appreciation (value:
~$20) for participation. The study was approved by the
University of Alberta’s Ethics Board.
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Measures

Pedometers

Unsealed Steps Count (SC)-T2 steps and activity time pe-
dometers (Steps Count, Deep River, ON) were used to
measure PA in children and parents. This pedometer,
which is mechanically identical to the Walk for Life ped-
ometer, has demonstrated good reliability and accuracy
in adults [38] and children 5-11 years-old [39]. The SC-
T2 pedometers have a 3-s delay function to reduce erro-
neous steps due to jostling. Participants that indicated
the pedometer was not registering steps properly were
marked as missing for the entire four days. Those that
indicated they forgot to put the pedometer on for a sig-
nificant period of time (i.e., more than 3 h) were flagged
and that day of measurement was marked as missing.
Most participants (90 %) wore the pedometers for four
consecutive days and for three weekdays and one week-
end day (62 %) as instructed. Average steps were calcu-
lated as the mean across the measured days.

Physical activity questionnaires

Parents reported their children’s PA using the CLASS
survey, which has shown acceptable psychometric proper-
ties in 10—12 year olds [40]. Parents indicated how often
(frequency per week) and for how long (in minutes) their
child usually does common activities in the current season.
Because this survey was developed in Australia, the
activities and wording were modified to be relevant to a
Canadian context and included swimming, soccer, ballet/
dance, gymnastics, skating, hockey, bike riding, gym activ-
ities, active play, “other”. Average PA in min/day was cal-
culated for entire week. The modified version of this
questionnaire was used in the first study involving these
participants (SHAPEs) [31, 32]. The Godin Leisure Time
Exercise Questionnaire [41] was used to measure parents’
leisure-time MVPA. Parents reported how often (fre-
quency per week) they do strenuous and moderate exer-
cise for more than 15 min during their free time. To
obtain a total metabolic equivalent (MET) score, the
strenuous score was multiplied by 9, the moderate
score was multiplied by 5, and these two scores were
summed. To be consistent with the steps/day measure,
average METS/day was calculated. This tool is well-
established and has demonstrated validity and reliability
data [42].

Anthropometry

Weight and height were measured twice and recorded to
the nearest .1 kg and .1 cm, respectively. If a discrepancy
existed between the two measurements (>.5 cm for
height; >2 kg for weight), a third measurement was
taken and the three measurements were averaged. Chil-
dren’s sex and age specific body mass index (BMI)
z-scores were calculated using the World Health
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Organization’s (WHO) growth reference [43]. The BMI
z-score was used to categorize children as non-overweight
(<1), overweight/obese (=1.01). Parental height and
weight were self-reported, which was used subse-
quently to calculate BMI and group individuals as non-
overweight (<25 kg/m?), overweight/obese (>25.01 kg/m?)
[44]. For both the children and parents, the non-overweight
category included participants who could be classified
as “thin” (children n=87) or “underweight” (parents
n=10) or ‘“healthy”. A weight status homogeneity
variable was created by coding parents and children with
the same weight status (i.e., both overweight/obese, both
non-overweight) as 1 and those with a different weight
status as 0.

Season

Given the influence of season on PA [31, 45], the season
of the assessment day and first complete day of pedom-
eter measurement were calculated. Winter was defined
as December to February, spring as March to May, sum-
mer as June to August, and autumn/fall as September to
November.

Demography

Children’s date of birth was used to determine age in years.
Parent gender was recorded for the parent who wore the
pedometer. Gender homogeneity was created by coding
parents and children with the same gender (i.e., both fe-
male, both male) as 1 and those with the opposite gender
as 0. Household income was categorized into < $80,000 per
year and > $80,000 per year for our analyses based on the
approximate median income level in Alberta [46]. Parent
education was categorized as “has not completed college/
university”, “completed college/university”, and “completed
graduate degree” for descriptive purposes and “no graduate
degree” and “completed graduate degree” for the main
analysis.

Area-level SES was calculated using families’ postal
code data. GeoPinPoint™ Suite software [47] was used to
locate the family address into its corresponding dissem-
ination area, which is defined as one or more adjacent
blocks of 400-700 people [48] around the home. Based
on the 2006 Canadian Census [49], the proportion of
people with low education were subtracted from the
proportion of people with high education in each dis-
semination area.

Analysis

All analyses were conducted using IBM SPSS Statistics
version 23. Outliers for the pedometer data were identified
as days with <1,000 or >30,000 steps/day for children and
<1,000 or >25,000 for adults were set as missing [22].
Outliers for the child PA questionnaire (>6 h/day), and for
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the other continuous variables (>+3.29 SD) were trun-
cated [50].

Of the 28 variables included in this study, 83 % were
missing on at least one value (number of non-missing
values for each variable is available in Table 1). Across
cases/participants, 55 % were missing on at least one vari-
able, and across the entire dataset, 13 % of the values were
missing. Missing and non-missing cases were compared
for variables with >10 % missing data. Significant (p <.05)
or marginally significant (p <.10) differences existed on
parental BMI for parents’ and children’s steps/day. Import-
antly, families who participated in the initial assessment
and those that returned the pedometers did not differ on
parent self-reported leisure time MVPA (t=-.67, p =.50)
or children’s parental-proxy reported PA (¢ =-.38, p =.38).
We therefore assumed at least a partial missing at random
mechanism and imputed all of the missing data (including
all covariates, predictor variables, criterion variables) using
multiple imputation in SPSS. This procedure uses the fully
conditional specification method and imputes data using
linear regression for continuous variables and logistic re-
gression for binary variables. We used 100 iterations, which
resulted in 100 separate datasets [51]. Relevant variables
from the wider dataset (i.e., screen time, aerobic fitness,
grip strength, dog ownership, walkability of neighborhood)
were included as auxiliary variables.

Pearson product—-moment correlations were run to
test the unadjusted bivariate relationships between par-
ents’ and children’s PA relationships as measured by pe-
dometers. We also tested this relationship separately by
child and parent gender, child and parent weight status,
gender homogeneity, weight status homogeneity, parent
education, household income, and area-level SES. A Pear-
son product—moment correlation was also run to test the
unadjusted bivariate parent—child PA relationship as mea-
sured by questionnaires. Linear regressions were used to
test the research questions and partial r indicated effect
size. Cohen’s [52] recommended effect sizes of small = .10,
medium = .30, large = .50 were used to interpret the size of
effects. The covariates for all analyzes were child age, gen-
der, and weight status; parent gender, weight status, and
education; household income; area-level SES; and season.
Each analysis included between 11 and 13 variables. Ac-
cording to the IBM SPSS Statistics SamplePower 3, with
11 covariates (medium combined effect size), one pre-
dictor variable (medium effect size) and an interaction
term (small effect size), 413 participants were required to
detect effects at power = .80 for o =.01. Thus we were suf-
ficiently powered for all analyses.

To address research questions 1 (whether parents’ steps/
day was related to children’s steps/day), a linear regression
was run with children’s steps/day as the criterion variable
and parents’ steps/day and covariates as predictor vari-
ables. Coefficients were deemed significant at p <.05. To
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Table 1 Sample characteristics for the non-imputed dataset and the pooled results
Non-Imputed Dataset Pooled Result®
N Statistic N Statistic

Child Characteristics
Gender - count (%) 612 612

Boys 289 (47.2) 289 (47.2)

Girls 323 (52.8) 323 (5238)
Age in years — M (SD) 612 612

7 years 203 (332 203 (332

8 years 409 (66.8) 409 (66.8)
Weight status — count (%) 658 612

Non—overvveightb 472 (78.1) 476 (77.8)

Overweight/obese 132 (21.9) 136 (22.2)
Total steps/day — M (SD) 436 8606 (2860) 612 8558 (3313)
Parental-reported total PA (min/day) - M (SD) 598 107.89 (64.09) 612 107.72 (65.07)
Parent Characteristics
Parents’ gender — count (%) 612 612

Fathers 97 (15.8) 97 (15.8)

Mothers 515 (84.2) 515 (84.2)
Weight status — count (%) 550 612

Non-overweight® 309 (56.2) 339 (55.4)

Overweight/obese 241 (43.8) 273 (44.6)
Total steps/day — M (SD) 430 7796 (3088) 612 7741 (2910)
Leisure time MVPA (METS/day) — M (SD) 518 691 (4.02) 612 6.96 (461)
Socio-economic status indicators
Parents’ education — count (%) 557 612

Has not completed college/university 117 (21.0) 145 (23.7)

Completed college/university 382 (68.6) 381 (62.2)

Completed graduate school 58 (104) 86 (14.1)
Household Income - count (%) 563 612

< $80,000/year 114 (20.2) 137 (22.4)

> $80,000/year 449 (79.8) 475 (77.6)
Area-level SES - M (SD) 610 12.12 (19.53) 612 12.07 (19.58)

Note. PA physical activity; MVPA moderate-to-vigorous physical activity; SES socioeconomic status; °the pooled results were estimated using multiple imputation,

Pthe non-overweight category includes thin and healthy weight categories

address research question 2 (potential moderators of the
parent—child step/day relationship), children’s steps/day
was entered as the criterion variable and parent’s steps/
day and covariates as predictor variables. One by one we
tested potential interactions including parent steps*child
gender, parent steps*parent gender, parent steps*gender
homogeneity, parent steps*child weight status, parent step-
s*parent weight status, parent steps*weight status homogen-
eity, parent steps*parent education, parent steps*household
income, parent steps*area SES. In the models where the
gender homogeneity and weight status homogeneity inter-
actions were tested, these variables were also included as
main effects. Before creating the interaction terms, the

continuous variables (i.e., parent steps, area-level SES) were
centered on their mean [53]. To control for the increased
probability of finding a significant result due to running
multiple tests, a more stringent significance level was
applied (p <.01) to the interactions. For significant or
near significant interactions, a simple slopes analysis
was performed to determine the beta coefficients and
p-values for each group. Beta coefficients for the sim-
ple slopes were calculated by hand using the pooled
results [53]. The pooled results did not provide suffi-
cient information to calculate the significance of the
slopes by hand so the p-value (set at p <.05) was com-
puted using the initial dataset (i.e., before the multiple
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imputation). To address research question 3 (parent—child
PA relationship as measured by questionnaires), children’s
proxy-reported PA was entered as the criterion variable
and parent self-reported leisure time MVPA and the co-
variates were entered as predictor variables. Coefficients
were deemed significant at p < .05.

Results

Sample characteristics are provided in Table 1. The preva-
lence of overweight and obesity were 22 % for the children
and 45 % for the parents. For the initial assessment partici-
pation rates varied by season; 10 % participated in the win-
ter, 14 % in the spring, 48 % in the summer, and 28 % in the
fall. The pedometer assessment participation rates also var-
ied by season; 12 % of the parent—child dyads participated
in the winter, 15 % in the spring, 44 % in the summer, and
29 % in the fall. Boys (M =9075, SD = 4832) took more
steps than girls (M =8095, SD =4507), t(1339) = 3.65,
p <.001, d = .30. No significant differences existed in steps/
day between mothers (M =7773, SD=3136) and fathers
(M =7568, SD =7737), (41870) = —-.66, p = .51, d = .07.

Research question 1: Relationship between parents’ and
children’s PA as measured by pedometers

The bivariate, unadjusted Pearson’s correlation between
the parents’ and children’s steps was r=.25, p <.001. The
results from the linear regression analysis is presented in
Table 2. After controlling for covariates, average parents’
steps predicted children’s steps (B =0.26, p <.001), with
small to medium sized effects (rpartiar = .24). That is, for
every 1,000-step increase in parents’ steps, children took
approximately 260 additional steps. The model explained
8.8—15.4 % variance in children’s steps.

Research question 2: Potential moderators of the parent-
child PA relationship as measured by pedometers

Table 3 contains the results from the tests of moderation,
along with the bivariate parent-child step correlations sepa-
rated by levels of the moderators. None of the interactions
were significant at the p < .01 level. However the interaction
between parent steps and income (B =.25, p =.07, parial
=.09), and parent steps and education (B=.38, p
=.02, 7partial = -11) both approached significance. Spe-
cifically, in higher income households (n=475;
>$80,000/year) the parent—child PA relationship was
significant (B =.29, p <.001) and in lower income house-
holds it was not (n =137, <$80,000/year; B = .04, p =.98).
Further, parents who had completed graduate school
(n=86) had a stronger parent—child PA relationship
(B=.61, p<.001) than parents without a graduate degree
(n =526, B=.23, p<.001).
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Table 2 Unstandardized beta coefficients and standard errors
from linear regressions predicting children’s physical activity

Children’s Objectively Children’s Subjectively
Measured Physical Measured Physical
activity (steps/day) activity (min/day)

B (SB) B (SE)

Child gender

Male ref ref

Female —1062.74 (264.64)*** 1597 (36.69)
Parent gender

Male ref ref

Female 132.29 (358.94) 34.98 (51.12)
Child weight status

Non-overweight ref ref

Overweight/obese —767.69 (320.74)* 0.48 (45.28)
Parent weight status

Non-overweight ref ref

Overweight/obese —33.29 (300.86) —35.82 (43.63)
Income

High (>$80,000/year) ref ref

Low (<$80,000/year) —102.87 (347.89) 2.12 (51.46)
Parent education

No completion of ref ref

graduate school

Completed graduate ~ —582.35 (425.23) 74.26 (63.28)

school
Area-level SES —4.94 (6.99) —0.84 (1.00)
Season

Winter ref ref

Spring 1246.49 (504.85)* 74.33 (77.63)

Summer 105541 (452.62)* 12822 (66.25)

Fall/autumn 1285.84 (458.90)** 0.01 (69.96)
Parents’ objectively 26 (0.6)%** -
measured PA (steps/day)
Parents’ subjectively - 2.18 (70)**
measured PA (METS/day)
Adjusted R? .088-.154 018-.052

Note. *p < .05, **p <.01, ***p <.001; PA physical activity; SES
socioeconomic status

Research Question 3: Relationship between parents’ and

children’s physical activity as measured by questionnaires
The bivariate, unadjusted Pearson’s correlation between
parents’ and children’s subjectively measured PA was
r=.15, p<.01l. The results from the linear regression
analysis of the parent—child PA relationship using subject-
ively measured PA is presented in Table 2. After controlling
for covariates, parents’ leisure time MVPA (METS/day) was
significantly related to children’s proxy-reported PA (min/
day; B =2.18, p <.01), with small sized effects (rpartial = -14).
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Table 3 Tests of potential moderators of the parent—child physical activity relationship as measured by pedometers

Potential moderators Moderator categories Bivariate correlations Test of moderation®

n r B (SE)? I'oartial p-value

Child gender Girls 289 30*** -0.12 (.09) -06 20
Boys 323 23%%%

Parent gender Fathers 97 27* 0.5 (11) 02 64
Mothers 515 25%x

Gender homogeneity® Same gender 326 20xx* —0.07 (09) -04 44
Opposite gender 286 30

Child weight status Non-overweight 476 4xxx 11011 04 31
Overweight/obese 136 29%*

Parent weight status Non-overweight 339 28*** —0.03 (.10) -01 79
Overweight/obese 273 20%*

Weight status homogeneity* Same weight status 372 30%** 0.05 (.10) 02 63
Opposite weight status 240 A7*

Household income Low (<$80,000/year) 482 28*** 0.25 (.14) 09 07
High (>$80,000/year) 137 13

Parent education No graduate degree 526 24%%% 0.38 (.16) RA 02
Graduate degree 86 33**

Area-level SES? Low (< mean) 336 Yk 0.00 (.00) 07 14
High (> mean) 276 29%**

Note. *p < .05, **p <.01, **p < .001; SES = socioeconomic status; *potential moderators were tested one by one by adding an interaction term (parent steps*potential
moderator) to a linear regression model where child steps was the criterion variable and parent steps, child and parent gender, child and parent weight status,
education, household income, and area-level SES were predictor variables; °gender homogeneity was also added to the model as a predictor variable; ‘weight status
homogeneity was also added to the model as a predictor variable; “area-level SES was tested as a continuous variable

The model accounted for 1.8—5.2 % variance in children’s
PA.

Discussion

The purpose of this study was to examine the relationship
between pedometer-measured steps/day of parents and
their children, and whether this relationship varied by gen-
der (parent, child), gender homogeneity, weight status (par-
ent, child), weight status homogeneity, parent education,
household income, and area-level SES. We also assessed
the parent—child PA relationship as measured by question-
naires. When PA was measured via pedometers, we ob-
served a significant relationship between parents’ and
children’s PA. Further, this relationship was stronger for
higher income families and parents with a graduate degree,
however the effects did not reach statistical significance.
None of the other variables moderated this relationship.
Using questionnaires, a relatively smaller parent—child PA
relationship was found.

We found a 260 step/day increase in the children’s steps/
day for every 1000 step/day increase in the parents’ steps/
day, which was a small to medium sized effect (r=.25,
Fpartial = -24). Several studies in recent years have assessed
the parent—child PA relationship using pedometers in both
children and parents and all have observed significant find-
ings with at least one parent [8, 10-13]. For example,

significant father-child and mother-child step relationships
were observed in a slightly younger sample than ours (aged
4-7 years) in the Czech Republic, however the effect sizes
were larger than in our sample [11]. A 2500 step/day in-
crease in mothers” weekday/weekend day steps was related
to an increase of 1143/928 weekday/weekend day steps in
the children, and a 2500 step/day increase in fathers’ week-
day/weekend day steps resulted in an increase of 903/753
weekday/weekend day step increase in the children. Com-
bined these findings suggest that children and their parents
accumulate similar amounts of ambulatory activity through-
out the day. Thus, interventions designed to get children
moving more throughout the day could be enhanced by in-
cluding a parent component. Indeed a meta-analysis of
family-based interventions found significant but small ef-
fects across 19 studies [54].

Our study suggests that the parent—child PA relation-
ship as measured by pedometers does not exhibit a same
gender (i.e., gender homogeneity), child gender, or par-
ent gender effect. The literature on gender specific par-
ent—child PA relations using pedometers is quite mixed.
For example, significant mother-offspring but not father-
offspring step correlations were found in a sample of 8—
18 year-old youth in France [10]. Contrarily, fathers’
steps (but not mothers’ steps) was related to the steps of
their children in a sample of Spanish children aged 8-9
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years and their parents [14]. In contrast, father-son,
father-daughter, and mother-son step relationships were
observed in a sample of 5-19 year-old Canadian youth
and their parents [8]. Yet the relationship between
mothers and their daughter’s steps did not reach signifi-
cance (p=.08). Another study found father-daughter,
father-son, mother-daughter, and mother-son step rela-
tionships on weekends, however the father’s steps was not
related to his daughter’s steps on weekdays [13]. A limita-
tion of these studies is that they did not formally test
whether the slopes in each groups were significantly dif-
ferent from one another, but rather subjectively compared
the size of effects and the significance of the coefficient.
Because we formally tested these interactions, our findings
provide more conclusive evidence. A study by Jago and
colleagues [24] that assessed MVPA using accelerome-
ters, illustrates the importance of formally testing inter-
actions. From an inspection of the beta coefficients, the
magnitude of effects of the father-son and father-
daughter PA relationships appeared to be similar. For
mothers, the effects appeared to be stronger for daugh-
ters than sons. A formal test however showed that the
mother-child PA relationship was not significantly
different for boys and girls.

In addition to testing differences by gender, and guided
by the IMPAP, we also explored SES and weight status vari-
ables as potential moderators of the parent—child PA rela-
tionship. Correlations were higher for parents who had
completed graduate school and for those who made >
$80,000/year, but the results did not reach statistical signifi-
cance. Weight status of the child and parent, and gender
homogeneity were not effect modifiers. A few studies have
examined SES moderators of the parent—child PA relation-
ship. Jacobi and colleagues [10] observed higher correla-
tions between mother-offspring pedometer-determined PA
for employed mothers compared to unemployed mothers
however the differences were not empirically tested. In a
sample of 5-6 vyear-olds, mothers’ and children’s
accelerometer-measure MVPA was related regardless of
the mothers’ education. However, fathers’ and children’s
MVPA was only significant related for fathers with high
education (i.e., had attended university) [19]. To the con-
trary, Fridlund Dunton and colleagues [55] found that
children and parents whose household income was
< $30,000/year performed more MVPA together (indicat-
ing PA co-participation) than those with a household in-
come >$100,000/year. Similar to our study, Jago and
colleagues [9] did not find that parent BMI modified the
parent—child PA relationship with 431 parent—child dyads.
Taken together, our exploration of several potential mod-
erators provides a unique contribution to the literature
and suggests that interventions for families with children
aged 7-8 years do not need to be individually tailored by
SES, weight status, or gender. Future research should

Page 8 of 11

explore if other parental attributes or parenting styles are
moderating factors.

A stronger child—parent PA relationship was found when
PA was measured objectively using pedometers, compared
to when measured subjectively using questionnaires. Simi-
lar to our study, a meta-analysis recently reported slightly
higher effects when PA was measured using objective vs
subjective measures, yet the difference was not significant
[3]. One explanation is that the higher degree of measure-
ment error that comes with using self- or proxy-report sur-
veys attenuated the effects [6]. Thus, the parent—child PA
relationship as measured by pedometers is more precise es-
timate of this relationship. A second potential explanation
is there is stronger familial aggregation for total PA (cap-
tured by pedometers) compared to sport and volitional ac-
tivities which are often captured by questionnaires [8]. In
support of this, a significant mother-daughter PA relation-
ship as found for accelerometer-measured counts/min in a
sample of 5-12 year old daughters and their mothers, but
not for MVPA. Another study however, found non-
significant parent-child PA relationships for both counts/
min and MVPA [9]. A final consideration is that we mea-
sured parent leisure time MVPA during the last seven days
and child usual PA. The slight differences in the measures
may partially explain the smaller effects found in the ques-
tionnaire analysis. Regardless, our results reinforce the im-
portance of using objective measures of PA in both parents
and children when possible.

It is important to consider the potential reasons for why
active parents have active children. Though this relation-
ship is often described as parental “modeling” or observa-
tional learning [4], it is likely due to many factors including
genetics, co-activity, and parenting practices and beliefs. It
is also possible that children influence their parents [2, 56].
Further, parents could influence their children through
several mechanisms including children’s enjoyment, motiv-
ation, perceived competence, and/or self-efficacy for PA
[2]. A greater understanding of these complex relationships
is important for advancing theory in this area. Further, new
advances in accelerometry such as GPS tracking and prox-
imity tagging will be useful objective tools for teasing apart
when parents and children are being active together, and
hence when observational learning is likely occurring.

Strengths of the study include the objective measure of
PA used with both parents and children, the large sample
size, and the examination of several moderators. Multiple
imputation of missing data allowed us to retain a large
sample, reduce biases, and to test several potential moder-
ators. But, some limitations should also be acknowledged.
First, because the participants were volunteers, and only
39 % of the participants from the baseline phase of the
SHAPEs study completed follow-up phase, a self-selection
bias could exist. Indeed, the parents in our sample were
more educated and higher income earners than the
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general population in the region. Second, the study is
cross-sectional and non-experimental; therefore, we can-
not assume that the parents’ caused their children to take
more steps themselves. To date, no studies have examined
the parent—child PA relationship over time using an ob-
jective measure of PA in both parents and children. As
such, longitudinal and experimental studies are needed to
establish temporal precedence and determine if there is
evidence of a causal relationship. Third, despite pedome-
ters providing an objective measure of PA, they have limi-
tations. Because the pedometers were unsealed and
parents’ recorded theirs and their children’s steps each
evening, they could have unknowingly increased their ac-
tivity or made a recording error. Pedometers are also not
able to provide an indication of missing wear time, and
thus we had to rely on the logbooks to determine if the
monitor was not worn. Further, reactivity could have oc-
curred whereby the parents and children increased their
activity level in response to wearing an activity monitor.
Several studies have examined the patterns of PA across
the week to determine if there is an initial increase in PA
and then a leveling off. No evidence of reactivity was
found with sealed and unsealed pedometers in both chil-
dren and adults [36, 57-59]. Two studies have also shown
no differences in step counts with sealed and unsealed pe-
dometers in children and adults [60, 61]. In adults, how-
ever, evidence of reactivity has been demonstrated when a
covert condition (i.e., participants were unaware that their
PA is being measured) was compared to a condition where
participants were aware their PA was being monitored
[62—64]. Finally, we acknowledge the current recommen-
dation for pedometers is seven days of monitoring [65].
When this study was designed, there was no consensus on
the number of days of monitoring required to measure ha-
bitual PA, and several studies have shown that four days of
monitoring provide reliable estimates of habitual PA [21].

Conclusions

Our findings demonstrate that active parents tend to have
active children. Stronger parent—child PA relationships
were observed with pedometers compared to question-
naires, which highlights the importance of using objective
measures, and may help explain the mixed findings ob-
served in the literature. Interventions designed to get chil-
dren moving more throughout the day could benefit from
including a parent component. Future research should ex-
plore the mechanisms by which parents influence their
children, and other parent attributes and styles as potential
moderators.
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