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Abstract

Background: Evidence of intra-family resemblance in physical activity (PA) is lacking. The association between
parent and child PA appears weak, the influence of age and gender on this association is uncertain, and no studies
have investigated the degree of resemblance in family members’ PA behaviours such as walking, sitting/lying, and
biking. Thus, the aims of the study were to examine the degree of resemblance in PA within families, specifically
between parents and children, and to explore the size of resemblance across age of children, gender of parents
and children, and intensity and type of PA.

Method: The study is a cross-sectional analysis of a subsample (902 parents and 935 children nested within 605
families) of the Danish population study Lolland-Falster Health Study. PA was measured using a dual-accelerometer
system (Axivity AX3) with subsequent processing of time spent in light PA (LPA), moderate-to-vigorous PA (MVPA),
and vigorous PA and classification of PA behaviour types. Families with at least one son/daughter aged 0-22 years
and one parent providing minimum 4 days of valid accelerometer data were included in the analysis. A linear
mixed model regression analysis was used to determine the intraclass correlation coefficient (ICC) of clustering
among family members for PA intensities and PA behaviours, adjusted for sex, age, parental education, and the
interaction between sex and age.

Results: In the analysis of within-family variation in PA, the ICCs across PA intensities and PA behaviours ranged
from 0.06 to 0.34. We found stronger clustering in family members’ PA for LPA and behaviours requiring low
energy expenditure (LPA: ICC 0.22 (95% confidence interval (Cl) 0.17; 0.28), sitting/lying: ICC 0.34 (95% Cl 0.28; 0.40)),
and walking: ICC 0.24 (95% CI 0.19; 0.30) than for higher intensities (e.g. MVPA: ICC 0.07 (95% CI 0.03; 0.14)). The ICC
for biking was 0.23 (95% Cl 0.18; 0.29). Analyses on parent-child dyads gave similar results. No interaction effects for
gender and age (except for biking) were found.
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resemblance.

Health Study, LOFUS, Denmark

Conclusion: Parents and children’s time spent in PA behaviours requiring low energy expenditure had moderate
resemblance within families, whereas engagement in PA with higher intensities showed small or close-to-zero
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Introduction

Physical activity (PA) is a complex behaviour influenced
by multiple individual, inter-relational, social, environ-
mental, and political factors [1]. On the inter-relational
level, family is an entity and an arena for connectedness
and interactions among parents and children [2]. Inter-
actions within a family are complex and multidirectional,
and family members may influence each other in health-
related behaviours, through for example norms, routines,
negotiations, prioritisation, resistance, and cooperation
[2, 3]. Thus, the family is considered to play a role for
the PA of the family as a whole and for the PA of each
individual family member [1, 4].

The physical and mental health benefits of PA across
the life course are well established [5, 6], which in the
family setting means that PA is important for both par-
ents and children. The PA of family members may in-
clude non-structured (e.g. childcare, housework, playing,
and watching TV) and structured activities (e.g. sport,
exercise, and transportation). The diverse activities
within the family setting require different PA behaviours
such as sitting, standing, walking, and running and thus,
include various PA intensities [7]. Parents and children
carry out some of these activities together, whereas
others are performed individually in shared or non-
shared settings [3]. Especially for boys, intra-family PA
patterns may have specific implications for future activ-
ity levels, because their childhood PA behaviours seem
to track moderately into adulthood. For girls, this track-
ing tends to be lower. Growing up, the most crucial age
for adulthood PA levels seems to be adolescence [8]. In
the family PA context, much previous research have fo-
cused on parents being important socialisation agents
influencing children’s PA behaviour through e.g. parent-
ing style, shared environment, and co-participation [9,
10]. Genetics seem to have relatively low influence on
the variability of intra-family PA levels compared to en-
vironmental factors [11].

In a recent systematic review on associations between
parents’ device-measured or self-reported PA and chil-
dren’s device-measured PA, the authors found a weak,
positive relationship between parent and child PA across
all studies (average correlation of 0.13) [12]. However,
the internal validity of the included studies was generally
low (high risk of bias), which may blur the size of

estimated average magnitude of correlation between par-
ent and child PA. For example, studies using self-
reported data on parental PA showed a weaker relation-
ship between parent and child PA than studies using
device-based measures (average magnitude of correlation
0.04 versus 0.16, respectively). Moreover, while the in-
cluded studies examined associations between PA inten-
sities (especially moderate-to-vigorous PA (MVPA)) of
parents and children, the authors of the review did not
identify studies that examined associations for time
spent in specific types of PA behaviours such as walking,
sitting, lying, and biking. Further, there is a lack of
knowledge about the impact of child age [13] and incon-
sistent findings about the potential influence of gender
[14], which calls for further examination. Thus, more
high-quality research is needed to improve our under-
standing of the co-occurrence (i.e. clustering) of time
spent in specific PA intensities and PA behaviours
among family members, specifically among parents and
children. In a public health perspective, more knowledge
about the family setting as one of many contributors to
PA as a complex behaviour may inform health promo-
tion initiatives.

Therefore, the aims of this study were 1) to examine
the degree of resemblance in PA within families with
children and between parents and children, and 2) to ex-
plore the degree of resemblance across age of children,
the gender of parents and children, and the intensity and
type of PA.

Method

Study design and participants

We used data from a subsample of households in the
Lolland-Falster Health Study (LOFUS) [15]. In brief,
LOFUS is a Danish household-based population study
that enrolled 19,000 participants aged 0-96 years be-
tween 8 February 2016 and 13 February 2020. Randomly
selected individuals aged >18 years living on one of the
two Danish islands Lolland and Falster and, if any, their
household members were invited to participate and con-
tribute with data for many research purposes. Participa-
tion was voluntary for each household member. The
data collection encompassed questionnaires, a site visit
including a series of physical examinations, and collec-
tion of biological samples [15]. At the end of the site
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visit, a subsample of LOFUS participants was asked to
wear accelerometers. Between 1 February 2017 and 30
November 2018, the inclusion criteria was that at least
one child and one adult from a given household should
agree to accelerometer assessment. From 1 December
2018 to 13 February 2020, all LOFUS participants were
eligible for inclusion. Subjects who could not walk were
excluded. The present study included families (with chil-
dren up to the age of 22years), who participated in
LOFUS between 1 February 2017 and 2 October 2019.
We operationalised family as at least one parent and at
least one child from the same household. Parent refers
to a primary caregiver, which could be a biological par-
ent, a stepparent, a foster parent, or any other legal
guardian [16].

Socio-demographic information

Socio-demographic information about the parents was
obtained by self-reported questionnaires [17]. Data on
civil status was dichotomised as 1) married/cohabiting
and 2) divorced/separated/single/widow(er). Educational
level was divided into three categories: 1) medium (3—4
years) or longer higher education (=5years), 2) short
higher education (2-3years) or vocational education,
and 3) one or multiple shorter courses or no formal edu-
cation. In families including two participating parents,
the highest reported educational level was used as paren-
tal education in the analyses. Sixteen response options
on occupational status were categorised as being 1)
employed (e.g. employees, employers, or self-employed),
2) student (e.g. in high school, college, or vocational
training), and 3) out of work (e.g. on social benefits or
unemployed).

Anthropometry

Anthropometric measures were taken at the site visit.
Height and weight were obtained using standardized an-
thropometric procedures [15], and body mass index was
calculated.

Measurement of physical activity

Two Axivity AX3 accelerometers [18] were used to
measure PA in parents and children. The accelerometers
were attached to the skin using adhesive plaster to en-
able full 24-h recording. One accelerometer was worn
on the right side of the lower back above the pelvic
ridge, and the other on the front of the right thigh in the
midst between the knee and the hip. The participants
were instructed to wear the accelerometers for seven
consecutive days, including during sleep and water activ-
ities and to reapply the accelerometers if they fell off.
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Data reduction of raw accelerometer data

Valid wear periods were identified by evaluating accel-
eration and temperature. The raw acceleration was
band-pass filtered (0.1-4 Hz) and temperature low pass
filtered (0.05 Hz) using a fourth order Butterworth filter
(zero delay). A non-moving temperature (NMT) thresh-
old was individually determined from the temperature
recorded during movement (the lower limit of the 95%
confidence interval (CI)). Periods of no movement
(consecutive acceleration below 20mg) longer than
120 min were always identified as non-wear, and
shorter periods from 45 to 120 min were identified as
non-wear if the average temperature was below the es-
timated NMT threshold. Periods of 10 to 45 min with
no movement were only identified as non-wear if the
average temperature was below the NMT threshold,
and if the end of the period was within the expected
awake time (6:00 a.m. to 10:00 p.m.). Periods with active
movement were identified as device transport (device
moving but not worn by the subject) if the average
temperature was below the NMT threshold [19]. PA in-
tensity was determined by generating ActiGraph counts
using 10 s-epochs from the raw acceleration measured
at the back [20]. The PA intensity estimated using
counts with intermittent activities is known to be
underestimated [21, 22] and in order to account for this
measurement error, we identified high intensity bouts
using vector magnitude acceleration separated with no
movements of less than 10s and used interpolation to
account for the elevated post oxygen consumption
between bouts [23]. The known measurement error
with intermittent activities [21, 22] was reduced by
interpolating the non-moving activity between closely
related (<10s distance) bouts of high intensity (vigor-
ous) activity bouts (Brend JC, Andersen LB, Grontved
A, Pedersen HA, Arvidsson D: Accurate assessment of
intermittent activity with accelerometry, submitted).
This method is similar to the two-regression method
originally proposed by Crouter et al. [24], however
avoiding the use of multiple regressions equations and
improving the resolution by correcting the measure-
ment error in the second-by-second data [24-26].
Criteria for a valid day was at least 8 h of wear time
[27-29]. The awake time analysis was restricted to 6:00
a.m. and 11:59 p.m. (both weekdays and weekend days),
and only subjects providing at least 4 days were in-
cluded. Furthermore, only households that provided
valid data from at least one parent (>23 years) and one
child (0-22years) were included in the final analyses.
Estimating subjects' time spent in the commonly used
intensity intervals light (LPA), moderate (MPA), vigor-
ous (VPA), and moderate-to-vigorous intensity (MVPA)
was based on application of count thresholds. Activity
counts specific intensity thresholds were established
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using an internally conducted validation experiment.
The experiment included 133 subjects in the age range
of 5 to 50 years. The subjects were divided into a pre-
school group (5-6years, N=29), a child group (9-11
years, N=35), an adolescent group (14—16 years,
N=31), and an adult group (> 18 years, N = 38). Identi-
fying age-independent MPA and VPA intensity-specific
counts thresholds is challenging, and adjusting for basal
metabolic rate to account for body weight, height, and
maturation is not an accurate solution [30]. The meta-
bolic and mechanical cost of walking at self-selected
speed is similar across a large age range [31] and
performed at an intensity corresponding to 30-35% of
individuals’ VOsy,,.x. Moreover, the metabolic cost of
running is performed at an intensity >60% of VO, ax
suggesting that running at any speed requires a vigor-
ous effort. This suggests that a moderate intensity cut-
point can be defined as the average counts for walking
at self-selected speed irrespective of age, whereas the
vigorous cut-point as the counts threshold at which
most subjects are considered running (the lower limit
of the 95% CI). The moderate cut-points for the four
groups were 1680, 3075, 3522, and 3522, whereas the
vigorous cut-points were 3368, 5543, 5755, and 6016
[22]. MVPA was calculated as the sum of MPA and
VPA activity. The LPA cut-point was set to 100 counts
for all age groups. Estimating the time spent lying, sit-
ting, standing, walking, biking, and running for each
subject was determined using the method described by
Skotte et al. [32]. This method uses a simple decision
tree in combination with six different signal features
generated from the thigh and the back raw acceleration
data to identify PA behaviours. In the study by Skotte
et al., a very high sensitivity and specificity was dem-
onstrated with the identification of several PA behav-
iours [32]. The method has been evaluated with
children aged five to 16years, and the results from
the study demonstrate similar sensitivity and specifi-
city as with adults [33].

Ethics

Region Zealand’s Ethical Committee on Health Research
(SJ-421) and the Danish Data Protection Agency (REG-
24-2015 and REG-147-2016) approved the study. LOFUS
is registered in Clinical Trials (NCT02482896). Written
informed consent was obtained at the site visit. The
holders of custody signed the consent form for partici-
pants aged 0—14 years [15].

Statistics

The statistical analyses were conducted using Stata

version 16.0 (StataCorp, College Station, Texas, USA).
Subject characteristics are presented as percentages for

categorical variables and means + standard deviations
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(SD) for continuous variables. Initially, we produced
scatter plots of parent and child PA to graphically exam-
ine any possible departures from linearity. With no indi-
cations of non-linear relationships, mixed linear
regression analysis with maximum likelihood estimation
was used to estimate the clustering of PA within the
total family and within parent-child dyads (random ef-
fect), adjusted for sex, age, parental education, and the
interaction between sex and age (fixed effects). We also
statistically tested the null hypothesis that the variance
explained by the random effect was zero using a re-
stricted likelihood ratio test comparing the random ef-
fect model with ordinary regression model. Based on the
variance components of the estimated random effects
(family or parent-child dyads), we calculated the intra-
class correlation coefficient (ICC) with 95% CI as the ra-
tio of the within-family (or within parent-child dyads) to
total variance of PA. Thus, the ICC is a measure of re-
semblance within a cluster (e.g. the total family or
parent-child dyads); an ICC closer to 1.00 indicates
higher resemblance [34]. We refrained from calculating
CI for low ICC values, due to close-to-zero denominator
problem in the calculation of 95% CI with the delta
method. A p value of <0.05 was considered statistically
significant.

We estimated the degree of resemblance in PA among
all family members (i.e. the total family) and the follow-
ing parent-child dyads 1) one parent and one child, 2)
one parent and one child aged 0-6 years, 3) one parent
and one child aged 7-11years, 4) one parent and one
child aged 12-22 years, 5) one father and one daughter,
6) one father and one son, 7) one mother and one
daughter, and 8) one mother and one son. If more than
one parent and/or one child were eligible for a dyad, we
made a random selection using Stata.

Results
Figure 1 presents the flow chart of the study. Of the
3904 LOFUS-participants who provided accelerometer
data by 2 October 2019, 1837 participants nested within
605 families met the inclusion criteria for the present
study. Of these, 902 were parents (female 58.5%; mean
age 429 +7.1years), and 935 were children (female
55.0%; aged 10 months-22 years; mean age 11+4.5
years). Characteristics of the study participants are dis-
played in Table 1. The majority of the parents were mar-
ried or cohabiting (92.0%), only 10.4% had no formal
education, and 86.5% were employed, while 5.7% were
students and 7.8% were out of work. The number of
family members, who were included in the present
study, ranged from 2 to 6 members (mean 3 members)
(Table 2).

For parents and children combined, the mean wear
time was 21.9+12h per day, while the average
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Subjects invited to participate in LOFUS
29 January 2016 — 2 October 2019
N = 50,297

v
Participants in LOFUS per
2 October 2019
n=17,592

Non-participants in LOFUS
per 2 October 2019
n=32,705

A 4

Excluded subjects in accelerometer measurement, n = 13,688
1) Participated before 1 February 2017*, n = 2564
2) Did not meet the inclusion criteria*, n = 10,326
3) Refused to wear accelerometers, n = 818

A 4

Participants with accelerometer data
n=3904

v

Excluded subjects for this study, n = 2067
1) Did not meet the inclusion criteria af, n = 1862
2) Did not meet the inclusion criteria b', n = 205

A 4

Included in the analysis
N=1837
= Parents, n =902
= Children, n =935
= Families, n = 605

*1 February 2017 — 30 November 2018, children (aged 0-17 years) and adults (>18 years of age) belonging to the same household and
participating in LOFUS were eligible for inclusion in accelerometer measurements if they could walk.

Step-by-step exclusion for this study: a) did not belong to a family including at least one participating child and one participating parent
providing accelerometer data, b) participants with less than 4 days of valid accelerometer data.

Fig. 1 Flow chart for the study on resemblance of physical activity in families with children, Lolland-Falster Health Study (LOFUS)

accelerometer time included in the processed data was
17 £ 0.8 h per day. The majority of PA was accumulated
in LPA for both parents (212.6 + 56.0 min per day) and
children (197.5 + 50.0 min per day). Parents accumulated
on average 25.5 £ 16.0 min per day of MVPA. Almost all
this activity was of moderate intensity with only few mi-
nutes accumulated in VPA (5.5 £ 6.8 min per day). Chil-
dren accumulated on average 56.8 + 34.0 min of MVPA
per day. Almost half of this activity was VPA (23.7 £
19.8) (Table 1).

Intra-family resemblance in PA
Table 3 shows the clustering in PA within the total family,
within parent-child dyads, and within parent-child dyads

by the age of the children. For the total family, the ICCs
for the various intensities of PA and PA behaviours ranged
from 0.06 to 0.34. The intra-family resemblance was
stronger in LPA/PA behaviours requiring low energy ex-
penditure (ICCs from 0.21 to 0.34) than in MVPA and
VPA (ICCs 0.06 and 0.07, respectively). The ICC for run-
ning was lower than for walking (ICC 0.12 versus 0.24, re-
spectively). We found similar results in the age-specific
analyses, and the findings from the gender-specific ana-
lysis (Table 4) showed a similar pattern independent of
gender of parents and children. The ICC for biking in-
creased by the age of the children (ICC 0.03 in age-group
0-6 years versus ICC 0.36 in age-group 12-22years). It
was 0.23 for the total family (Table 3).
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Table 1 Characteristics of the sample of parents and children
nested in 605 families, N = 1837
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Table 2 Number of family members per family included in the

n (%) Mean + SD
Parents, n =902
Gender
Male 374
(41.5)
Female 528
(585)
Age (years) 429 + 7.1
Body mass index 269 +52
Civil status, n=708
Married/cohabiting 652
(92.0)
Divorced/separated/single/widow(er) 56 (8.0)
Educational level, n=713
Medium or long higher education 290
(40.7)
Short higher education or vocational 349
education (48.9)
One or multiple shorter courses or no 74
formal education (104)
Occupation, n =825
Employed 710
(86.5)
Student 49 (5.7)
Out of work 66 (7.8)
Physical activity
LPA (minutes/day) 2126 + 560
MVPA (minutes/day)® 255 + 160
VPA (minutes/day) 55+68
Children, n =935
Gender
Boys 420
(45.0)
Girls 515
(55.0)
Age (years) 11+£45
Physical activity
LPA (minutes/day) 197.5 + 50.0
MVPA (minutes/day)® 56.8 + 340
VPA (minutes/day) 23.7 198

2LPA Light physical activity, °MVPA Moderate-to-vigorous physical activity, VPA
Vigorous physical activity

Discussion

In this study, we examined the degree of resemblance in
PA within the total family and within pairs of parents
and children. We found that parents and children’s time
spent sitting/lying, walking, and biking and time spent in
LPA had moderate resemblance within families, whereas

study
Number of family Families,  Children in the families,
members n n
2 199 199
218 315
4 150 297
5 29 85
6 9 35

engagement in non-specific PA with higher intensities
showed small or close-to-zero resemblance.

The level of PA of parents and children may differ as a
function of the age of the child [35, 36], and some stud-
ies have reported that the association between parent
and child PA weakens as children grow older [37, 38].
However, our results showing similar intra-family clus-
tering of PA across the age of children correspond to
the conclusion of previous reviews [12, 39].

The present study confirms the systematically summa-
rized findings of a recent review, which showed that
parent-child resemblance in PA tend to be similar across
the gender of parents and children [12]. In this research
field, most previous studies have only examined the as-
sociation between mother and child PA [40], but studies
including both mothers and fathers have shown mixed
results. Moore et al. [41] found that fathers’ activity level
was more strongly associated with the PA level of 4-7
year old children than that of mothers, while Jago and
colleagues [42] reported the opposite in a sample of 5-9
year old children. Fisher et al. [43] found no association
between parent and child PA regardless of the gender of
the child, whereas Abbott and colleagues [44] observed
that parental PA was associated with the PA of girls, but
not boys in data on pre-school aged children. The incon-
sistent findings may be explained by methodological
weaknesses in these studies such as difference in pro-
cessing of raw accelerometer data [12]. However, societal
and cultural differences in parenthood between study
settings may also be part of the explanation. Our finding
may reflect that parenthood is more equal between gen-
ders in Denmark compared to many other countries.
Maternal employment rates are high, and fathers have
fewer working hours per week compared to, for ex-
ample, USA, Australia, and Italy, and Danish parents are
therefore more likely to share child-care responsibilities
[45]. Furthermore, analyses comparing mornings versus
afternoons of weekdays and weekdays versus weekends,
respectively may reveal stronger resemblance in parent-
child PA in time segments of the week, during which
they are likely to be together [46]. More fine-grained
studies like this may also provide a deeper understand-
ing of age- and gender-specific differences.
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Table 3 Mixed linear regression analysis of resemblance of physical activity within families, within parent-child dyads, and within
parent-child dyads by the age of the child®, N=1837

The total family Parent-child Age group 0-6 y Age group 7-11y Age group 12-22y
(N=1837) (dyads n=558) (dyads n=126) (dyads n=257) (dyads n=271)
ICC 95% Cl p value ICC 95% Cl p value ICC 95% Cl pvalue ICC 95% Cl pvalue ICC 95% Cl p value
CPM 0.12 (0.08; <0.01 0.02 (0.00; 0.32 0.08 (0.01; 0.39 003 - - 0.06 (0.01; 0.01
0.19) 0.62) 0.48) 0.36)
LPA 022 (0.17; <0.01 0.19 0.12; <001 0.04 (0.00; 0.36 0.17 (0.08; <001 0.17 (0.08; <0.01
0.28) 0.29) 0.82) 0.32) 032)
MVPA 007 (0.03; <001 <001 - - <001 - - 006 (0.01; 023 0.12 (0.05; 0.16
0.14) 0.36) 0.29)
VPA 006 (0.02; 0.01 <001 - - <001 - - 002 - - 007 (0.01; 0.02
0.13) 0.33)
Sitting 021 (0.16; <001 013 (007 <001 010 (002 001 019 (0.10; <001 006 (007; 0.01
0.27) 0.24) 043) 0.34) 0.35)
Lying 022 (0.17; <0.01 023 0.16; <001 0.30 (0.16; 0.01 0.19 (0.10; <001 0.17  (0.09; <001
0.28) 0.32) 0.48) 0.34) 032)
Sitting + lying 034 (0.28; <0.01 033 (0.26; <001 0.31 0.18; <001 033 (0.23; <001 025 (0.16; <0.01
0.40) 041) 0.49) 044) 0.38)
Standing 025 (0.19; <0.01 0.16 (0.09; <001 0.15 (0.04; 0.20 024 (0.16; <001 0.16 (0.07; 0.06
031) 0.27) 040) 0.34) 031)
Walking 024 (0.9 <001 022 (014 <001 024  (007; 001 039 (029 <001 012 (004 <0.01
0.30) 031) 0.44) 0.49) 0.30)
Running 012 (0.08; <001 005 (007; 0.12 015 (0.04 0.23 0.05 (0.00; 040 0.08 (0.02 0.03
0.18) 0.24) 0.40) 042) 0.30)
Biking 023 (0.18; <001 024 (017 <001 003 - - 025 (0.16; <001 036 (026 <0.01
0.29) 0.33) 0.39) 047)

?Adjusted for sex, age, parental education, and sex*age

Significant p-values <0.05

ICC Intraclass correlation coefficient, C/ Confidence interval, CPM Counts per minute, LPA Light physical activity, MPA Moderate physical activity, MVPA Moderate-
to-vigorous physical activity, VPA Vigorous physical activity

Table 4 Mixed linear regression analysis of resemblance of physical activity within gender-specific parent-child dyads?, N = 1837

Father-daughter (dyads n=211) Father-son Mother-daughter (dyads n=313) Mother-son
(dyads n=212) (dyads n =266)

ICC 95% CI p value ICC  95%dlI p value 1CC 95% Cl p value ICC  95%ClI p value
CPM 0.13 (0.04; 0.33) 0.03 003 - - 0.08 (0.02; 0.28) 0.09 <001 - -
LPA 0.19 (0.09; 0.35) <001 020  (0.10;037) <001 017 (0.09; 0.31) <001 0.13  (0.05030) 002
MVPA 0.13 (0.04; 033) 0.04 <001 - - <001 - - <001 - -
VPA 0.06 (0.00; 0.44) 0.21 <001 - - <0.01 - - <001 - -
Sitting 0.12 (0.04; 0.33) 0.04 008  (0.01;036) 0.16 0.19 (0.11;032) <001 0.11 (0.04;,029) 0.04
Lying 020 (0.10; 0.36) <001 020  (0.10;036) 001 022 (0.14; 0.35) <001 029  (0.19;,041) <001
Sitting + lying  0.33 (0.22; 0.46) <001 0.27 (0.17,042) <0.01 0.31 (0.22; 0.42) <001 0.25 (0.16; 0.38) < 0.01
Standing 0.16 (0.07; 0.34) 0.01 0.13 (0.04;033) 0.09 0.22 (0.13;0.34) <001 0.14  (0.05;0.30) 001
Walking 023 (0.12; 0.38) <001 0.17  (0.07;034) 002 027 (0.19; 0.39) <001 023 (0.14,036) <001
Running 0.12 (0.04; 0.33) 0.04 009  (0.02,033) 0.16 0.08 (0.02; 0.28) 0.07 006  (0.01;,034) 0.16
Biking 0.27 (0.16; 041) <001 026  (0.15;040) <001 0.17 (0.08; 0.30) <001 0.25 (0.16;0.38) < 0.01

?Adjusted for sex, age, parental education, and sex*age

Significant p-values <0.05

ICC Intraclass correlation coefficient, CI Confidence interval, CPM Counts per minute, LPA Light physical activity, MVPA Moderate-to-vigorous physical activity, VPA
Vigorous physical activity
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A recent synthesis of data showed a weak positive as-
sociation between parent and child MVPA [12], which
has been the primary outcome in most previous studies.
Our results are consistent with this finding, which indi-
cates that the MVPA of family members is under stron-
ger influence by individual [47, 48] and/or extra-family
factors rather than factors within the family [49]. How-
ever, our findings are not supported by original studies
by Fisher et al. [43] including children aged 7-9 years
and Heitzler and colleagues [50] including children aged
11-17 years, which found no association between parent
and child MVPA. This inconsistency may be due to
methodological differences, e.g. use of questionnaires for
assessment of parental PA [51] and the lack of a gold
standard regarding data reduction of raw accelerometer
data [52]. For instance, the varying use of thresholds
among studies could add misclassification among the
different intensity domains [52].

Our finding of a stronger intra-family resemblance for
LPA than for MVPA adds to mixed findings in the pre-
vailing literature. However, a review of studies on the as-
sociation between parent and child PA found that LPA
was rarely used as a PA outcome and only in studies in-
cluding pre-school aged children. Results of these stud-
ies were mixed [12]. Thus, the present study provides
new knowledge about the resemblance of LPA in fam-
ilies across the age span of children. Our finding indi-
cates that there are important similarities among family
members in time spent in LPA and PA behaviours re-
quiring low energy expenditure (sitting, standing, and
lying). This indicates that intra-family factors such as
shared environment, co-participation, and family rules
[10, 53, 54] influence this kind of non-structured activ-
ities [7]. Activities of low intensity may be the easiest to
perform together as a family, because they require a
similar amount of energy of each family member regard-
less of age compared to activities such as running, which
demands a higher relative energy expenditure of a child
than of an adult [55].

The intra-family clustering of biking, which increased
by the age of the children, was an interesting finding of
the present study, which to the best of our knowledge
has not been shown before. Cycling is common in
Denmark across age-groups and gender [56, 57] and is
widely used for e.g. transportation to school or work and
for recreation [57]. Our finding suggests that cycling
habits to a moderate extent co-occur among family
members, and that in particular older children’s cycling
habits resemble those of their parents.

Besides shared social environments and habits, our
finding of clustering of PA within families might also be
influenced by genetics [11, 58, 59]. However, we in-
cluded not only nuclear families, but also e.g. blended
families without biological ties between all family
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members. We did not have the opportunity to conduct
separate analyses for biologically related parent-child
pairs and non-biologically related pairs, and therefore we
cannot contribute more specifically to elucidate the ef-
fect of genetics in this article.

Our finding that the level of intra-family resemblance
ranged from close-to-zero to moderate reflects that
other factors apart from the family influence individual
PA levels. On the individual level, psychological traits
such as temper [60] and self-efficacy [61] may be influ-
ential factors, and on the inter-relational level, peers
may play an increasingly important role as children ma-
ture [38]. Pre-schools [62], schools [63], and workplaces
[64], environmental factors in the local community [11,
65], and policy-related factors may all promote or im-
pede PA of individuals [1].

Strengths and limitations

The present study has several strengths. First, the
population-based sampling and the large study sample
provided statistical power to uncover potential intra-
family resemblance in PA across the full age-range of
children and all parent-child gender combinations. How-
ever, the relatively small number of 0-6year old chil-
dren may be a limitation, especially taking the
substantial developmental changes children undergo in
early childhood into consideration [66]. Therefore, the
results regarding the youngest age-group should be
interpreted with caution. Second, this study provides
new insight in terms of intensities other than MVPA.
Third, the use of a dual-accelerometer system to assess
PA in both parents and children allowed device-based
reporting of PA over 24 h and accurate classification of
time spent in different PA behaviours under free-living
conditions [32]. A drawback in the use of accelerometers
is that there is no consensus about the method used in
the data reduction process, which still makes it difficult
to compare results between studies [52].

A possible limitation is that participation in LOFUS
and the accelerometer assessment, respectively was vol-
untary for each family member, and thus, we included
incomplete families in our study. This may provide un-
certainties when comparing age- and gender-specific
sub-groups. We were unable to standardise the size of
family (number of parents and children), and instead, we
used randomly selected parent-child dyads as analysis
units. We do not know why some household-/family
members chose not to participate in LOFUS or in accel-
erometer measurement, respectively, but it could poten-
tially affect the results by limiting generalizability of the
findings. An analysis of socio-economic determinants of
participation among adults halfway through the LOFUS
data collection showed that being middle-aged, female,
Danish citizen, and of higher socio-economic status
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increased participation [67]. Further, the voluntary par-
ticipation in accelerometer measurement may have in-
creased the selection bias. However, in studies using
data from large health surveys, biased participation may
not interfere much with the associations between vari-
ables [68, 69]. Because the present study was cross-
sectional, we cannot assume any causal relationships
among the variables. Nevertheless, it is highly probable
that the relationship between parent and child PA is bi-
directional, so that all family members contribute to the
each other’s PA level and PA behaviours.

Implications for research and public health

More studies of high quality [12] are needed to confirm
our results, but also to examine the role of e.g. siblings
on children’s PA. In addition, studies on PA in separate
time segments of the week and in different cultural set-
tings may provide additional insight. Enriching future
studies with data on underlying factors, such as encour-
agement, support, and modelling for PA may contribute
to a more comprehensive picture of the complexity of
PA behaviour in the family setting.

Our results indicate that public health initiatives tar-
geting PA habits of families could aim at replacing sed-
entary activities with activities of light intensity, since
these activities seem to have a stronger within-family re-
semblance than MVPA and VPA. Thus, targeting paren-
tal sedentary behaviours as a means to decrease
sedentary time and increase LPA in their children might
be a possible candidate for intervention. Furthermore,
since variation in children’s MVPA and VPA seems not
to be explained by the PA of parents, pre-schools and
schools may be more fruitful arenas for increasing the
PA of children than the home environment, which may
also have the potential to level out possible influence of
socio-economic factors. Local facilities for sports, play,
and active transportation may also be important settings
for PA promotion in both adults and children. However,
for children, parents may still play an important role
through support and motivation for PA.

Conclusion

This cross-sectorial population study adds to the evi-
dence on the importance of family for PA of family
members with a special focus on the parent-child rela-
tionship. We found varying degrees of intra-family clus-
tering of PA dependent on the intensity and type of PA,
which was similar across the age of children and the
gender of parents and children. The strongest similar-
ities were found for LPA and sitting/lying, walking, and
biking with moderate resemblance in time spent on
these activities between parents and children, whereas
engagement in activities with moderate or high intensity
showed small or close-to-zero resemblance. More
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research is required to fully understand factors influen-
cing PA as a complex behaviour in the family setting,
but public health interventions targeting the PA habits
of families may be fruitful.
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