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A B S T R A C T   

Physical inactivity in childhood is a major public health issue. Dog ownership has been widely reported to lead to 
greater physical activity in adults and school-aged children. We examined if dog ownership and dog-facilitated 
physical activity were associated with higher physical activity in preschoolers. Secondary analysis of the ‘Play 
Spaces & Environments for Children’s Physical Activity’ (PLAYCE, 2015–2018) study involving 1366, 2–5-year- 
olds from 122 long day-care centres in Perth, Australia was conducted. Socio-demographics and movement 
behaviours (physical activity, screen time, sleep) were examined by dog ownership, dog play and dog walking. 
Dog-owning preschoolers did physical activity 8 times/week more but 6 min/day less park play than non-dog 
owners (all p < 0.05). Dog-owning preschoolers who played with their dog ≥ 3 times/week did more phys
ical activity, outdoor play and had 16 min/day more sleep (all p < 0.05). For dog-owners, family dog walking ≥
3 times/week was positively associated with preschooler physical activity, outdoor play and negatively associ
ated with screen time (all p < 0.05). Our findings suggest that the physical activity-related benefits from having a 
family dog may be realised when preschoolers spend time playing and walking their dog. Dog walking and play, 
not dog ownership alone, may be an important source of physical activity for preschoolers.   

1. Introduction 

Regular physical activity provides benefits for preschool children 
(2–5 years) including cardiorespiratory fitness, healthy weight status, 
bone health, and better social-emotional, cognitive and motor devel
opment (Carson et al., 2017). Several countries including Australia and 
the World Health Organization have released 24-hour movement 
guidelines for the early years. (Australian Government Department of 
Health, 2017). They recommend preschoolers aged 3–5 years should: 1) 
accumulate at least 180 min of total physical activity per day including 
at least 60 min of moderate to vigorous physical activity; 2) have no 
more than 60 min of sedentary screen time per day and; 3) sleep between 
10 and 13 h per day (Australian Government Department of Health, 
2017). However, many children do not meet the 24-hour movement 
(physical activity, screen and sleep) guidelines for the early years (Cliff 
et al., 2017; Roman-Viñas et al., 2016). 

There is evidence of the physical activity benefits of dog ownership 
in adults (Christian et al., 2013; Rhodes et al., 2020). There is also 

evidence that dog ownership is associated with increased physical ac
tivity in school aged children (e.g., Christian et al., 2013; 2014; Martin 
et al., 2015). For example, children (10–12 years) with a family dog are 
50% more likely to achieve the recommended level of physical activity 
compared with non-dog owners (Christian et al., 2013). In addition, 
children who walk their dog, are more likely to play in the street and 
yard and be independently mobile compared with children who don’t 
walk their dog (Christian et al., 2014). However, studies involving 
younger preschool aged children are scarce. A recent qualitative study 
explored the barriers and motivators to preschoolers’ playing with their 
dog and participating in family dog walks (Coci et al., 2022). A number 
of dog-specific, individual and physical environment influencing factors 
were identified including parents’ level of attachment to their dog, 
parental history of dog ownership, parent modelling of safe dog play, 
type of play the family dog enjoys and proximity to dog- and child- 
friendly destinations (Coci et al., 2022). Another recent study, showed 
dog ownership, in particular active play with the family dog and family 
dog walking is associated with social-emotional developmental benefits 

* Corresponding author at: Telethon Kids Institute, Perth Children’s Hospital, 15 Hospital Avenue, Nedlands, Western Australia 6009, Australia. 
E-mail address: hayley.christian@uwa.edu.au (H. Christian).  

Contents lists available at ScienceDirect 

Preventive Medicine Reports 

journal homepage: www.elsevier.com/locate/pmedr 

https://doi.org/10.1016/j.pmedr.2022.101753 
Received 14 September 2021; Received in revised form 24 February 2022; Accepted 26 February 2022   

mailto:hayley.christian@uwa.edu.au
www.sciencedirect.com/science/journal/22113355
https://www.elsevier.com/locate/pmedr
https://doi.org/10.1016/j.pmedr.2022.101753
https://doi.org/10.1016/j.pmedr.2022.101753
https://doi.org/10.1016/j.pmedr.2022.101753
http://creativecommons.org/licenses/by-nc-nd/4.0/


Preventive Medicine Reports 26 (2022) 101753

2

for preschool children (Wenden et al., 2021). 
Given dog ownership is higher in households with young children 

(45–51%) (Christian et al., 2020), further research is required to un
derstand the physical activity opportunities dog ownership could pro
vide. This study investigated if family dog ownership and dog-facilitated 
physical activity (dog play and family dog walking) was associated with 
preschooler movement behaviours (physical activity, screen time and 
sleep). 

2. Methods 

2.1. Study sample 

Data from 1336 children aged 2–5 years in the ‘Play Spaces and 
Environments for Children’s Physical Activity’ (PLAYCE) study were 
analysed (Christian et al., 2016). PLAYCE was an observational study of 
the early childhood education and care (ECEC), home and neighbour
hood influences on young children’s physical activity behaviours 
(Christian et al., 2016). Participants were recruited from ECEC services 
located in metropolitan Perth, Western Australia (response rate 46%) 
stratified by size and socio-economic status. Children were ineligible if 
they attended school full-time or had a condition that prevented them 
engaging in physical activity. Parents provided written consent. Data 
were collected between 2015 and 2018. The PLAYCE study protocol and 
methods have been published previously (Christian et al., 2016). The 
University of Western Australia Human Research Ethics Committee 
provided approval (RA/4/1/7417). 

2.2. Measures 

The parent-report survey included existing reliable measures of 
socio-demographic characteristics (child sex, age, parent education), 
family pet dog ownership (yes/no), structured (planned, set times, has 
rules, specialised equipment) and unstructured (free, spontaneous, child 
decides how, what and where) physical activity (times/week), outdoor 
play (minutes/day), family dog walking and child-dog play (times/ 
week), screen time (minutes/day) and sleep (hours/day) (Christian 
et al., 2016). 

Parents reported the frequency per week their child spent doing 
structured and unstructured physical activities (never/rarely, less than 
once/week, 1–2 times/week, 3–4 times/week, 5–6 times/week, daily). 
Items were adapted from the Healthy Active Preschool Years Study 
(Hinkley et al., 2012) and included items measuring frequency of 
‘playing with the dog’ and ‘walking the dog’. The reliability of these 
items is sound (e.g., unstructured physical activity items intraclass 
correlation (ICC) = 0.63; structured physical activity items ICC = 0.70) 
(Hinkley et al., 2012). 

Minutes per day of outdoor play was measured using a validated, 
established tool where parents reported the amount of time (0 min; 
1–15 min; 16–30 min; 31–60 min; and >60 min) across three periods of 
the day (wake-up time until noon; noon until 6 pm; 6 pm until bedtime) 
on weekdays and weekend days that their child spent playing in the yard 
or street around the house; at a park, playground, or outdoor recrea
tional area; and actively indoors at home (Burdette et al., 2004). These 
items have previously been validated against young children’s acceler
ometer data (r = 0.33, p < 0.001) (Burdette et al., 2004). 

Preschoolers wore ActiGraph GT3X + accelerometers on the hip for 
seven days during waking hours to measure frequency, duration and 
intensity of physical activity in 15-second epochs (Pate et al., 2010). Cut 
points (Pate et al., 2010) were used to discriminate between sedentary, 
light, moderate and vigorous physical activity (total physical activity: 
sum of light, moderate and vigorous physical activity), with a minimum 
of three weekdays and one weekend day (8hrs wear time/day) of valid 
data (Christian et al., 2016). 

Unadjusted associations between dog ownership and socio- 
demographic factors were tested using Chi-square analyses for 

categorical variables. T-tests were used to determine differences in child 
age and movement behaviours by dog ownership. Linear regression 
analyses assessed the associations between a) dog ownership, b) dog 
play, c) family dog walking and movement behaviour outcome variables 
with adjustment for socio-demographic factors (child age and gender, 
parent education). 

3. Results 

3.1. Sample characteristics 

Preschoolers were on average 3.3 (SD 0.7) years old, 52% were boys, 

Table 1 
Characteristics of PLAYCE preschooler study cohort (Perth, Western Australia 
2015–2018).  

Characteristic Total sample 
(n = 1,366) 
Mean (SD) or 
n (%) 

Dog owners 
(n = 583) 
Mean (SD) or 
n (%) 

Non-dog 
owners (n =
783) Mean 
(SD) or n (%) 

p-valuea 

Child sex     0.76 
Boys 715 (52.3) 308 (52.8) 407 (52.0)  
Girls 651 (47.7) 275 (47.2) 376 (48.0)  
Child age 3.3 (0.7) 3.3 (0.7) 3.3 (0.7)  0.52 
Parent education     <0.001* 
Less than secondary 66 (4.8) 38 (6.5) 28 (3.6)  
Year 12/Trade/ 

Diploma 
513 (37.6) 263 (45.1) 250 (31.9)  

Tertiary degree 787 (57.6) 282 (48.4) 505 (64.5)  
Accelerometer wear 

time (min/day) 
637 (64.0) 634 (59.0) 639 (68.0)  0.19 

Light physical 
activity (min/ 
day) 

82.7 (14.9) 83.1 (14.3) 82.4 (15.3)  0.38 

Moderate/Vigorous 
physical activity 
(min/day) 

80.1 (25.9) 81.3 (26.4) 79.2 (25.5)  0.14 

Total physical 
activity (min/ 
day) 

163 (38.0) 164 (38.0) 162 (38.0)  0.17 

Sedentary (min/ 
day) 

474 (59.0) 470 (55.0) 477 (62.0)  0.02* 

Structured physical 
activity (times/ 
week)b 

2.0 (1.3) 1.9 (1.3) 2.0 (1.3)  0.79 

Unstructured 
physical activity 
(times/week) 

20.4 (10.0) 25.2 (10.1) 16.8 (8.2)  <0.001* 

Playing outdoors at 
home (mins/day) 

73.9 (44.6) 76.9 (44.3) 71.6 (44.8)  0.03* 

Playing outdoors at 
park (mins/day) 

49.3 (41.2) 45.5 (40.4) 52.2 (41.6)  0.003* 

Total time playing 
outdoors (mins/ 
day) 

123.0 (72.0) 122 (69.0) 124 (73.0)  0.71 

Screen time (mins/ 
day) 

107 (78.0) 108 (76.0) 106 (80.0)  0.71 

Sleep time (hours/ 
day) 

11.5 (1.3) 11.4 (1.3) 11.5 (1.2)  0.11 

Dog owner 583 (42.7) – –  
Family dog walking     
2 or less times/ 

week 
– 447 (76.7) –  

3 or more times/ 
week 

– 136 (23.3) –  

Dog playing     
2 or less times/ 

week 
– 136 (23.3) –  

3 or more times/ 
week 

– 447 (76.7) –  

Sample: preschoolers aged 2–5 years. 
a p-value for dog owners compared with non-dog owners; *p < 0.05. 
b n = 910 (375 dog owners; 535 non-dog owners. 456 children did no struc

tured physical activity). 
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43% had a family dog and 58% of parents had a tertiary education 
(Table 1). Mean accelerometer-derived total physical activity was 163 
(SD 38.0) minutes/day and sedentary time was 474 (SD 59.0) minutes/ 
day. Parent-reported mean structured and unstructured physical activity 
frequency were 2.0 times/week (SD 1.3) and 20.4 times/week (SD 10.0), 
respectively. Average total time spent playing outdoors was 123 min/ 
day (SD 72.0). Mean screen time was 107 (SD 78) minutes/day and 
preschoolers slept on average 11.5 h/day (SD 1.3). Within dog owners, 
77% of preschoolers played with their dog three or more times/week 
and 23% went on family dog walks three or more times/week. More 
non-dog owning parents had a tertiary education than dog-owning 
parents (p < 0.001). There were no other socio-demographic differ
ences by dog ownership. 

3.2. Adjusted associations between dog ownership status and preschooler 
physical activity 

Dog ownership was positively associated with preschooler unstruc
tured physical activity frequency/week (B = 8.2, 95% CI: 7.3, 9.2) and 
negatively associated with park play minutes/day (B = − 6.1, 95% CI: 
− 10.5, − 1.6) (Table 2). Dog ownership was not associated with any 

other preschooler movement behaviour variables. 

3.3. Adjusted associations between dog play ≥ 3 times/week and 
preschooler movement behaviours (dog owners only) 

In dog-owning families, dog play (≥3 times/week) was positively 
associated with preschooler structured (B = 0.4, 95% CI: 0.1, 0.8) and 
unstructured (B = 12.5, 95% CI: 10.9, 14.2) physical activity frequency/ 
week (Table 2). Dog play (≥3 times/week) was also positively associ
ated with preschooler minutes/day of outdoor play at home (B = 30.8, 
95% CI: 22.8, 38.9), at the park (B = 8.2, 95% CI: 0.5, 15.9) and total 
outdoor play (B = 39.1, 95% CI: 26.2, 52.0). Further, playing with the 
family dog ≥ 3 times/week was associated with more hours of sleep/day 
(B = 0.3; 95% CI: 0.0, 0.5). 

3.4. Adjusted associations between family dog walking ≥ 3 times/week 
and preschooler movement behaviours (dog owners only) 

Family dog walking (≥3 times/week) was positively associated with 
preschooler frequency of structured (B = 0.5, 95% CI: 0.2, 0.8) and 
unstructured (B = 10.5, 95% CI: 8.8, 12.3) physical activity per week 
(Table 1); while preschoolers who walked with their dog ≥ 3 times/ 
week also did significantly more minutes/day of outdoor play at home 
(B = 10.3, 95% CI: 1.9, 18.8), at the park (B = 21.1, 95% CI: 13.5, 28.6) 
and total outdoor play (B = 31.4, 95% CI: 18.4, 44.5). Family dog 
walking (≥3 times/week) was associated with fewer minutes/day of 
screen time (B = − 16.7, 95% CI: − 31.3, − 2.2). Family dog walking and 
dog play were not associated with accelerometer-derived physical 
activity. 

4. Discussion 

A large proportion (43%) of families had a family dog which is 
comparable to other nationally representative studies involving young 
children (Christian et al., 2020). Dog-owning preschoolers accumulated 
more unstructured physical activity but less outdoor play at the park 
compared with non-dog owners. However, within dog-owning families, 
regular (≥3 times/week) dog play and family dog walking was posi
tively associated with higher levels of parent-reported preschooler 
outdoor play (home, park and overall) and unstructured and structured 
physical activity. These findings are in support of studies in older chil
dren showing dog ownership is positively associated with physical ac
tivity (Christian et al., 2013; Martin et al., 2015; Owen et al., 2010). 
They also align with a study reporting that school-aged children (10–12 
years) who walk their dog, walk more in their neighbourhood, play more 
in the street and yard and are more independently mobile (Christian 
et al., 2014). A recent study has highlighted that regular dog play and 
family dog walking is positively associated with preschooler social- 
emotional development (Wenden et al., 2021). 

Preschoolers who regularly walked or played with their family dog 
also had lower screen time and slept more. Only one other study to date 
has examined the relationship between dog ownership and preschooler 
screen time, and found no association (Gadomski et al., 2017). There 
appears to be no studies investigating the relationship between pre
schooler dog ownership and sleep. The relationships observed may be 
due in part to dog-facilitated physical activity, rather than dog owner
ship per se, enabling young children to be more physically active, spend 
less time on screens and sleep more. It is possible the positive relation
ships observed are related to the dog–human oxytocin loop (Nagasawa 
et al., 2015). Previous research has shown the existence of a self- 
perpetuating oxytocin-mediated positive loop in human–dog relation
ships that is similar to that of human mother-infant relations (Nagasawa 
et al., 2015), however another study reported no association (Marshall- 
Pescini et al., 2019). These relationships require further testing to 
identify the mechanisms through which dog-facilitated physical activity 
positively supports preschooler movement behaviours. 

Table 2 
Adjusted associations between dog ownership, dog play, and family dog walking 
and preschooler movement behaviours in PLAYCE study cohort (Perth, Western 
Australia 2015–2018).    

Full sample (n 
= 1366) 

Dog-owning family sub-sample 
(n = 583)   

Dog 
ownershipa 

Dog play ≥3 
times/weekb 

Family dog 
walking ≥3 
times/weekc   

B (95% CI) B (95% CI) B (95% CI) 

Accelerometer derived 
measuresd     

Light physical activity 
(mins/day) 

1.2 (− 0.2, 2.5) 1.6 (− 0.8, 
4.0) 

1.0 (− 1.4, 3.4)  

Moderate/Vigorous 
physical activity 
(mins/day) 

1.8 (− 0.6, 4.3) 0.2 (− 4.2, 
4.5) 

3.2 (− 1.1, 7.6)  

Total physical activity 
(mins/day) 

3.0 (− 0.4, 6.5) 1.6 (− 4.4, 
7.7) 

4.4 (− 1.7, 10.4)  

Sedentary (mins/day) − 3.0 (− 6.5, 
0.4) 

− 1.6 (− 7.7, 
4.4) 

− 4.4 (− 10.4, 
1.7) 

Parent-report measurese     

Structured physical 
activity (times/week)f 

0.0 (− 0.2, 0.2) 0.4 (0.1, 
0.8) ** 

0.5 (0.2, 0.8) **  

Unstructured physical 
activity (times/week) 

8.2 (7.3, 9.2) 
*** 

12.5 (10.9, 
14.2) *** 

10.5 (8.8, 12.3) 
***  

Playing outdoors at 
home (mins/day) 

4.57 (− 0.3, 
9.4) 

30.8 (22.8, 
38.9) *** 

10.3 (1.9, 18.8) 
*  

Playing outdoors at 
park (mins/day) 

¡6.1 (− 10.5, 
¡1.6) ** 

8.2 (0.5, 
15.9) * 

21.1 (13.5, 
28.6) ***  

Total time playing 
outdoors (mins/day) 

− 1.5 (− 9.3, 
6.3) 

39.1 (26.2, 
52.0) *** 

31.4 (18.4, 
44.5) ***  

Screen time (mins/day) − 2.01 (− 10.4, 
6.4) 

5.9 (− 20.5, 
8.6) 

¡16.7 (− 31.3, 
¡2.2) *  

Sleep time (hours/day) − 0.1 (− 0.2, 
0.1) 

0.3 (0.0, 
0.5) * 

0.2 (0.0, 0.4) 

Note: Boldface indicates statistical significance (* p < 0.05, ** p < 0.01, ***p <
0.001). 

a Reference group = non-owning families of preschoolers (aged 2–5 years). 
b Reference group = dog owning families who reported their preschooler 

(aged 2-5 years) played with the dog <3times/week. 
c Reference group = dog owning families who reported their preschooler 

(aged 2-5 years) went on family dog walks <3times/week. 
d Models adjusted for child age and gender, parent education and acceler

ometer wear time. 
e Models adjusted for child age and gender and parent education. 
f n = 910 (375 dog owners; 535 non-dog owners. 456 children did no struc

tured physical activity). 

H. Christian et al.                                                                                                                                                                                                                               



Preventive Medicine Reports 26 (2022) 101753

4

It is worth noting that only parent-report and not accelerometer 
derived measures of preschooler movement behaviours were positively 
associated with dog-facilitated physical activity. While accelerometers 
provide an objective measure of preschooler physical activity, they are 
not context specific (e.g., structured vs. unstructured physical activity, 
playing outdoors at home/park) and thus may not be sufficiently sen
sitive to capture the contribution dog-facilitated physical activity makes 
to preschooler movement behaviours. Furthermore, while preschoolers 
wore the accelerometer in the same week the parent completed the 
survey, the survey asked about preschoolers’ ‘typical’ movement be
haviours (e.g., structured and unstructured physical activity per week 
thinking about the last month) which may reflect usual behaviour rather 
than actual behaviour as captured by the accelerometer. 

Overall dog ownership alone may be insufficient to facilitate 
increased preschooler physical activity. However, playing regularly with 
the family dog and going on regular family dog walks could be an 
important source of physical activity for preschoolers and should be 
investigated as a future intervention strategy. Future studies may also 
consider using machine learning activity classification models with 
accelerometer data for more accurate measures of children’s movement 
behaviours (Ahmadi et al., 2020). Overall, these findings highlight that 
the movement behaviour benefits from dog-facilitated physical activity 
may begin early in childhood. 

5. Strengths and limitations of the study 

This study was a secondary analysis of data from the PLAYCE study. 
Dog ownership was not a primary focus of the PLAYCE study, thus 
factors such as the number, breed, age and health of the dog and, the 
level of attachment between the dog and child were unmeasured (Coci 
et al., 2022). Future studies should collect information on such dog- 
related factors as well as further socio-demographic factors (e.g., fam
ily income, single parent status) and information about the physical 
environment in which family dog walks occur (e.g., access to parks and 
dog-related features such as dog exercise areas). Our study was also 
limited by not including an explicit definition of dog play and family dog 
walking. Finally, the cross-sectional design did not permit causal in
ferences to be made. However, this study had a number of strengths 
including the large representative sample of preschoolers from a range 
of socio-demographic backgrounds, the inclusion of several movement 
behaviour-related outcomes and the use of both objective and parent- 
report measures of movement behaviours. 

6. Conclusion 

Dog-facilitated physical activity provided through playing with the 
family dog and family dog walking, rather than dog ownership per se, 
may support healthy movement behaviours (physical activity, minimal 
screen time, adequate sleep) in young children. This study highlights the 
unrealised capacity for family dog walking and dog play to improve 
young children’s movement behaviours. Further research to identify 
casual relationships and the mechanisms through which dog-facilitated 
physical activity may improve preschooler movement behaviours is 
required. Given the large proportion of families with young children 
who have a dog, such interventions may be simple, low-cost and a 
potentially effective way to increase preschooler movement behaviours. 
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