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Physical activity, sedentary behaviours and health in preschool children 

From a global perspective, a lack of physical activity (PA) has been identified as the fourth 

leading risk factor for mortality.[1] Worldwide in 2010, 23% of adults were insufficiently active. 

Also 80% of adolescents aged 11–17 years, did not reach the World Health Organization 

recommendation of PA.[2] These recommendations say that children should accumulate at least 

60 minutes of moderate-to-vigorous PA (MVPA) daily.[1] Strong evidence shows that physical 

inactivity increases the risk of many adverse health conditions, including major non-

communicable diseases such as coronary heart disease, type 2 diabetes, and breast and colon 

cancers, and shortens life expectancy.[3] In 2013, the health care costs for being physically 

inactive were estimated around 53.8 billion dollars worldwide.[4] 

 

Physical inactivity is not only an issue in adults and adolescents. Early childhood is a critical 

and rapid period of physical, cognitive, social, and emotional development. Three reviews 

extensively summarized how PA and health indicators were related in children younger than 6 

years old.[5-7] These evidences showed that higher levels of PA were favourably associated 

with bone and skeletal health, motor skill development, psychosocial health, cognitive 

development, and cardio-metabolic health.  

 

The positive association between sufficient PA and healthy weight are well known in adults [8] 

and also in school-aged children and adolescents [9], but less so in young children. For example, 

the associations between objective measurement of PA and Body Mass Index (BMI) remain 

inconclusive in preschoolers, i.e. a recently published meta‐analysis indicated that most studies 

for examining this association were cross‐sectional designs and longitudinal studies are 

needed.[10, 11] The prevalence of childhood obesity is increasing in all countries, with a rapid 

rise in low- and middle-income countries.[12] Children with overweight or obesity are at greater 

risk of obesity, diabetes type 2, heart disease, poor mental health, and some cancers later in 

life.[13] It is necessary to improve our understanding of the role of PA for obesity development 

during the preschool years, which is seen as a critical window for predicting childhood weight 

gain.[14] This issue is particularly important for policy makers, who need evidence-based 

recommendations to make informed decisions on and set out interventions that reduce the 

global burden of obesity. 
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The early childhood is a time during which habits of the child are formed and family lifestyle 

routines are open to changes and adaptations.[15] Previous reviews indicated that PA 

behaviours developed in early childhood track from childhood to adolescence and further into 

adulthood.[16-18] Thus, promotion of regular PA among young children is a public-health 

priority, and the early childhood should be targeted as a critical time to promote healthy lifestyle 

behaviours.[16]  

 

To quantify the level of PA, we need to realize that PA is a complex construct. The definition of 

physical activity states that it is any bodily movement produced by skeletal muscles that 

requires energy expenditure.[19] In real life however, it can be classified qualitatively into 

categories based on function (recreation, transport, occupation, household) [20] or 

quantitatively based on intensity of the effort (sedentary, light, moderate, and vigorous intensity) 

[21] and of course by its duration (number of minutes in a certain activity) and it frequency 

(how many times per day, or per week for example). Scientific evidence underlying the 

previously mentioned PA recommendations relied mainly on a large number of participants with 

self-reported PA. The current recommendations recommend regular PA mostly focused on 

MVPA [1] since few data are available for health benefits from light PA [22, 23], and 

recommendations for children under five also took into account total PA (TPA).[15]  

 

The health effects of light PA (LPA) are not well known today.[23] LPA is mostly defined as 

activities with energy expenditure at the level of 1.6 – 2.9 METs. One MET is the energy cost 

of resting quietly, often defined in terms of oxygen uptake as 3.5 mL·kg−1·min−1.[24] It consists 

of activities such as slow walking, sitting and writing, cooking food, and washing dishes.[25] 

LPA can be important, since most of the minutes of TPA, which is mostly defined as all the time 

spent non-sedentary or not sleeping, consists of LPA. It thus remains a question whether the 

health effects observed for TPA [6] could be explained by higher levels of MVPA, or LPA, or 

both.  

 

Compared to LPA, more studies have been performed to study sedentariness. Sedentary 

behaviours (SB) include activities that involve energy expenditure at the level of 1.0 – 1.5 METs, 

e.g., television viewing and sitting in a stroller.[25] Although scientists have reported that being 

sedentary is associated with significant health risks, less studies have objectively measured 

sedentary time (ST), e.g., via accelerometry. In most cases, study participants who are reported 
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to be sedentary or inactive are actually those who did not meet the study’s criteria for moderate 

or higher levels of activity.[25] Unlike PA, excessive SB may have unique health consequences 

during early childhood. Preschool years are marked by a critical period of cognitive 

development and for forming life-long SB habits.[16] A review summarized that screen time in 

the early years (0 to 4 years), in particular TV, was either not associated with or had detrimental 

associations with cognitive development.[26] An update review on studies in children 

synthesized findings from 235 studies in 71 countries. They indicated that different types of SB 

may have different impacts on health. Especially a higher duration of TV viewing and/or screen 

time was associated with unfavourable body composition in school-aged children and youth.[9] 

Thus, identifying the correlates of SB may help with specific interventions to promote active 

lifestyles.  

 

Environmental determinants and physical activity 

In times of increasing urbanization and environmental degradation, contemporary urban living 

is associated with a sedentary lifestyle for the entire city population.[27] In 1992, professor 

Daniel Stokols introduced a social ecological analysis of health promotive environments, 

emphasizing the transactions between individual or collective behaviour and the health 

resources and constraints that exist in specific environmental settings.[28] For identifying 

potential environmental and policy influences on PA, an ecological model was made by Sallis 

et al (Figure 1).[20]  

 

The ecological model posits that there are multiple levels of influence on PA patterns, including 

factors at intrapersonal level (e.g. demographics, family situation), social cultural level (e.g. 

social support, role modelling), physical environment (e.g. neighbourhood, home, school), 

nature environment (e.g. weather, air quality), and policy level (e.g. health care policy, school 

policy). According to the ecological theory, higher levels of PA are expected when individuals 

live in supportive environments with supportive policies, when social support for engagement 

in PA is strong and when individuals are motivated and educated to be physically active.



14

Chapter 1

 
 

 

 
Fi

gu
re

 1
. A

n 
ec

ol
og

ic
al

 a
pp

ro
ac

h 
to

 c
re

at
in

g 
ac

tiv
e 

liv
in

g 
co

m
m

un
iti

es
. 



15

General introduction

1

 

From the ecological perspective, factors on social and physical environment are especially 

important when aiming for PA promotion in young children. That’s because environmental 

characters could be changed into favourable situations based on government policy, and a 

supportive environment is effective on promote PA.[29] Currently, researchers focus on 

neighbourhood physical environment in relation to children’s PA, including residential density, 

land use mix diversity, street connectivity, walkability, accessibility, aesthetics, walking and 

cycling facilities, recreation facilities, urbanization and safety.[30] To date, most studies were 

conducted in a single country which represented a unique socio-cultural and physical 

environment. Some environmental characteristics may show inconsistency in their influence on 

PA between different nations, since these attributes are likely to modify the associations 

between various neighbourhood environments and PA.[31] For example, concerns about traffic 

safety may impact walking and bicycling, and then affect the level of TPA.[32] Because young 

children’s outdoor time is largely regulated by parents, thus, parent perceptions of 

neighbourhood safety are likely to have the most direct influence on the nature and extent of 

children’s outdoor play or commuting mode.[33] Within Europe, the Netherlands may be a 

particularly interesting country to explore the associations between traffic safety and PA, with 

its high prevalence rates of walking and cycling.[34] It offers the opportunity to explore the 

association of safety with both walking and the much less studied PA component cycling. 

Meanwhile, China is also a nation to test such a correlation, since the economic development 

may be related to unhealthy active lifestyles, e.g., inactive travelling mode such as travelling 

by cars, and many new drivers and common traffic accidents which may cause more concern 

of safety in urban cities.[35] 

 

Besides, understanding the socio-cultural differences of PA in children can help tailor 

intervention programs in different settings.[36] For example, a positive attitude of parents on 

PA might encourage children to be active in their daily habits. In the Netherlands, children are 

mainly taken care of by their parents and/or may be looked after in day-care already at an early 

age (after three months of age). In China, the culture of childcare is different compared to the 

Dutch society. Children usually stay at home until three years of age, and grandparents engage 

heavily in taking care of their grandchildren. It is a traditional, common and acceptable idea 

that grandparents are involved in childcare when both parents have full time jobs, especially in 

early childhood. Due to the one-child policy enacted in the late 1970s, most families in China 

have one child only.[37] Therefore, grandparents may be overprotective of the only grandchild 



16

Chapter 1

  

 

they have. They may discourage vigorous activities and encourage sedentary indoor activities 

when the outdoor environment and vigorous activities are perceived as unsafe.[38] The role of 

caregivers should be examined in preschool children’s PA research, especially for Chinese 

grandparents, since there is evidence that grandparents’ actions may have an impact on their 

grandchildren’s PA.[39] 

 

Physical activity patterns in preschool children 

The effectiveness of future policy initiatives to promote PA and lower SB in young children 

will depend on a proper understanding of the PA patterns related to low PA in this age group.[40] 

Preschoolers’ PA is characterized by frequent, short bursts of activity, and a high inter-individual 

variability in PA levels.[41, 42] Though an increasing number of studies have reported TPA 

levels in preschool year with a variety of different methods, it remains difficult to answer the 

question of how inactive the children really are, and when preschool children would become 

inactive.[43] Accordingly, to describe the distribution of intensity and duration of activities over 

the day, the PA patterns, it is relevant to discover at which moment of the day the most progress 

can be achieved with PA interventions. Some children are extremely active, but others only 

achieve low levels of PA in the same environment.[43] We hypothesize that some children are 

more active than others by nature, and therefore identifying children who are less active could 

help us to design interventions to make these children more active too.  

 

The assessment of PA in preschool children by questionnaires is particularly difficult, because 

of their less structured activity patterns. To solve this, objective measurement of TPA via 

activity trackers is becoming more common in young children. It can provide a valid measure 

of total activity as well as elucidate the pattern and intensity of activity throughout the day.[44] 

To date, little is known about PA patterns using time-stamped data in preschool children [45], 

especially objectively monitored PA and sedentary time using activity trackers.[46] In addition 

to looking at total levels of PA at different intensities, identifying patterns of PA in relation to 

specific environmental settings is essential to understand what intervention could work as, and 

to understand the potential environmental influences on individual behaviour. For preschool 

children, household, preschool, neighbourhood and community environment are mainly 

settings for their daily PA behaviours.[43] Although activity trackers have the benefit of being 

objective, and quantitative, activity trackers cannot provide information on settings of physical 

activities, or describe the nature of the activity. Therefore, a combination of activity trackers 
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and parents’ report in questionnaires will be useful for interpretation of the findings. 

 

Aim of the thesis 

Overall, understanding the determinants on PA during early life is important for designing of 

more effective interventions to stimulate PA later in life, or to counteract the growing trend 

towards inactivity. The main aim of this thesis is to determine which environmental correlates 

are related to PA patterns in preschool children. To gain more insight in the determinants of PA 

in young children, we described the daily patterns of ST, LPA, and MVPA in both Chinese and 

Dutch preschoolers. To explore the potential health relevance, we examined the correlation 

between PA patterns and overweight / obesity in children in their early years. 

 

The studies used in this thesis 

The environmental health perspective of children is one of the great global health concerns. 

Environmental risks or disease burden vary from region to region. For a better understanding 

of the environmental correlates of PA of children in different nations, the GECKO (Groningen 

Expert Centre for Kids with Obesity) Drenthe birth cohort and PATH-CC (Physical Activity 

and Health in Tianjin Chinese Children) study were used in this thesis.  

 

The GECKO Drenthe birth cohort 

Birth cohort studies are ideal for investigating various environmental risks on later health, with 

the repeated measures of growth and development in early life, childhood, adolescence, and 

possibly adulthood (www.birthcohorts.net). The GECKO Drenthe study is a population-based 

birth cohort which focuses on early risk factors of overweight and obesity.[47] All mothers from 

children to be born from April 2006 to April 2007 and living in Drenthe, a northern province of 

The Netherlands, were invited to participate during the third trimester of their pregnancy. At 

baseline, parents of 3875 children intended to participate in the study, of whom 2874 ever 

actively participated. Monitoring of the children and their family started in the last trimester of 

pregnancy and is still ongoing. Data were used in this thesis from when the children were 4 to 

7 years old. We used PA data measured by ActiGraph accelerometry, and environmental 

correlates from a questionnaire (household characteristics, parental and children’s PA 

behaviours, and neighbourhood environment, e.g., traffic safety, road network and presence of 
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PA facilities). 

 

The PATH-CC study  

The PATH-CC study in Tianjin, China is focusing on identifying the relationship between PA, 

overweight and environmental determinants in childhood. Healthy children aged 3 to 6 years 

growing up in Tianjin were recruited in preschools by advertising posters in 2015. There were 

1031 preschool children and their parents who joined in the study.[48] In parallel with the 

GECKO Drenthe cohort, PA data of Chinese children was measured by ActiGraph 

accelerometry, and leisure-time SB and PA activities were reported by their parents in 

questionnaires. Based on the GECKO questionnaires, we developed an adapted questionnaire 

for environmental correlates in China, including household characteristics, parental and 

children’s PA behaviours, and aspects of neighbourhood environment like traffic safety and 

presence of PA facilities. A study protocol was shown in this thesis as an Appendix. 

 

Outline of the thesis  

The outline of this thesis is shown in figure 2.  

 

 

 

  

 

  

 

 

  

 

 

Figure 2. Overview of the thesis. 
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In Chapter 2, a systematic review was performed to review existing literature on factors of PA 

among Chinese children and adolescents.  

 

In Chapter 3, the relationship between environmental correlates, preschool children’s PA and 

ST was assessed in the urban area of Tianjin, China.  

 

In Chapter 4, the relationship between environmental correlates and the Dutch children’s PA 

and ST was assessed. 

 

In Chapter 5, objectively measured ST and PA patterns of urban Chinese preschoolers during 

the day was described, and these patterns between children with and without overweight were 

compared. 

 

In Chapter 6, objectively measured day-segmented PA patterns of the Dutch children were 

examined, and also these patterns between children with and without overweight were 

compared. 

 

In Chapter 7, the correlates of PA in preschool children are extensively discussed, with special 

attention for culture differences between China and the Netherlands. Methodological issues and 

implications for future PA promotion were discussed. 

 

Finally, Chapter 8 provides a summary of the main findings of each chapter, separately, and 

also an overview of correlates of PA and ST in preschoolers found in this thesis.  
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ABSTRACT 

Background 

Lack of physical activity is a growing problem in China, due to the fast economic development 

and changing living environment over the past two decades. The aim of this review is to 

summarize the factors related to physical activity in Chinese children and adolescents during 

this distinct period of development. 

 

Methods 

A systematic search was finished on Jan 10th, 2017, and identified 2200 hits through PubMed 

and Web of Science. English-language published studies were included if they reported 

statistical associations between factors and physical activity. Adapted criteria from the 

Strengthening The Reporting of OBservational studies in Epidemiology (STROBE) statement 

and evaluation of the quality of prognosis studies in systematic reviews (QUIPS) were used to 

assess the risk of bias of the included studies. Related factors that were reported in at least three 

studies were summarized separately for children and adolescents using a semi-quantitative 

method. 

 

Results 

Forty two papers (published 2002–2016) were included. Most designs were cross-sectional 

(79%), and most studies used questionnaires to assess physical activity. Sample size was above 

1000 in 18 papers (43%). Thirty seven studies (88%) showed acceptable quality by 

methodological quality assessment. Most studies reported a low level of physical activity. Boys 

were consistently more active than girls, the parental physical activity was positively associated 

with children and adolescents’ physical activity, children in suburban/rural regions showed less 

activity than in urban regions, and, specifically in adolescents, self-efficacy was positively 

associated with physical activity. Family socioeconomic status and parental education were not 

associated with physical activity in children and adolescents.  

 

 

 



Chapter 2

28

  

Conclusions 

The studies included in this review were large but mostly of low quality in terms of study design 

(cross-sectional) and methods (questionnaires). Parental physical activity and self-efficacy are 

promising targets for future physical activity promotion programmes. The low level of physical 

activity raises concern, especially in suburban/rural regions. Future research is required to 

enhance our understanding of other influences, such as the physical environment, especially in 

early childhood. 

 

Keywords: Physical activity; factors; children; adolescents; Chinese; review 
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BACKGROUND  

Globally, many children and adolescents are relatively inactive, mostly too inactive to meet the 

physical activity recommendations [1,2]. The trend of physical inactivity is increasing rapidly 

in most societies around the world. This fact is not only in high-income countries but also 

increasingly in low- and middle-income countries [3,4], as a consequence of the fast economic 

development and changing living environment over the past two decades [5-7]. For example, a 

rapid increase of vehicle ownership in the population is likely to reduce the need for “active 

transport” [8], and Chinese city children especially depend on their parents for daily 

transportation. As elsewhere in the world, physical inactivity is acknowledged as a key factor 

of human health in Chinese society [9,10].  

 

The health benefits of physical activity for children and adolescents are well established [11,12]. 

Participation in physical activity during childhood plays an integral role in adult health 

outcomes, such as increased bone mineral density, and, indirectly, by preventing overweight 

[13]. Therefore, the World Health Organization recommends that children and adolescents aged 

5–17 years should accrue at least 60 minutes of moderate to vigorous intensity physical activity 

daily [14]. Data of the Chinese “2010 National Physical Fitness and Health Surveillance” 

showed that 77.3% (128,890 out of 166,757 participants) of students in schools failed to meet 

the recommendation [15]. This level of physical activity may be too low to maintain good health. 

Since physical activity patterns track from childhood to adolescence and adulthood [16,17], 

understanding those factors that influence physical activity during early life can aid in the 

design of more effective interventions to stimulate physical activity later in life, or to counteract 

the growing trend towards inactivity. Several comprehensive reviews of correlates of children’s 

and adolescents’ physical activity have been published [18-20], however, none have focused on 

developing countries. This review will systematically review the factors related to physical 

activity in Chinese children and adolescents. 
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METHODS 

This review was conducted and is reported according to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines [21].  

 

Search procedure  

A systematic search for studies investigating factors influencing physical activity in children 

and adolescents in China was conducted using two English-language electronic databases (Web 

of science and PubMed). Search terms were made up of a combination of keywords: “China” 

OR “Chinese” AND “child*” OR “adolescen*” OR “student*” OR “youth*” AND “physical 

activity” OR “activity level” OR “exercise” OR “physically active” OR “motor behavio*”. The 

study search was carried out before Jan 10th, 2017. Subsequent studies were identified by 

screening the reference lists of papers that fulfilled the inclusion criteria.  

 

Inclusion and exclusion criteria 

The inclusion criteria were as follows: (1) the study was published in English; (2) the study 

population consisted of Chinese children or adolescents living in China (age 3–18 years, or with 

a mean age in this range); and (3) the study reported a measurement of physical activity as the 

dependent outcome and examined the statistical associations with certain factors. The exclusion 

criteria were as follows: (1) the study population was characterized by disabilities or an illness 

that could lower their ability in terms of bodily movement; (2) intervention studies and studies 

that measured physical activity as the independent variable were not included, unless they 

reported associations between related factors and physical activity as the dependent outcome; 

(3) studies on physical inactivity and physical activity measured in a specific setting for a 

limited period of the day (such as during a physical education class) were excluded; (4) studies 

which were only published as abstract, a comment, or review were excluded, due to a lack of 

data for extraction, but the reference lists were checked for relevant studies. 

 

Search results 

In total 2200 hits were identified after excluding duplicates. Ninety-two papers remained, after 

reading titles and abstracts for inclusion and exclusion criteria. After a review of all the papers, 

42studies were included in this review. The literature review strategy is shown in Figure 1. 
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Figure 1. Flow chart of the literature search strategy.

Studies identified through database searching after excluding 
duplicates (n=2200) 

 

Studies excluded based 
on title and abstract 

(n=2108) 
 

Full paper reviewed 
(n=92) 

 

58 studies excluded after full 
text judgment. Reason for 
exclusion:  
✓ Not in the age range of 

3–18 years (n=6) 
✓ No relation between 

related factors and 
physical activity (n=30) 

✓ Type of publication 
(abstract, comment, 
reviews) (n=22) 

Papers identified 
 (n=34) 

Papers found after screening 
reference lists (n=8) 

 

Studies included for this review 
(n=42) 
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Characteristics of the physical activity measurement 

The outcomes were reported as total physical activity or leisure-time physical activity. If one 

study reported different intensities of physical activity, only moderate and vigorous physical 

activity were chosen for the summary. If both univariate and multivariate analyses were 

published, the adjusted multivariate results of potential correlates were selected for this review. 

Reported results separated by boys or girls, or different correlates for fathers or mothers, were 

also noted. 

 

Method for summarizing results 

For this review, we summarized potential associations that were examined in at least three 

studies. For every result in each paper, it is indicated whether the identified association is 

positive or negative. The direction of the association is expressed by a positive “+” or negative 

“−” association. For the summary of each variable, the hypothesized directions of associations 

were based on the rules drawn up by Sallis and colleagues [18]: the result was defined as no 

association (coded with a “0”), if 0–33% of findings supported the association, and as an 

inconclusive finding (coded with a “?”), if 34%–59%. If more than 59% of findings supported 

the association, the result was defined as a positive association (coded with a “+”) or a negative 

association (coded with a “−”). We presented the correlates for children and adolescents 

separately, because, due to differences in age, results might show differences as demonstrated 

in previous studies [18,22]. 

 

Methodological quality assessment  

Criteria for assessing the quality of studies were adapted from the Strengthening The Reporting 

of Observational studies in Epidemiology (STROBE) statement [23] and evaluation of the 

quality of prognosis studies in systematic reviews (QUIPS) [24]. Five items were considered 

the most important in the context of this review and were included in the checklist, including 

study design (met the criterion if a longitudinal design was used), study participation (met the 

criterion if study sample represent the population of interest in terms of key characteristics), 

outcome measurements (met the criterion if report a clear description of physical activity, and 

the instruments have an acceptable quality), related factors measurements (use validated 

methods and describe details of assessment), and data analysis (met the criterion if statistical 

tests used to assess the main outcomes appropriate, including confounding). A score was 

assigned to each study based on whether quality assessment items met the criterion (score = 1) 
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or not (score = 0). Most studies used questionnaires to describe the activity level. It is known, 

however, that the validity of these questionnaires is limited. Therefore, in most studies we rated 

the validity as limited. The scores were summed and described as low quality (0–2) or 

acceptable quality (3–5).  

 

Two reviewers independently screened titles and abstracts of all hits identified by the search, 

and the full text of all potentially eligible papers was screened for final selection by the same 

reviewers (CL & RW). Data extraction and the methodological quality were assessed 

independently by two reviewers (CL & RW); disagreement was discussed in a consensus 

meeting or by consulting a third reviewer (EC). The criteria for quality assessment are given in 

Additional file 1. 
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RESULTS 

Study characteristics 

A summary of the characteristics of the 42 papers is given in Table 1. The publication period 

ranged from 2002 to 2010 [25-41], with 25 papers (60%) published after 2010 [42-66]. Only 9 

studies were longitudinal designs. The sample sizes ranged from 50 to 29,139 participants, and 

18 papers (43%) had a sample size above one thousand. Seventeen papers included young 

children (aged 3–12 years or mean age in the period), 20 included only adolescents (13–18 

years or mean age in the period), and 5 studies included both age groups. Objective assessment 

of physical activity was used in nine studies, such as an accelerometer [25,48,56,58-61], a 

pedometer [53], and heart rate monitoring [35]. The other studies used questionnaires to 

measure physical activity. From all the studies, 69% reported on the quality of the tools 

(reliability or validity) or referred to the original publication. The characteristics of the 

individual papers are summarized in Additional file 2. 

 

Results of the methodological quality assessment  

Overall, only two studies met all five quality criteria. Eighteen studies (43%) failed to meet the 

criteria for participation, since the response rate was less than 80% or not clearly described. Ten 

studies (24%) lacked information on handling confounders, and thus failed to meet the criteria 

for data analysis. In sum, 37 studies (88%) showed acceptable quality, and 5 studies (12%) low 

quality. Low quality studies are marked in Table 2. Results of the methodological quality 

assessment are summarized in Additional file 3. 

 

Level of physical activity 

The levels of physical activity described in the studies are summarized in Additional file 2. The 

outcomes of physical activity were varied due to different measurements. Fifteen studies 

provided data for children or adolescents meeting physical activity recommendations. Most 

studies (N = 13) used the same international guidelines, that is, participating in physical activity 

for at least 60 minutes of MVPA per day [14,67,68], and found a low level of physical activity, 

especially in large sample studies [40,49]. Two studies of children and seven of adolescents 

reported less than 50% of participants failed to meet the recommendations. The prevalence rates 

of compliance to recommendations of physical activity in children range from 3.6% to 89.4%, 

and in adolescents range from 4.7% to 63.4%. Results of the 15 studies are presented in Figure 

2. 
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Table 1. Summary of characteristics of the included papers (N = 42). 

Characteristics of the papers N (%) Paper No.  
Year of publication    

2002–2005 5 (12) [25-29] 
2006–2010 12 (29) [30-41] 
2011–2016 25 (60) [42-66] 

Study design    
Longitudinal   9 (21) [29,38,42,46,51,56-59] 
Cross-sectional  33 (79) [25-28,30-37,39-41,43-45,47-50,52-55,60-

66] 
Sample size    

50≤ n <100  4 (10) [25,35,53,59] 
100≤ n <500 11 (26) [26,28,33,39,42,44,47,50,56,60,62] 
500≤ n <1000  9 (21) [29,30,36,38,46,54,58,61,66] 
1000≤ n <10000 16 (38) [27,31,32,34,37,41,43,45,48,51,52,55,57, 

63-65] 
n >10000 2 (5) [40,49] 

Age group   
Children (3–12 yrs.) 17 (40) [25,28,33,36,37,39,42,44,47,50,53,56,58-60, 

64,66] 
Adolescent (13–18 yrs.) 20 (48) [26,29-32,35,38,40,41,45,46,49,51,52,54,55, 

61-63,65] 
Both (3–18 yrs.)  5 (12) [27,34,43,48,57] 

Method of PA measurement*   
Objective measurement of PA 9 (21)  

Reported reliability or validity 1 (2) [25] 
Mention of original reference  3 (7) [53,60,61] 
None reported 5 (12) [35,48,56,58,59] 

PA measured by questionnaires  35 (83)  
Reported reliability and 

validity 
5 (12) [28,33,35,40,56] 

Reported reliability or validity 8 (19) [26,29,36,39,44,45,60,63] 
Mention of original reference  14 (33) [27,31,32,34,37,41,42,46,47,50,52,54,62,65] 
None reported  8 (19) [30,38,43,49,55,57,64,66] 

*Totals may add up to more than 100%, since two studies included both objective and 
questionnaire measurement of PA [35,60].
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Figure 2. Prevalence (%) of compliance with recommendations of physical activity in 15 studies. 

 

a Recommendation to participate in physical activity for at least 60 minutes of MVPA per day;  

b Recommendation of three or more sessions per week of activities that last 20 min. or more, 

and that require moderate to vigorous levels of exertion (Sallis, 1994 [92]); 

c Recommendation to participate in physical activity 3 or more times a week for at least 30 

minutes, which entails deep breathing and increased heartbeat (Taiwanese recommendations 

for physical activity). 

d Chinese-specific cut-off points for accelerometry used in study (Wang et al., 2013 [48]). 

e Freedson’s cut-off points for accelerometry used in study (Wang et al., 2013 [48]). 

0 20 40 60 80 100

aWang et al., 2016
aLi et al., 2007
aGuo et al., 2012
aDuan et al., 2015

a,eWang et al., 2013
aZhang et al., 2013
cChen et al., 2007
bCheng et al., 2003
aWong et al., 2010
aWang et al., 2015

a,dWang et al., 2013
aWang & Qi., 2016

Adolescents
    

aLi et al., 2014
a,eWang et al., 2013

aLiou and Chiang, 2004
aGuo et al., 2012
aHuang et al., 2013
aDearth et al., 2012

a,dWang et al., 2013
Children

Percentages meeting physical activity recommendations
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Factors influencing physical activity 

Potential correlates for physical activity and factors influencing the activity level are 

summarized in Table 2. As described before, a correlation was defined as positive if 59–100% 

of studies found a positive (“+”) association and as negative if 59–100% of studies found a 

negative (“−”) association. Eleven variables were investigated in at least three studies: gender, 

urbanization, maternal physical activity, paternal physical activity, weight status, 

socioeconomic status, parental education, self-efficacy, age, previous physical activity and 

intention. Gender (N = 20 papers), both in children and adolescents, was consistently found to 

have a positive association with physical activity: thus, boys were more active than girls. For 

maternal physical activity (N = 5 papers), it was shown that both children and adolescents were 

more active if their mother were more active. Paternal physical activity was also found (N = 3 

papers) to have a positive association with physical activity in adolescents. Urbanization (N = 

8 papers) yielded different results for young children and adolescents. For young children, those 

living in urban regions showed more physical activity than suburban/rural children. The 

correlates for urbanization in adolescents were inconclusive. The weight status (N = 9 papers) 

showed no association with children’s physical activity, and showed inconsistent results with 

adolescents’ physical activity. In both young children and adolescents, family socioeconomic 

status (N = 9 papers) and parental education (N = 7 papers) were found to have no association 

with their physical activity level. Age as a factor of physical activity showed inconsistent results, 

this may be attributed to the limited range in age of most studies, thus it was difficult to arrive 

at any conclusion. In adolescents, self-efficacy was also investigated (N = 4 papers) and showed 

a consistently positive association with physical activity. In addition, we found some factors 

that are not presented in the Table 2 due to insufficient papers for summarized results. For more 

information see Additional file 2. 
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DISCUSSION 

For this review, we identified 42 papers published in English summarizing potential factors 

influencing physical activity in Chinese children and adolescents, and further identified eleven 

factors that were investigated in at least three studies. The results showed boys were 

consistently more active than girls. The parental physical activity was positively associated with 

children and adolescents’ physical activity. Children in suburban/rural regions showed less 

activity than in urban regions, and, specifically in adolescents, self-efficacy was positively 

associated with physical activity.  

 

For the difference in physical activity between rural and urban regions, our finding is different 

from studies in western countries. A review showed no difference in children’s physical activity 

between rural and urban areas in the United States [69]; another study in Brazil showed children 

from rural areas were more active than those from urban areas. The direction and significance 

of rural-urban difference in physical activity might vary by the type of population, how long 

ago the study was done, and also by the method of physical activity measurement [70]. One 

study found children who lived in rural areas of China also showed an obviously increasing 

trend towards overweight or obesity prevalence in recent years [71], as physical activity is an 

acknowledged component of energy-balance-related behaviors. One explanation is that this 

might be due to the rapid industrialization and environmental contamination in the Chinese 

countryside, limited number of children’s playgrounds, and lack of physical activity facilities 

compared to urban schools. Another reason explaining this is that children, in rural areas 

especially, watch TV frequently, and longer TV-watching time may limit the chances for 

physical activity [72]. One study found that the daily viewing time of children in China’s rural 

areas significantly increased from 0.7 hour to 1.7 hours between 1997 and 2006 [73].  

 

Families who live in urban areas usually have higher levels of education and socioeconomic 

status compared to suburban/rural areas, but there is only a small difference in family media 

equipment (television, mobile phones) between urban and rural areas, except for some western 

regions of China [74]. That might explain the reason that we found no association between 

parental education or family socioeconomic status and physical activity in this review. It should 

be noted however that the studies on urbanization, household income, and parental education 

were often of low quality. Future research is needed to find out whether this difference between 

rural/sub-rural and urban areas is related to environmental factors outside the household, such 
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as the neighborhood characteristics or school environment. 

 

The levels of physical activity included in this review were reported in various ways, but the 

low level of physical activity was clearly shown in most studies in Figure 2, especially in 

Chinese adolescents. The result of age was inconclusive in Table 2, since most studies included 

a limited range of ages, and so it was difficult to arrive at any conclusion. A decrease in physical 

activity related to age during adolescence has been reported before in North American children 

[75,76]. A recent systematic review of European children and adolescents also supported the 

same point [77]. Chinese adolescents (13–18 years) are in middle/high school, and under 

pressure from high school or college entrance examinations. Compared to children, adolescents 

spend more time in school and doing homework. Information on policy-influencing physical 

activity is scarce for Chinese children and adolescents, and further confirmation is needed, since 

a decrease in physical activity with increasing age and thus a change in energy balance may 

contribute substantially to the obesity epidemic. An effective public health policy to promote 

physical activity during school age may be of benefit to Chinese society [71,78]. 

 

The finding that male sex was a consistently positive correlate in Chinese children and 

adolescents is in agreement with previous reviews [78,79]. Apparently, boys report more 

physical activity than girls vis-à-vis different cultures and populations. The correlation between 

parental physical activity and children or adolescents physical activity was consistently positive 

in the Chinese studies. This was confirmed in some studies from different countries [80,81], 

although not always consistently in the reviews [82,83]. Chinese mothers have a long and deep 

influence on children’s lifestyles in traditional Chinese culture, much like mothers in other 

societies. This finding also suggests that to increase physical activity in children, parents need 

to be active themselves. Family-based interventions to increase physical activity level may be 

most effective if parents and children are encouraged to engage in physical activities together. 

 

Self-efficacy for adolescent physical activity was defined as a young person’s belief in his/her 

ability to participate in physical activity and to perform physical activity despite existing 

barriers [84]. It has been identified as a determinant or mediator of physical activity in 

adolescents in previous reviews, mostly in developed countries [85,86]. We identified that self-

efficacy was consistently positively associated with adolescent physical activity from four 

papers of relatively high quality, of which two studies had a longitudinal design with self-
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efficacy measured by different scales, validated or adapted from previously validated 

measurements [87,88]. This suggests that programs to promote physical activity in adolescents, 

which strengthen physical activity self-efficacy, have a high potential for being effective. 

 

The adapted ecological model by the Lancet Physical Activity Series Working Group provides 

a comprehensive overview of the possible correlates of daily physical activity [89]. Based on 

the findings of Bauman and colleagues, combined with the findings from this review, we can 

conclude that, in particular, the psychological, cognitive, social, and environmental factors were 

difficult to summarize due to limited research. An understanding of the physical environmental 

correlates of transport and leisure-time activity in a developing country such as China is 

urgently needed to support the development of interventions to reverse the rapid trend towards 

inactivity. The inactivity trend may be driven by urbanization, passive entertainment, and 

motorized transport. For young people, this is especially important, because children and 

adolescents have less autonomy in their behaviors and are more likely than adults to be 

influenced by the environment, directly (through parents or peers) or indirectly [90,91]. For 

example, active rather than passive videogames may stimulate physical activity in children [59], 

and increasing awareness of neighborhood sport facilities or building more such facilities may 

help active adolescents maintain or increase their leisure time PA [40,51]. 

 

According to the results of our methodological quality assessment, lack of a longitudinal study 

design and using indirect measurements for outcome or determinants assessment have limited 

the quality of the research included in this review. To provide a full description of factors 

examined, we kept low quality papers in table 2. Sensitivity analysis showed that the present 

results would not be changed wether low quality studies were excluded or not. High quality 

longitudinal studies using accelerometry or other objective devices to measure daily physical 

activity are needed to better understand the low level of activity, and how this relates to 

urbanization, fast economic development, and the rapidly changing living environment.  

 

One limitation in this review is the limited number of studies of good quality. Another limitation 

is that only English-language published studies were included in our review. Papers published 

in Chinese might have given more information on this topic. A search till Dec, 10th, 2014 in 

Weipu, Wanfang and the CNKI Chinese Database resulted in 22 papers. However, the quality 

of these papers was low. Mostly papers published in Chinese were cross-sectional studies and 
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used an invalid or poorly validated physical activity measurement tool. Moreover, for non-

Chinese speakers, data of papers published in Chinese are not accessible for verification or 

reference. Furthermore, the majority of these studies were also published in internationally 

peer-reviewed journals in English. The inclusion criteria to publish in internationally peer 

reviewed journals in English guarantees a minimum in report quality as well as general 

accessibility to the results. 

 

CONCLUSION  

The present review shows that Chinese children and adolescents have a low level of physical 

activity. Gender, urbanization, parental physical activity, and self-efficacy are important factors 

influencing physical activity. These factors could be taken into consideration in order to design 

effective interventions to counteract or halt the trend towards inactivity in young people. The 

results also suggest that the factors influencing the physical activity of Chinese children and 

adolescents are not yet fully understood, due to limited research quality and inconclusive 

findings. Future research is required to enhance our understanding of other influences, such as 

the physical environment, especially in early childhood. 
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Appendix 2.3 

Additional file 3. Methodological quality assessment per quality item and per study. 

No. Authors. year 
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[25] Rowlands et al. 2002 0 0 1 1 1 3 

[26] Cheng et al. 2003 0 1 1 1 0 3 

[27] Tudor-Locke et al. 2003 0 0 1 1 1 3 

[28] Liou and Chiang. 2004 0 1 1 1 1 4 

[29] Wu and Pender. 2005 1 0 1 1 1 4 

[30] Shi et al. 2006 0 1 0 1 0 2 

[31] Chen et al. 2007 0 1 1 1 1 4 

[32] Li et al. 2007 0 1 1 1 0 3 

[33] Chen et al. 2008 0 0 1 1 1 3 

[34] Li et al. 2009 0 1 1 1 0 3 

[35] Wang et al. 2009 0 0 1 1 0 2 

[36] Huang et al. 2010 0 0 1 1 1 3 

[37] Lam et al. 2010 0 0 1 1 0 2 

[38] Luszczynska et al. 2010 1 0 0 1 1 3 

[39] Pang and Ha. 2010 0 1 1 1 1 4 

[40] Wong et al. 2010 0 1 1 1 1 4 

[41] Xu et al. 2010 0 1 1 1 1 4 

[42] Dearth-Wesley et al. 2012 1 0 1 1 1 4 

[43] Guo et al. 2012 0 1 0 0 1 2 

[44] Cheung. 2012 0 1 1 1 0 3 

[45] Wen and Hui. 2012 0 1 1 1 1 4 

[46] Cao et al. 2013 1 0 1 1 1 4 

[47] Huang et al. 2013 0 0 1 1 1 3 

[48] Wang et al. 2013 0 0 1 1 1 3 

[49] Zhang et al. 2013 0 1 0 1 1 3 

[50] Li et al. 2014 0 1 1 1 1 4 
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No. Authors. year 
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[51] Wong et al. 2014 1 0 1 1 1 4 

[52] Duan et al. 2015 0 1 1 1 0 3 

[53] Gao et al. 2015 0 1 1 1 0 3 

[54] Ho et al. 2015 0 1 1 1 1 4 

[55] Wang et al. 2015 0 1 0 1 1 3 

[56] Wong et al. 2015 1 0 1 1 1 4 

[57] Dong et al. 2016 1 1 1 1 1 5 

[58] Huang et al. 2016 1 0 1 1 1 4 

[59] Lau et al. 2016 1 1 1 1 1 5 

[60] Wang JJ et al. 2016 0 0 1 1 1 3 

[61] Wang andQi. 2016 0 0 1 1 1 3 

[62] Wang and Zhang. 2016 0 0 1 1 1 3 

[63] Wang Xet al. 2016 0 1 1 1 1 4 

[64] Xuet al. 2016 0 1 0 1 0 2 

[65] Yeung et al. 2016 0 1 1 1 1 4 

[66] Zheng et al. 2016 0 1 0 1 1 3 

*A score was assigned to each study based on whether quality assessment items were met the 

criterion (score = 1) or not (score = 0). The scores were summed and described as low quality 

(0–2) or acceptable quality (3–5). 
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ABSTRACT 

Objective 

This cross-sectional study examined environmental correlates of sedentary behavior (SB) and 

physical activity (PA) in preschool children in the urban area of Tianjin, China. 

Methods 

Data were collected from the Physical Activity and Health in Tianjin Chinese Children study, 

involving healthy children 3–6 years old and their families. In all children (N = 980), leisure-

time SB (LTSB) and leisure-time PA (LTPA) were reported in min/day by parents. In a subgroup 

(n = 134), overall sedentary time, light PA, and moderate-to-vigorous PA (MVPA) were 

objectively measured using ActiGraph accelerometry (≥3 days, ≥10 h/day). Environmental 

correlates were collected using a questionnaire that included home and neighborhood 

characteristics (e.g. traffic safety, presence of physical activity facilities) and children’s 

behaviors. Potential correlates were identified using linear regression analysis. 

Results 

Multiple linear regression analysis showed that “having grandparents as primary caregivers” 

(βs and 95% Confidence Interval (CI) for overall sedentary time: 29.7 (2.1 to 57.2); LTSB (ln): 

0.19 (0.11 to 0.28)) and “having a television (for LTSB (ln): 0.13 (0.00 to 0.25)) or computer 

(for LTSB (ln): 0.13 (0.03 to 0.23)) in the child’s bedroom” were both associated with higher 

SB. Furthermore, “having grandparents as primary caregivers” was associated with less MVPA 

(β (95%CI): −7.6 (−14.1 to −1.2)), and “active commuting to school by walking” correlated 

with more MVPA (β (95%CI): 9.8 (2.2 to 17.4)). The path model showed that “more 

neighborhood PA facilities close to home” was indirectly related to higher LTPA (ln), which 

was partly mediated by “outdoor play” (path coefficients (95%CI): 0.005 (0.002 to 0.008)) and 

“going to these facilities more often” (path coefficients (95%CI): 0.013 (0.008 to 0.018)). 

Traffic safety was not a correlate. 
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Conclusion 

Family structure and media exposure in the home maybe important factors in shaping 

preschoolers’ PA patterns. Built environmental correlates could indirectly influence 

preschoolers’ LTPA through parental help with engaging in active behaviors. 

 

Keywords: Active commuting; built environment; family structure; media exposure; traffic 

safety
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INTRODUCTION 

As the 4th leading cause of death worldwide, physical inactivity is responsible for a substantial 

economic burden and is becoming a growing problem across the world.1,2 After 4 decades of 

open reforms since 1979, China has undergone a tremendous transformation in terms of 

economic development and environmental changes. In this increasingly urbanized country, the 

daily lives of Chinese citizens have been accompanied by higher community urbanicity, which 

includes higher vehicle, TV, and computer ownership. All of these have contributed to the rapid 

decline in physical activity (PA) in China.3 The World Health Organization (WHO) has 

recommended that children and young people 5–17 years old should accumulate at least 60 min 

of moderate-to-vigorous physical activity (MVPA) daily.4 However, the proportion of Chinese 

children and adolescents who engage in recommended levels of PA has been declining for 

decades.5,6 Data from the 2017 national survey of 131,859 school students in China showed that 

only 34.1% of children and adolescents met the PA guidelines of 1 h of MVPA daily.7 Moreover, 

sedentary behaviors (SB) of school students increased moderately between 2004 and 2011.8 

 

It is widely accepted that sufficient PA and less sedentary time (ST) have a positive effect on 

improving both fitness and energy balance in adults,9 as well as in school-aged children and 

adolescents.10,11 Over the past 4 decades, the rapid increase in overweight and obesity among 

school-aged children and adolescents, particularly in urban cities in the mainland of China, is 

becoming a public health challenge.12 For example, a national survey in China in 1985 showed 

that about 2% of school students were overweight or obese,13 whereas data from the 2017 

national survey showed that 15.1% of 131,859 school students were overweight, and 10.7% 

were obese.7 This upward trend is also seen in Chinese preschoolers (3–6 years old).14 

 

The preschool years are a critical period of growth and development. It is believed that 

sufficient PA during the early years of life improves bone and cardiovascular health, assists with 

the development of mental health, and has a positive influence on cognitive function.15 PA 

promotion in preschool years is considered a key component in early interventions for 

childhood overweight and obesity.16 In April 2019, the WHO published recommendations for 

children under 5 years of age. It was recommended that preschool children (3–4 years old) take 

part in at least 180 min of activity (with at least 60 min of MVPA) each day, with ST of no more 

than 1 h per day and less being better.17 The 60 min of MVPA (energetic play) for preschoolers 

was also recommended by Canada (3–4 years old),18 Australia (3–5 years old),19 and China (3–
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6 years old)20 but was not mentioned in the 2018 Physical Activity Guidelines for American 

preschoolers (3–5 years old).21 However, a recent report showed that only 28% of Chinese 

preschool children would meet this guideline based on accelerometer-derived PA.22 Thus, to 

develop evidence-based public health strategies to reduce SB and promote PA from early 

childhood, there is a need to understand the determinants of the behaviors themselves. 

 

Children’s behaviors are influenced at different levels by a range of individual and social factors, 

as well as factors relating to the home, community, school environment, and policy.23 The 2018 

Physical Activity Guidelines for Americans indicated that caregivers have a critical role in 

supporting and encouraging young children to be physically active and in modeling 

participation in regular PA.21 In Chinese society, the 1-child generation has dramatically 

changed family structure and lifestyle for almost 35 years (from 198024 to 201525) on the 

mainland of China, resulting in the child’s becoming the focus of the entire family.26 The 

literature shows that Chinese adolescents residing with grandparents are less active than those 

not living with grandparents.27 However, less is known about the role played by grandparents 

in developing and shaping children’s PA patterns during preschool years,28 especially in families 

in which 2 parents work full time, so the grandparents have taken responsibility for the 

children’s before-school or out-of-school activity (e.g., transportation to school). Home PA 

facilities or barriers may directly impact children’s behaviors because these facilities or barriers 

provide caregivers with an opportunity to either encourage children to be active or to inhibit 

their participation in activities.23,29 For example, 1 study found consistent evidence across 12 

countries that children (9–11 years old) with at least 1 electronic media device in their bedrooms 

did less MVPA (4 min/day) than children with no devices.30 In another study, children spent 

more time using electronic media indoors at the expense of engaging in outdoor play.31 

Furthermore, in present-day China, the neighborhood’s built environment may influence 

children’s PA behaviors,32,33 especially for those with reduced access to public spaces (such as 

sports areas, parks, and open recreational fields) suitable for leisure-time activities.34 A study 

in the Netherlands indicated that convenient neighborhood PA facilities had an indirect positive 

effect (through parental support) on PA behaviors of Dutch preschoolers, even in relatively rural 

areas.35 It is important to note that leisure-time PA is considered a dominant form of overall PA 

among children in developed countries.36 Identifying these correlations between built 

environments and overall and leisure-time PA may help with specific interventions that can 

promote active lifestyles from an early age. A supportive social environment is also an essential 
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component for enhancing PA in communities, and effective social support is essential for 

creating active communities.23 For example, young children in the United States were found to 

be more likely to participate in PA in safe neighborhoods.37 In contrast, a cross-sectional 

analysis of a population-based cohort study found that a safe neighborhood was positively 

associated with higher SB in Swiss preschoolers.38 Thus, the influence of the environmental 

characteristics may vary by country and should be further studied.  

 

The aim of this study was to examine which home and neighborhood environmental 

characteristics correlated with preschoolers’ sedentary time (STacc) and PA—composed of light 

physical activity (LPAacc) and moderate-to-vigorous physical activity (MVPAacc)—as measured 

by ActiGraph accelerometry, as well as their correlation with leisure-time sedentary behaviors 

(LTSBq) and leisure-time physical activity (LTPAq) based on a questionnaire reported by 

parents. It was hypothesized that children living in a supportive environment (e.g., less media 

exposure in the home or more PA facilities in the neighborhood) would be less sedentary and 

more active than those living in a nonsupportive environment. Understanding the associations 

between environmental factors and children’s behaviors in particular settings could be critical 

for designing specific PA promotion projects. Such evidence would support key strategies for 

reducing SB and increasing PA among young children in modern urban cities in China. 
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METHODS 

The PATH-CC study 

Data were derived from the Physical Activity and Health in Tianjin Chinese Children study 

(PATH-CC), which focuses on identifying the relationship between environmental determinants, 

PA, and overweight among children in Tianjin, China. Details of the study have been reported 

elsewhere.22 Tianjin is the 4th largest city in northern China, with more than 15 million residents 

in 2015. Preschools in China generally cater to children 3–6 years old and are under the 

guidance of the national ministry of education. For example, in Tianjin, most children 3–6 years 

old attend local preschools in the city.39 Four preschools located in 4 different districts were 

selected at random for the study. Healthy children were recruited by means of advertising 

posters in preschools. Children with any disease or disability that could seriously influence 

daily PA (such as movement difficulties, asthma, or cardiovascular diseases) were excluded 

from the study. In total, 1031 healthy children and their parents participated in the study 

between March 2015 and November 2015. The participation rate was 93.7% (i.e., 1031 out of 

1100 children in the recruited preschools) (flowchart, Fig.1). Written informed consent was 

obtained from the parents, and the study was approved by the Medical Ethics Committee of the 

Tianjin Medical University and performed in accordance with the Declaration of Helsinki. 

 

Data collection 

The questionnaire data and child anthropometry measurements used in this study were collected 

in May 2015. Child and family information and environmental characteristics of the home and 

neighborhood were addressed in the questionnaires, which were sent to parents for data 

collection purposes, along with the child leisure-time activities questionnaires. The children’s 

height and weight were measured by trained school nurses in preschools. Children’s overweight 

and obesity were classified according to the age-specific and gender-specific cut-offs of Cole 

and Lobstein.40 From June 2015 to November 2015 (except for summer holidays from July 17 

to August 31), daily ST, LPA, and MVPA were assessed in a group of child volunteers 

participating in the study by using ActiGraph GT3X (Actigraph, Pensacola, FL, USA) 

accelerometry, and the season (summer or autumn) was recorded for later adjustment. 
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Fig. 1. Flowchart of participants in the PATH-CC study. 

PATH-CC = Physical Activity and Health in Tianjin Chinese Children. 

Physical activity measurement 
by ActiGraph (n=169) 

Volunteers recruited from 4 preschools in Tianjin  
(n = 1100) 

Children included in PATH-CC (n = 1031) 
Questionnaire, interview, and anthropometric measurement 

Valid questionnaire filled by 
parents (n = 980) 

Valid data of physical activity 
for analysis (n = 134)  

Drop out (n = 6) 
ActiGraph was lost (n = 1) 
Valid data less than 3 days 
(n = 28) 
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Measures of ST, LPA and MVPA using accelerometry 

The ActiGraph has been shown to be a reliable and valid device to measure PA volume and 

intensity in preschool children. Details of the ActiGraph measurements used in this study have 

been reported elsewhere.22 Parents were instructed to have their children wear the ActiGraph 

with an elastic belt on the iliac crest of the right hip for 7 consecutive days during all waking 

hours, except when bathing or swimming.41 Data were collected using a frequency of 30 Hz. 

Collected data were analyzed in 15-s epochs. The time spent wearing and not wearing the 

accelerometer was classified as recommended by Choi et al.,42 and the cut-off points for 

calculating time spent in ST, LPA, and MVPA were used as recommended by Butte et al.43 To 

obtain valid measurements in this study, participants had to wear the accelerometer for at least 

10 h/day for at least 3 days, regardless of whether these were weekdays or weekend days.44 

Time spent doing ST, LPA, and MVPA was calculated as means over at least 3 wearing days.  

 

Measures of LTSB behaviours and LTPA 

Children’s LTSBq and LTPAq were reported by parents or guardians through questionnaires. In 

this study, leisure time was defined as time spent outside of school hours on weekdays 

(including interest classes after school and time spent outdoors and at home, but not travel time) 

and entire weekend days. The LTSBq questionnaire used in this study was adapted from the 

Neighborhood Impact on Kids Survey—Sedentary Behaviors.45 The LTPAq questionnaire was 

adapted from a 7-day activity questionnaire for Chinese primary school pupils, and it showed a 

reliable estimate of the PA during the past week by Chinese children.46 In a pilot study 

conducted before the survey, 50 parents (37 mothers and 13 fathers) of preschoolers answered 

questions about their children’s common SB and activities during leisure time. The final version 

of the LTSBq questionnaire included 5 sedentary behaviors that were found to be most prevalent 

in preschoolers; 12 activities were included in the LTPAq questionnaire. Parents reported the 

frequency and duration of these behaviors. For example, the questionnaire asked how many 

min per day, on average, their children spent on each item during leisure time on schooldays in 

the past week (response categories ranged from 0–5 days) and on days over the past weekend 

(response categories ranged from 0–2 days). The average number of minutes was computed to 

obtain an overall average LTSBq or LTPAq per day. Details of these behaviors and activities 

carried out by the children participating in this study are presented in Supplementary Table1. In 

the validation study of the leisure-time questionnaire involving 41 children aged 5.3 ± 1.0 years, 

children were assessed for 7 continuous days by using both ActiGraph measurements and the 
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questionnaire. A positive correlation was found between LTSBq and STacc (ρ = 0.365, p = 0.019), 

as well as for STacc on weekends or holidays (ρ = 0.425, p = 0.006) and on schooldays (ρ = 

0.348, p = 0.026). However, no correlation was found for LTPAq and ActiGraph-derived PA. 

 

Environmental correlates  

Home and neighborhood characteristics were assessed using a revised and translated 

questionnaire reported on elsewhere.35,47 The English questionnaire was translated into 

Mandarin Chinese by a professional translator and back-translated into English by 2 other 

translators. The discrepancies were reviewed by an independent translator. All these translators 

were fluent in both English and Mandarin Chinese. Following the back-translation, the Chinese 

environmental questionnaire was evaluated in the pilot study together with the leisure-time 

questionnaires mentioned above. The final version of the environmental questionnaire was 

adapted according to Chinese cultural background by an expert committee, and it was approved 

by the original authors.35 Parents reported their home characteristics (household income; 

primary caregivers for their child; the presence or absence of an elevator, garden, or car; the 

number of televisions and computers in the household; and the presence or absence of a 

television or computer in the child’s bedroom) and children’s PA behaviors (outdoor play and 

the means of commuting to school). The children’s outdoor play was reported in terms of 

frequency and duration and given in min per week. Parents reported the walking distance from 

home to 6 PA facilities (e.g., green area or park) in their neighborhoods and the frequency of 

taking their children to these facilities each week. A distance index was compiled by combining 

the 6 places; a higher score meant all places were close to home. The questionnaire also included 

a scale of social support within families and communities, a scale of traffic safety, and a scale 

of environmental quality in the neighborhood, assessed by 4 items. An acceptable internal 

consistency was found for each scale (Cronbach α from 0.614–0.712).48 In this study, the sum 

score of each item was computed, with higher scores representing better quality. A description 

of these scales is presented in Supplementary Table 2. 

 

Statistical analysis 

Data were presented as rates in number (n) and percentages, as means with standard deviations 

(SDs) or, if data were skewed, as the median within the 25th–75th percentile. Dependent 

skewed variables (e.g., LTSBq and LTPAq) were transformed as natural logarithms (ln) for linear 

regression. STacc, LPAacc and MVPAacc were normally distributed and presented as means by 
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min/day. Differences among groups were tested using a t test: the Mann-Whitney U test or the 

χ2 test. To determine the relationships between potential correlates and PA outcomes, linear 

regression analysis, adjusted for age, gender, and body mass index (BMI), was used. For 

ActiGraph outcomes, models were also adjusted for season (summer/autumn), because season 

has been found to be associated with accelerometer-determined PA measurements.49 Multiple 

regression models were then used for potential factors (variables with p < 0.05 in the univariate 

analyses) for each outcome. Because “outdoor play” (ρ = 0.143, p < 0.05) and “frequency of 

taking children to PA facilities” (ρ = 0.558, p < 0.05) were both correlated with “distance index”, 

ordinary least square regression-based path analysis was used to estimate the direct and indirect 

effects of “distance index” on LTPAq in mediation models with the PROCESS macro for SPSS 

(Hayes, 2018, http://www.afhayes.com/). In the path model, the “distance index” was entered 

as an independent variable, “outdoor play” and “frequency of taking children to PA facilities” 

were entered as mediators, and the other variables were entered as covariates. For the indirect 

effects, 10,000 bootstrap samples were used for bias-corrected bootstrap confidence intervals. 

The given path coefficients were shown as unstandardized β. Missing data were not imputed 

because only a small proportion (less than 3%) was missing. IBM SPSS Statistics 22 for 

Windows (USA) was used for this study, with test level α = 0.05. 
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RESULTS 

The characteristics of the study population are presented in Table 1. A total of 980 children, 

aged 4.8 ± 1.1 years, had complete data on parent-reported environmental characteristics, 

LTSBq, and LTPAq. Of these children, 836 (85%) and their families had lived in their current 

neighborhood for 1 or more years, and 92 (9%) had lived there for 6 months to 1 year. There 

were 469 (48%) families who reported living in an apartment that was smaller than 90 m2. 

Thirty-seven mothers and 7 fathers reported having no job during the study. Most children (85%) 

had a mother with a university degree. The questionnaire data were reported mainly by mothers 

(n = 693; 71%), with fathers (n = 210; 21%) and grandparents (n = 77; 8%) reporting less often. 

 

With regard to the levels of SB and PA, the questionnaire data on leisure-time activities showed 

that, on average, children spent more than 2 h per day in SB, LTSBq (132.9 (85.7 to 188.6)), 

and more than 1.5 h per day in more active behaviors, LTPAq (104.3 (60.0 to168.2)), in min/day. 

No difference in the level of LTSBq or LTPAq was found between data reported by the mother 

and data reported by the father (all p > 0.05). The subgroup of 134 children aged 5.4 ± 0.9 years 

who had valid ActiGraph data (Fig. 1) spent almost 8 h/day being sedentary, STacc (468.6 ± 80.5 

min/day); more than 4 hours doing LPA, LPAacc (249.6 ± 17.1 min/day); and an average of 50 

min doing MVPA, MVPAacc (50.5 ± 17.1 min/day).  

 

The children in the ActiGraph group (n = 134) were older than the children in the total 

questionnaire group (n = 980, p < 0.05), because the ActiGraph measurements, which took 6 

months, were initiated after the data collection by questionnaire. Most characteristics were 

comparable between the 2 groups, except for the presence or absence of an elevator in the 

household (p < 0.05). Univariate associations between potential correlates and children’s ST 

and PA outcomes are presented in Supplementary Table 3. No correlation was found between 

these outcomes and household income; the presence or absence of a lift, garden, or car; the 

number of computers in the household; or parental perception of traffic safety in the 

neighborhood.
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Table 1. Characteristics of the study population in the PATH-CC study. 
Variable Code/Range Leisure-time 

group (n=980) 

ActiGraph group 

(n=134) 

Gender 
0=male 550 (56.1%) 76 (56.7%) 

1=female 430 (43.9%) 58 (43.3%) 

Age a 3–6 (years) 4.8 ± 1.1 5.4 ± 0.9 

Body mass index 12.7–22.5 15.2 (14.4; 16.3) 15.2 (14.5; 16.3) 

Body weight status 

0=Normal weight / 

underweight 

856 (87.8%) 118 (88.1%) 

1=Obesity & overweight 119 (12.2%) 16 (11.9%) 

Ethnicity 
0=other nationality 59 (6.0%) 7 (5.2%) 

1=Han nationality 921 (94.0%) 127 (94.8%) 

Season in which 

accelerometer was 

worn 

0=summer (June and July) — 58 (43.3%) 

1=autumn (September, 

October and November) 

— 76 (56.7%) 

Person who filled in 

questionnaires 

0=mother  693 (70.7%) 94 (70.1%) 

1=father  210 (21.4%) 30 (22.4%) 

2=grandparents  77 (7.9%) 10 (7.5%) 

Duration of residency 

0=less than 1 year  121 (12.6%) 16 (12.5%) 

1=one to three years 278 (29.0%) 42 (32.8%) 

2=more than 3 years 558 (58.3%) 70 (54.7%) 

Home characteristics    

Household income 

0=low (less than RMB 

30,000/person/year)  

274 (28.0%) 36 (26.9%) 

1=middle (RMB 

30,000−50,000 

/person/year) 

307 (31.3%) 47 (35.1%) 

2=high (more than RMB 

50,000 /person/year) 

399 (40.7%) 51 (38.1%) 

Having grandparents as 

primary caregivers 

0=no 627(64.0%) 83 (61.9%) 

1=yes  353(36.0%) 51 (38.1%) 

Presence/absence of an 

elevator b 

0=no 715 (73.0%) 113 (84.3%) 

1=yes 265 (27.0%) 21 (15.7%) 
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Variable Code/Range Leisure-time 

group (n=980) 

ActiGraph group 

(n=134) 

Presence/absence of a 

garden  

0=no 930 (94.9%) 126 (94.0%) 

1=yes 50 (5.1%) 8 (6.0%) 

Presence/absence of a 

car 

0=no 152 (15.6%) 26 (19.8%) 

1=yes 825 (84.4%) 105 (80.2%) 

Number of televisions 

in the household 

0=no/1 TV 687 (70.2%) 87 (65.9%) 

1=2 or more TVs 291 (29.8%) 45 (34.1%) 

Number of computers 

in the household 

0=no/1 computer 437 (45.4%) 51 (40.5%) 

1=2 or more computers 525 (54.6%) 75 (59.5%) 

Having a television in 

the bedroom 

0=no 851 (88.0%) 110 (83.3%) 

1=yes 116 (12.0%) 22 (16.7%) 

Having a computer in 

the child’s bedroom 

0=no 773 (81.1%) 98 (76.0%) 

1=yes 180 (18.9%) 31 (24.0%) 

Children’s behaviours   

Child’s outdoor play 0–17.5 (h/week) 3.0 (2.0; 5.3) 3.1 (2.3; 5.3) 

Active commutingto 

school 

0=inactive 798 (81.9%) 106 (80.9%) 

1=walking 176 (18.1%) 25 (19.1%) 

Frequency of going to 

physical activity 

facilities 

0=no/1 time per week 316 (32.2%) 42 (31.3%) 

1=2 or 3 times per week 301 (30.7%) 50 (37.3%) 

2=more than 3 times per 

week 

363 (37.0%) 42 (31.3%) 

Parental perception of neighborhood environment   

Number of physical activity facilities   

Within 5 min’ walk 

0=no facility 431 (44.0%) 57 (42.5%) 

1=1 facility 339 (34.6%) 51 (38.1%) 

2=2 or more facilities 210 (21.4%) 26 (19.4%) 

Within 10 min’ walk 

0=no facility 235 (24.0%) 31 (23.1%) 

1=1 facility 355 (36.2%) 44 (32.8%) 

2=2 or more facilities 390 (39.8%) 59 (44.0%) 

Within 20 min’ walk 
0=no/1 facility 406 (41.4%) 46 (34.3%) 

1=2 or more facilities 574 (58.6%) 88 (65.7%) 

Within 30 min’ walk 0=no/1 facility 340 (34.7%) 41 (30.6%) 
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Variable Code/Range Leisure-time 

group (n=980) 

ActiGraph group 

(n=134) 

1=2 or more facilities 640 (65.3%) 93 (69.4%) 

Distance index c 0–29 (high–close to home) 8 (5; 13) 9 (5; 13) 

Social support 4–20 (high–better quality) 15 (13; 16) 14 (13; 16) 

Traffic safety 4–20 (high–better quality) 11 (9; 12) 11 (9; 12) 

Environmental quality 4–20 (high–better quality) 11 (9; 13) 11 (10; 12) 

Data were presented as rates in number and percentages as means ± SDs, or, if data were 

skewed, as the median, along with the 25th to 75th percentile. 
a P < 0.05, t-test was used. 
b P < 0.05, χ2 test was used. 
c The distance index was synthesized by the six PA facilities in the neighborhood; a higher score 

meant these places were close to home. 

Missing data in Leisure-time group: “Body weight status”, n = 5; “Duration of residency”, n 

= 23; “Presence/absence of a car”, n = 3; “Number of televisions in the household”, n = 2; 

“Number of computers in the household”, n = 18; “Having a television in the bedroom”, n = 

13; “Having a computer in the child’s bedroom”, n = 27; “Active commuting to school”, n = 

6.  

Missing data in ActiGraph group: “Duration of residency”, n = 6; “Presence/absence of a 

car”, n = 3; “Number of televisions in the household”, n = 2; “Number of computers in the 

household”, n = 8; “Having a television in the bedroom”, n = 2; “Having a computer in the 

child’s bedroom”, n = 5; “Active commuting to school”, n = 3. 
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The multiple regression analysis in Table 2 shows the associations between significant factors 

found in Supplementary Table 3 and these outcomes, with adjustment for the children’s genders, 

ages and BMIs; the season; and the household income. “Number of televisions” was not 

included because of co-linearity with “having a television in the child’s bedroom” (ρ = 0.424, 

p = 0.000). “Distance index” was selected because it represents a synthesized variable for the 

accessibility of PA facilities. Table 2 shows that girls spent fewer minutes in MVPAacc than 

boys, and older children and children with higher BMIs showed more LTSBq. “Having 

grandparents as primary care givers” was associated with higher STacc (29.7 (2.1 to 57.2), p = 

0.035) and LTSBq (ln: 0.19 (0.11 to 0.28), p = 0.000), and lower MVPAacc (−7.6 (−14.1 to −1.2), 

p = 0.020). Having a television (ln: 0.13 (0.00 to 0.25), p = 0.047) or a computer (ln: 0.13 (0.03 

to 0.23), p = 0.015) in the child’s bedroom were both associated with higher LTSBq. More 

“outdoor play” correlated with lower STacc (−6.8 (−12.0 to −1.7), p = 0.010) and higher LTPAq 

(0.08 (0.07 to 0.10), p = 0.000). “Active commuting to school by walking” correlated with 

lower STacc (−45.5 (−78.1 to −12.9), p = 0.007) and higher MVPAacc (9.8 (2.2 to 17.4), p = 

0.012). “Children went to PA facilities more often” was associated with higher LTPAq (ln: 0.18 

(0.11 to 0.25), p = 0.000). However, no correlation was found between “distance index” and 

these outcomes. No significant factor was found for LPAacc (all p > 0.05). No correlation was 

found between “social support” or “environmental quality” and these outcomes when both 

variables were added to these models; the directions of correlation for other variables were not 

changed. 
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In Fig. 2, the path coefficient model shows that if parents perceived more PA facilities close to 

home, they showed more support for taking children to “outdoor play” (path coefficients 

(95%CI) for LTPAq (ln): 0.005 (0.002 to 0.008)) and “going to these facilities more often” (path 

coefficients (95%CI) for LTPAq (ln): 0.013 (0.008 to 0.018)), which were associated with more 

LTPAq than for children who had PA facilities far from home. This indirect effect on children’s 

active behaviors was also significant for “number of PA facilities” and children’s LTPAq; for 

example, the number of PA facilities within 10, 20, and 30 min of walking distance. Thus, it 

was shown that having access to more PA facilities was, indeed, reflected in a greater use of 

these facilities. 

 

A sensitivity analysis was used for accelerometry data by including in the defined valid 

measurements that participants also needed to have for at least 1 weekend day. This shows that 

the findings were materially unchanged, despite lower power (107 children were included). The 

findings changed for 2 factors: for “season,” which became significant; and for “having 

grandparents as primary caregivers”; the association attenuated with STacc (30.6 (−0.2 to 61.4), 

p = 0.052), and the p value was at the boundary of 0.05. Outcomes of this sensitivity analysis 

are presented in Supplementary Table 4. 
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DISCUSSION 

This study examined the associations of the environmental correlates of SB and PA over the 

whole day by using ActiGraphs and during leisure time by using questionnaires among 

preschool children living in a rapidly urbanizing city in the mainland of China. The results 

showed that the Chinese social culture of children having grandparents as their main caregivers 

correlated with preschoolers spending more time in SB and less time in MVPA. Children’s 

outdoor play and active commuting also correlated with more PA (e.g., LTPAq or MVPAacc) and 

less STacc. Furthermore, parental perception of more PA facilities in the neighborhood may 

indirectly enhance children’s LTPAq by supporting children in engaging in active behaviors. 

 

Grandparents may play an important role in influencing Chinese preschoolers’ PA patterns, such 

as a correlation with higher SB and lower MVPA. Grandparent care is a traditional sociocultural 

custom in Chinese societies.50 Previous researchers have reported that Chinese grandparents 

had an influence on children’s weight status because of their limited understanding of risk 

factors for obesity and because they overindulge their grandchildren.51 This may be because 

many of the older generation experienced a lengthy famine during childhood52 and because the 

single grandchild is the focus of attention in the Chinese families of today.53 When it comes to 

PA, they may be overprotective and encourage their grandchildren to engage in less vigorous 

or even sedentary indoor activities because they are less active themselves and transfer this 

inclination to a restriction of their grandchildren’s vigorous activities.54 However, a study of 

preschoolers in Japan found that grandparents had no impact on their grandchildren’s PA.55 One 

Spanish research study indicated that when parents’ work leads to a difficult and tough situation, 

the role of grandparents was very important in the life of the family.56 Therefore, family-based 

education about healthy lifestyle behaviors in young children should involve not only the 

parents but also the grandparents who care for the children. 

 

Our results showed that access to media equipment, particularly a television or computer in the 

child’s bedroom, was associated with higher levels of LTSBq in preschoolers. Similar findings 

have been reported for British children.57 A systematic review found that reducing the parents’ 

own screen time could lead to a decrease in the children’s screen time.58 A study in Finland 

examined parental educational levels and preschoolers’ screen time and found that parental role 

models, attitudes, and norms were important mediators of preschoolers’ screen time.59 Thus, to 

reduce SB in the household, support and behavioral interventions by parents are needed. 
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Family-based strategies to limit media access may be an important way to reduce children’s SB 

during leisure time. For example, “removing electronic media from children’s bedrooms” was 

seen as useful in targeted obesity prevention initiatives.60 This strategy could also be used to 

minimize ST in the early years.61 Furthermore, recommendations about the use of mobile media 

for young children are needed.62 Our study showed that 62% of children interact with a mobile 

phone, tablet, or electronic games for 30 min per day 5 days per week (Supplementary Table 1).  

 

Our study also confirmed a correlation between families’ having and using PA facilities in their 

neighborhood and young children’s LTPAq. This finding was consistent with that of a previous 

study, which demonstrated that access to PA destinations correlates with leisure-time PA in 

Chinese adults.63 Another study, in Hong Kong, reported that building more neighborhood 

sports facilities may help active adolescents to maintain or increase their leisure-time PA.64 For 

preschool children, as expected, the influence of the built environment was indirect and required 

the parents’ or caregivers’ support because young children are less autonomous than adults.35 

More and more evidence shows that parents’ PA has a positive influence on children’s PA.65,66 

For example, a study in Canada found that maternal support was significantly related to 

preschoolers’ objectively measured ST, LPA, and MVPA.67 Thus, improving the availability of 

PA facilities is a sensible action to take, not least because children and their caregivers can then 

do activities together, which benefits both groups. 

 

In addition, some environmental correlates may influence other PA domains, and this needs to 

be studied further. Although no evidence was found in our study that parental perception of 

“traffic safety” was a correlate of children’s PA behaviors, parental perception of greater “traffic 

safety” was associated with children’s active commuting to school (ρ = 0.102, p < 0.05), and 

more “social support” was associated with children spending more time in “outdoor play” (ρ 

= 0.223, p < 0.05). In addition, more “social support” (ρ= 0.272, p < 0.05) and “higher quality 

of neighborhood environments” were both associated with children going to PA facilities more 

frequently (ρ = 0.165, p < 0.05). Therefore, comprehensive correlation of supportive school 

environments, active transportation, safe neighborhoods, and supportive home environments 

should be studied further; multiple approaches to public health policy should be made to 

promote sufficient PA.6,23,68 
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To the best of our knowledge, this is the first study that examined correlates of home and 

neighborhood characteristics in the PA patterns of Chinese preschool children. An important 

strength of this study was that it investigated both correlates of objectively measured PA 

throughout the day and subjectively measured PA and SB during leisure time. This provided a 

better understanding of how different environmental factors influence children’s behaviors in 

particular settings. Limitations of the present study include its cross-sectional design, which 

means that causality cannot be addressed. Also, environmental characteristics, LTPAq, and 

LTSBq were reported by parents, so findings must be interpreted with caution. Furthermore, it 

is not known how these results would translate to other populations in a different part of the 

world because the children in this study were recruited in a single Chinese city, and the 

correlates for being sedentary or active are likely to depend on the area-specific context.  

 

CONCLUSIONS 

This study provides evidence showing that children’s caregivers, children’s active behaviors, 

media exposure at home, and better neighborhood facilities are important factors in shaping 

Chinese preschoolers’ PA patterns. The promotion of PA for young children should take into 

consideration the children’s caregivers and their influence on children’s active behaviors. 

Having convenient neighborhood PA facilities may not be enough to enhance children’s PA 

throughout the day. Thus, a comprehensive approach, including supportive home environments, 

active transportation, and safe and supportive school and neighborhood environments, is needed 

to prevent deterioration in young children’s PA patterns. 
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Appendix 3.1 

Supplementary Table 1. Parental report of leisure-time sedentary behaviors and activities of 

children in the PATH-CC study. 

n = 980 
Children 

(%) 
Frequency

/week 

Median 
(25th; 75th) 
(min/time) 

Median  
(25th; 75th) 
(min/week) 

Leisure-time sedentary behaviors 

Reading, writing or drawing  908 (93) 7 (4; 7) 40 (30; 60) 220 (140; 420) 

Watching TV 906(92) 7 (5; 7) 60 (38; 90) 360 (180; 540) 

Playing with toys (stationary but 

moving arms) 

824 (84) 6 (3; 7) 39 (30; 60) 210 (120; 360) 

Playing with mobile phone, tablet 

or electronic games  

606 (62) 5 (2; 7) 30 (20; 60) 120 (60; 270) 

Using a computer 249 (25) 3 (2; 6) 39 (30; 60) 120 (60; 240) 

Leisure-time physical activities 

Running 821 (84) 6 (3; 7) 39 (30; 60) 210 (100; 360) 

Football  789 (81) 5 (3; 7) 51 (30; 77) 210 (120; 395) 

Climbing stairs 640 (65) 7 (7; 7) 10 (5; 13) 54 (35; 83) 

Walking 638 (65) 4 (2; 7) 45 (30; 60) 160 (80; 270) 

“Naughty castle” 516 (53) 1 (1; 2) 60 (60; 120) 90 (60; 120) 

Playing on slide or swing 495 (51) 3 (2; 5) 27 (15; 30) 70 (40; 140) 

Cycling 476 (49) 2 (1; 4) 30 (20; 45) 60 (30; 120) 

Roller skating or scootering 387 (39) 2 (1; 4) 30 (20; 60) 60 (40; 120) 

Dancing 183 (19) 2 (1; 5) 60 (30; 90) 90 (60; 130) 

Taekwondo or other sports 146(15) 2 (1; 4) 30 (20; 60) 80 (50; 120) 

Climbing hills 134 (14) 1 (1; 2) 38 (22; 60) 60 (30; 120) 

Swimming 59 (6) 1 (1; 2) 60 (30; 90) 70 (40; 120) 

Abbreviation: PATH-CC = Physical Activity and Health in Tianjin Chinese Children.
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ABSTRACT 

Objectives  

This study examined the relationship between environmental correlates and children’s 

sedentary time (ST), light physical activity (LPA), and moderate-to-vigorous physical activity 

(MVPA) in preschool children. 

 

Design  

Cross-sectional study 

 

Setting  

A birth cohort in Drenthe, a northern province and relatively rural area of the Netherlands. 

 

Participants  

Valid data both for the ActiGraph and the questionnaire were obtained from 505 child–parent 

pairs. 

 

Primary and secondary outcome measures  

ST, LPA and MVPA of children were objectively measured by ActiGraph accelerometry 

(minimum three wearing days, more than 10 hours/day). Environmental correlates were 

collected using a questionnaire reported by parents that included household characteristics, 

parental and children’s PA behaviours and neighbourhood environment (eg, traffic safety, road 

network, and presence of PA facilities). Potential correlates were identified using linear 

regression analysis, adjusted by age, gender, siblings, and maternal age and education level. 

Ordinary least square regression-based path analysis was used to estimate direct and indirect 

effects on activity outcomes in mediation models. 

 

Results  

Linear regression analysis showed that ‘parents taking children to play sports’ was related to 

less ST, more LPA and MVPA; more outdoor play was also related to less ST and more LPA, 
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but not MVPA. Parents who perceived more PA facilities in their neighbourhood showed more 

support for ‘taking children to play sports’, and this was associated with less ST or more MVPA 

compared with children living with less PA facilities in their neighbourhood. No evidence was 

found for a relation between traffic safety or road network with ST, LPA and MVPA. 

 

Conclusions   

This study indicated that parental support and child outdoor play may influence children’s daily 

PA patterns. Convenient neighbourhood PA facilities, such as parks and playgrounds, had an 

indirect effect through parental support associated with lower children’s ST and higher MVPA, 

even in relatively rural areas.  

 

Keywords: Physical activity; sedentary behaviours; environmental correlates; parental support; 

preschool children; traffic safety 
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INTRODUCTION 

The trend of physical inactivity is increasing rapidly in most societies around the world, equally 

in adults as well as in young people.[1] Preschool years are a critical period of cognitive 

development and for the development of lifelong health habits,[2, 3] for example, energy-

balance-related behaviours, including physical activity (PA) and sedentary behaviours (SB). 

The promotion of children’s PA in their early years has become an important public health aim 

because it is associated with multiple health indicators. A systematic review has summarized 

that increased or higher PA was favourably associated with children’s bone and skeletal health, 

motor skill development, psychosocial health, cognitive development, and cardiometabolic 

health.[4] It also becomes more and more evident, that the preschool years are a critical period 

for the development of childhood obesity.[5] Unlike PA, SB are a distinct group of behaviours; 

high levels of SB can be accumulated even when children meet PA recommendations. Excessive 

SB may have adverse health consequences, for example, higher durations/frequencies of screen 

time and television viewing were associated with obesity risk in school-aged children and 

youth.[6] 

  

From an ecological perspective, it is vital to focus not only on the individual determinants of 

PA but also on determinants in the social (eg, family) and physical (eg, neighbourhood) 

environments.[7] The relationship between family, neighbourhood environments, and 

children’s PA levels is supported by multiple studies. For example, two reviews found consistent 

evidence that parental PA and support were positively associated with children’s PA.[8, 9] 

Parental PA was associated with directly measured PA in young Dutch children.[10] Besides, 

preschool children are highly dependent on their parents to create opportunities for diminishing 

their sedentary time (ST).[11] In addition to parental influence, built environmental 

characteristics, such as road and sidewalk infrastructure and traffic safety, could affect 

children’s PA, since these may influence children’s mode of transportation or their opportunities 

for playing outside.[12] A report demonstrated that each additional hour spent outdoors was 

associated with seven additional minutes of moderate-to-vigorous PA (MVPA) and 13 min less 

in ST among 7–14-year-old Canadian children per day.[13] For preschool children, the 

correlation between outdoor play, objectively measured total PA and ST needs to be assessed, 

as outdoor time may be a good opportunity for children to be active.[14] When investigating 

how more time can be spent in high-intensity activity, it is necessary to take into account that 

lifestyle behaviours do not exist in isolation.[15, 16] A change in any behaviour must be done 
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at the expense of one of the other behaviours, and each intensity of activity should be studied 

in relation to changes in other intensities, for example, ST, light PA (LPA) and MVPA.[17] 

 

Parental perceptions of neighbourhood environmental characteristics may have a particular 

impact on children’s PA level, since parents are most often the main decision-makers with 

regard to their child’s activities.[18, 19] Understanding the impact of the built environment on 

PA among young people is especially important for the design of effective interventions. First 

of all, intervention needs to be encouraged starting at an early age, since health benefits of 

sufficient PA during preschool years are increasingly being recognized.[4, 20] Second, the 

literature shows that interventions focused on behaviour modification that target individuals 

have limited effects on PA improvements, suggesting that supportive policies, along with social 

and physical environments, are required to support effective interventions.[7, 21] Third, 

changes in built environments and policies are expected to have long-term impact on most of 

the people living in those places, for example, by enhancing PA or reducing obesity.[7] However, 

the number of studies investigating the correlates of family, built environment, and objectively 

measured ST, LPA, and MVPA in preschool children is limited.[22, 23]  

 

Studies from developed countries have found a higher prevalence of obesity in rural areas.[24] 

Compared with urban populations, people living in rural areas could be limited in their facilities 

for PA.[25] At the same time, little is known about how these environmental factors are related 

to ST and total PA in rural populations, especially in young children.  

 

The aim of this cross-sectional study was to examine whether neighbourhood characteristics 

are related to ST and total PA—divided into LPA and MVPA—objectively measured by 

accelerometry in preschool children from the Groningen Expert Centre for Kids with Obesity 

(GECKO) Drenthe birth cohort. The province of Drenthe is a relatively sparsely populated rural 

area with a population density of 183 per km2 in year 2017, where, unlike in many other parts 

of the Netherlands, the land use is mainly for agriculture. It is hypothesized that children living 

in a supportive neighbourhood environment at 45 months (eg, more PA facilities) will be more 

active compared with those living in a non-supportive environment, even in relatively rural 

areas. Furthermore, it will be explored how parental behaviours mediate the correlations 

between environmental characteristics and the child’s daily activity patterns. 
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METHODS  

GECKO Drenthe birth cohort 

Data were derived from the GECKO Drenthe birth cohort, which focuses on the development 

of overweight and obesity in children living in Drenthe, a northern province of the Netherlands. 

Details of the study have been reported elsewhere.[26] All mothers of children born between 

April 2006 and April 2007, and living in Drenthe, were invited to participate during the third 

trimester of their pregnancy. At baseline, parents of 3875 children intended to participate in the 

study, but only 2874 actually ended up participating.  

 

Data collection  

Questionnaire data used in this study were collected by a series of questionnaires during the 

cohort follow-up.[26] Child and family information including birth dates of family members, 

parental educational levels and ethnicity were collected at baseline. At follow-up, changes in 

number of siblings and family members were reported. Questionnaires for parents about 

environmental correlates were handed out during visits to the Well Baby Clinic when the child 

was 45 months of age. Children who had complete data on environmental correlates were 

selected as potential participants for this study. Flowchart of the participants used in this study 

is shown in figure 1. When children were in their second year of preschool, around 5–6 years, 

trained Youth Health Care nurses measured height and weight as part of a regular health 

screening. Overweight and obesity of children were classified according to the age-specific and 

gender-specific cut-offs of Cole and Lobstein.[27] Parental educational level, as an indicator of 

socioeconomic status in the Netherlands, was assessed as low/middle education or higher 

vocational education and university.[28]  

 

Environmental correlates 

Environmental correlates were assessed (2010–2011) using a Dutch questionnaire developed 

by Aarts et al, and the level of internal consistency of the scales was acceptable in this study.[29] 

Parents/guardians reported their household characteristics (type and ownership of house, 

number of cars, and presence of garden and dog), their behaviours (taking child cycling/to play 

sports/accompanying going out), and their children’s PA behaviours (outdoor play, regular 

cycling, and going out by bicycle). The child’s outdoor play was reported by parents in 

frequency and duration, and given in hours per week. Parents reported their perception of the 

traffic situation (Cronbach’s α=0.708) and road network (Cronbach’s α=0.631) in their 
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neighbourhood in terms of two concepts. Each concept included five items, and each item had 

five options from ‘totally disagree’ to ‘totally agree’. For a better understanding of the effect of 

environmental correlates, all items for each concept were combined into one dichotomized 

variable (favourable vs less favourable situation). For the presence of PA facilities (Cronbach’s 

α=0.651), parents reported their presence for six items (eg, park and playground) within a 

defined distance in their neighbourhood (eg, within a 5 min’ walk or 20–30 min). A distance 

index was made combining the six places together; a higher score meant all places were close 

to their home.  

 
 

 
 

Figure 1. Flowchart of the participants in the GECKO study, the Netherlands.

Initial registrations in GECKO 
(n=3875) 

Actively participating 
(n=2874) 

Complete questionnaire filled 
by parents at 45 months  

(n=940) 

Child–parent pairs for analysis 
(n=505) 

Valid data of sedentary time 
and physical activity of children  

(n=1146, aged 4–7 years) 
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ST and PA  

ST, LPA and MVPA in children were assessed using ActiGraph GT3X (ActiGraph, Pensacola, 

FL, USA) accelerometry (2011–2013), with an average age of (5.6 ± 0.9) year. Details of the 

measurements have been reported elsewhere.[30] The ActiGraph has been shown to be a 

reliable and valid device to measure PA volume and intensity in preschool children.[31] Parents 

were instructed to have their child wear the ActiGraph on the iliac crest of the right hip with an 

elastic belt for four consecutive days—with at least one of the days being during the weekend—

for all waking hours, except when bathing or swimming. Data were collected using a frequency 

of 30 Hz. Collected data were analyzed in 15 s epochs. The accelerometer wear and non-wear 

time was classified as recommendations by Choi et al, and cut-off points for calculating time 

spend in ST, LPA and MVPA was recommended by Butte et al. All children with wear time ≥14 

hour/day were checked manually for sleeping time.[32, 33] For valid measurements in this 

study, wear time had to be at least 10 hours/day for at least 3 days, regardless of whether these 

were week or weekend days. Time spent for ST, LPA and MVPA were calculated as means over 

at least three wearing days. ST, LPA and MVPA together add up to the total activity of that day. 

 

Statistical analysis 

Continuous variables were presented as means with SDs, or, if data were skewed, as the median 

with 25th−75th percentile. Categorical variables were presented as rates in number and 

percentages. Dependent skewed variables were natural logarithm (ln)-transformed for linear 

regression. To examine the differences of characteristics between children with ActiGraph data 

included in the analyses to children lacking questionnaire data, t-test was used for normally 

distributed continuous variables and Mann-Whitney U test was used for non-normal distributed 

continuous variables. Differences in categorical variables were tested by χ2 test. To determine 

the relationships between potential correlates and outcomes, linear regression analysis adjusted 

for child and family factors was used. Then all significant variables (normal distribution) and 

outcomes were checked by Pearson correlation, or Spearman correlation was used if data were 

skewed. Ordinary least square regression-based path analysis was used to estimate direct and 

indirect effects on ST and MVPA in mediation models with the PROCESS macro for SPSS 

(Hayes, 2018, http://www.afhayes.com/). The independent variable was ‘number of PA 

facilities’ in the model, with ‘parents taking children to play sports’ as mediator, since ‘parents 

taking children to play sports’ was correlated with both ‘number of PA facilities’ and outcomes 

of ST/MVPA. No mediation analysis was used for LPA, since it was not correlated with ‘number 

of PA facilities’. Besides, age, gender, having siblings, maternal age, education level, and child 
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outdoor play were all included as covariates in the mediation models. For the indirect effects 

10 000 bootstrap samples were used for bias-corrected bootstrap CIs, and a statistically 

significant indirect effect existed if the CI did not include zero. IBM SPSS Statistics V.22 for 

Windows was used for this study, with test level α = 0.05, and analyses were conducted in 2017. 

 

Patient and public involvement 

There was no patient involvement in the development of the research question or the selection 

of outcome measures. Results of this study are disseminated in a newsletter and on the website. 

 

RESULTS 

A total of 940 children, aged (3.9 ± 0.2) years, had valid data on parents’ perception of 

neighbourhood environmental correlates, while 1146 children, aged 4–7 years, had valid 

ActiGraph data. Combined, 505 child–parent pairs had data both for the ActiGraph and the 

questionnaire, and were available for analysis (figure 1). Missing data for neighbourhood 

characteristics were mainly attributable to logistical and organizational problems, since the Well 

Baby Clinics services’ paper files were digitised during the data collection period (2010–2011) 

in Drenthe. The characteristics of the study population are presented in table 1. 

 

When comparing children with ActiGraph data included in the analyses to children lacking 

questionnaire data (n = 641), the ST, LPA, and MVPA were comparable (p > 0.05). Meanwhile, 

gender distribution was comparable between this study group (n = 505, boys = 53.5%) and the 

total population of GECKO (n = 2874, boys = 50.3%, p > 0.05). However, the children included 

in this study showed a higher level of maternal education (42.6%) compared with the total 

population (34.9%, p < 0.05). This study showed that higher-level education mothers were more 

likely to finish both the questionnaire and the measurement of children’s daily activities. 

Missing data of this study group was not imputed, due to a small proportion that was missing 

(less than 3%).  
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Table 1 Characteristics of the study population in the GECKO study, the Netherlands 

Characteristics (n=505) Total 

Age of the child at questionnaire interview (years), mean (SD) 3.9 (0.2) 

Age of the child at physical activity measurement (years), mean (SD) 5.6 (0.9) 

Maternal age (years), mean (SD) 37.0 (4.2) 

Paternal age (years), mean (SD) 39.6 (4.6) 

Body mass index, median (25th; 75th) 15.7 (15.0; 16.6) 

Obesity and overweight, n (%)* 53 (12.1) 

Normal weight/underweight, n (%) 386 (87.9) 

Ethnicity, n (%)  

Dutch 472 (94.8) 

Non-Dutch 26 (5.2) 

Maternal education, n (%)  

  Low/middle 290 (57.4) 

  High  215 (42.6) 

Paternal education, n (%)  

  Low/middle 305 (60.4) 

  High  200 (39.6) 

Having siblings, n (%)  

  Yes  450 (89.1) 

  No  55 (10.9) 

Single-parent family structure, n (%)  

  Yes  48 (9.5) 

  No  457 (90.5) 

Physical activity patterns (min/day)  

Sedentary time, mean (SD) 372 (54) 

Light physical activity, mean (SD) 266 (39) 

Moderate and vigorous physical activity, median (25th; 75th) 61 (48; 80) 
* Overweight based on Z-scores Cole 5 years, n = 66 missing. 
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The associations of child and family factors with children’s ST, LPA and MVPA by linear 

regression analysis are given in table 2. Girls showed less MVPA than boys. Children’s age and 

higher maternal educational level were positively associated with ST and negatively associated 

with LPA. Higher paternal educational level and older parents determine children with higher 

ST. Children with siblings showed lower ST and higher MVPA. Single-parent household, 

ethnicity, and body mass index were not associated with outcomes. Thus, potential 

environmental correlates were analysed by adjusting for children’s gender and age, maternal 

age and educational levels, and having siblings. Paternal age and education were not included 

due to collinearity with maternal factors (r = 0.656, p = 0.000; r = 0.343, p = 0.000, respectively). 

 

Environmental correlates of children’s ST, LPA and MVPA by linear regression analysis are 

presented in table 3. This study indicated that none of the household characteristics was related 

to children’s ST, LPA or MVPA. From parents’ perception of neighbourhood environmental 

correlates, no evidence was found for traffic safety or road network in relation to these outcomes. 

The results showed that children spent less time on ST if parents reported more PA facilities 

within 5 min’ walking distance (β = −3.6), and showed more MVPA if parents reported more 

facilities within 30 min’ walking distance (β = 0.027) or more facilities close to their house as 

summed together (distance index) (β = 0.007). For parents’ behaviours, taking children to play 

sports was inversely related to children’s ST (β = −7.9), and positively to LPA (β = 5.3), and 

MVPA (β = 0.068). For children’s PA behaviours, more outdoor play was related to lower ST 

(β = −1.0) and higher LPA (β = 0.8), but not MVPA. 

 

Correlations between significant variables and outcomes are presented in table 4. This study 

indicated that ‘parent taking child to play sports’ correlated with all variables in the table except 

for ‘child’s outdoor play’. ‘Facilities within 5 min’ walk’ negatively correlated with children’s 

ST (r = −0.101, p < 0.05), ‘facilities within 30 min’ walk’ positively correlated with children’s 

MVPA (r = 0.105, p < 0.05), and ‘distance index’ correlated with both ST (negatively, r = 

−0.090, p < 0.05) and MVPA (positively, r = 0.094, p < 0.05).  
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Path coefficient models were used for investigating the role of parental support acting as 

mediator in the associations between numbers of PA facilities and ST/MVPA. As shown in 

figure 2, for both of the two path models, the indirect effect of parental support between 

facilities and children’s ST/MVPA was significant (path coefficients [95% CI] for ST: −0.4 

[−1.1 to −0.0] and path coefficients [95% CI] for MVPA [ln]: 0.004 [0.001 to 0.009]). If parents 

perceived more PA facilities in their neighbourhood, they showed more support for ‘taking 

children to play sports’, and this was associated with less ST or more MVPA compared with 

children living with less PA facilities in their neighbourhood. The indirect effect of ‘parent 

taking child to play sports’ was also significant between ‘distance index’ and children’s 

ST/MVPA; this data is shown in online appendix figure A. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Direct and indirect pathways of environmental characteristics on sedentary time and 
moderate-to-vigorous physical activity among preschoolers in the GECKO study, the 
Netherlands.  
 
Ordinary least square regression-based path analysis was used for direct and indirect effects, 
unstandardised β was given in the model, adjusted for child age and gender, maternal age and 
education, having siblings and child outdoor play.  
*P<0.05. ** 95% CI does not encompass zero.
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DISCUSSION 

This study examined how neighbourhood characteristics are associated with daily activity 

patterns in preschoolers. The results showed that parental support for participating in sports was 

related to less ST, more LPA and MVPA. Furthermore, parental support also acted as mediator 

in the associations between numbers of PA facilities and children’s activities, for example, lower 

ST and more MVPA. Moreover, children who spent more time in outdoor play were also less 

sedentary and more active in LPA, though not in MVPA.  

 

The accessibility of recreational PA facilities would seem to have an influence on daily activity 

patterns among preschool children, since these facilities are the most common places for 

children to be active. A previous review found a significant positive association between the 

proximity of parks and playgrounds to the home and children’s PA.[34] But much of the 

research on the correlation of built environment characteristics and PA took place in urban 

area.[35] This study indicated that improving recreation facilities may be a useful strategy in 

developing an active neighbourhood, even in rural areas. Moreover, for PA promotion in young 

children, parental help is important. Parents were able to influence their children’s participation 

in PA through a variety of mechanisms, for example, direct parental display of PA; higher 

maternal PA was related to more preschool children’s MVPA in another study of the GECKO 

cohort.[10] Parental influence is most definitely important for the promotion of PA, especially 

when parents give their children the opportunity to be more active, for example, by encouraging 

playing outside or playing more sports.[12, 36] Furthermore, from the point of view of social 

cognitive theory, involvement of both individual factors and environmental components are 

essential to affect changes in health behaviour.[37] Thus, families living in a supportive 

neighbourhood may have more opportunities to be physically active, and active parents may be 

more aware of available facilities in their neighbourhoods; as a result, they are more likely to 

make use of these facilities for themselves and their children. Parental support should be taken 

into consideration, when developing active neighbourhood-targeted interventions. 

 

In this study, traffic safety and road network were not found to be related to children’s LPA or 

MVPA in Drenthe, the Netherlands. Thought a study reported that parental traffic safety 

perceptions were positively associated with MVPA in German preschoolers on weekend 

days.[22] Some studies found that traffic safety was an important characteristic associated with 

parents’ reported outdoor play and children cycling.[28, 38] In this study, both a favourable 



Correlates of physical activity in Dutch preschoolers

4

131

 

 

situation in terms of traffic safety (ρ = 0.144, p = 0.001) and road network (ρ = 0.090, p = 0.045) 

were positively correlated to a higher frequency of child cycling when they went outside. 

Despite this, it seems that traffic safety and road network did not contribute substantially to 

daily LPA or MVPA in preschool children in Drenthe. However, it might be expected to be 

associated with transport/leisure-time PA later in school life, for example, active commuting to 

school.[38, 39] 

 

The health benefits of outdoor activity, assuming that this leads to higher total PA, have been 

emphasized by several researchers in terms of reducing myopia, developing motor skills, and 

along with improving social skills, since children learn how to deal with each other.[40] More 

and more evidence indicates that unstructured outdoor play in 3-year to 12-year olds has 

declined over time and that it has nowadays been replaced by more time using electronic media 

indoors.[41, 42] This study indicated that more outdoor play would not contribute to the MVPA 

guideline but would probably contribute to the SB guideline. For example, we found that every 

additional hour spent outdoors per day was associated with 5.6 additional minutes of LPA and 

7 min less of ST on an average day among the Dutch preschoolers in this study. For a global 

public health policy aimed at lower SB and at increasing LPA, encouraging outdoor play might 

prove to be an effective strategy in children, since outdoor play is a cheap and natural way for 

children to be physically active.[43] 

  

An important strength of this study was the good representativeness of the study population 

with regard to socioeconomic position and a large sample size compared to similar studies.[44, 

45] This study examined correlates of objectively measured ST, LPA, and MVPA separately, 

which provided full understanding of environmental influences on children’s daily behaviours. 

However, due to incomplete data, a considerable number of cases could not be included in the 

analysis. The selection bias was small, with a slight bias towards higher-educated families but 

still more representative than other cohorts. An important methodological concern is that the 

evidence is based primarily on a cross-sectional study; therefore, children’s behaviour before 

and after environmental changes were not evaluated. The measurements of ST, LPA, and MVPA 

that after data collection of household characteristics were lasting for (1.7 ± 0.9) years, and 

during this period, there could be some small changes of parents’ reported characteristics. Thus, 

our hypotheses need to be tested further, and longitudinal study designs would make causality 

inferences between the predictors and activity outcomes more feasible to determine.  
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CONCLUSIONS 

In conclusion, this study showed that parents’ perception of neighbourhood PA facilities relates 

to a lower ST and higher MVPA in preschoolers, even in safe and rural communities. 

Convenient neighbourhood PA facilities (eg, park and playground) might be positive in 

encouraging children’s PA through parental support for participating in sports. For the 

development of interventions for young children, improvement in PA facilities in the 

neighbourhood, promoting parents’ involvement should be taken into consideration. Future 

studies should investigate the association between both an objective inventory (eg, via 

systematic environmental audits) and measurements of the perception of the effect of the 

environment on activity outcomes, along with using a longitudinal study design to test the 

influence of environmental changes. 
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Figure A. Direct and indirect pathways of Distance index on sedentary time and moderate-to-

vigorous physical activity among preschoolers in the GECKO study, the Netherlands.  

 

Distance index was synthesized by the six PA facilities in the neighbourhood; higher score 

meant these places were close to home. Ordinary least square regression-based path analysis 

was used for direct and indirect effects, unstandardised β was given in the model, adjusted for 

child age and gender, maternal age and education, having siblings and child outdoor play.  

*P < 0.05. 

** 95% CI does not encompass zero. 
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ABSTRACT 

Introduction  

This cross-sectional study aims to describe the objectively measured sedentary time (ST) and 

physical activity (PA) patterns of preschool children during the day, and to compare these 

patterns between non-overweight and overweight children. 

 

Methods  

Healthy children aged 3–6 years were recruited from urban preschools in Tianjin, China. Light 

PA (LPA), moderate-to-vigorous PA (MVPA), and ST of children were measured using 

ActiGraph accelerometry (at least 3 wearing days, more than 10 hours per day). Multiple 

adjusted, generally linear mixed models were used for statistical analysis. 

 

Results 

The time children (n = 134) spent in MVPA was 50.5 ± 17.1 min/day, and there were 28% of 

the children met the PA recommendation of one hour MVPA per day. Children were less active 

during recess (12:00–14:00) and afternoon (14:00–17:00), and more active during late 

afternoon (17:00–18:00) and evening (18:00–21:00). Between active and less active children, 

the difference of MVPA was highest in the evening (4.1 min/hour) and on weekends/holidays 

(42.7 min/day). Overweight children were more sedentary overall (44.6 min/day) compared to 

non-overweight children. 

 

Conclusion 

Chinese preschoolers have low levels of PA, especially during school days. Enhancing PA both 

in school and the home environment should be taken into consideration to prevent childhood 

obesity. 

 

Keywords: Sedentary behaviors; obesity; accelerometry; time segments 
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INTRODUCTION 

The increasing prevalence of childhood obesity has become one of the most important threats 

to public health worldwide. This is not only limited to high-income countries but is also 

increasingly found in low- and middle-income countries [1]. Data from the China Health and 

Nutrition Survey showed that the prevalence of overweight and obesity increased in boys and 

girls between 1997 and 2011, from 6.5% to 15.5% in boys and from 4.6% to 10.4% in girls [2]. 

This trend was not only found in school children but also in preschoolers (aged 3–6 years old). 

For example, the prevalence of obesity in Tianjin preschoolers increased from 8.8% in 2006 to 

10.1% in 2010, and then remained stable until 2014 among children aged 5–6 years old [3]. 

Chinese people are facing huge changes in the local environment due to the rapid economic 

development experienced over the past three decades. As a result of urbanization, citizens’ daily 

lives are accompanied by a lack of physical activity (PA), more sedentary lifestyles, and high-

caloric diets, all contributors to the rapid rise in obesity in China [4].   

 

The health benefits of sufficient PA during preschool years are increasingly being recognized 

[5]. In addition to preventing obesity, the promotion of PA also improves physical fitness, motor 

skills, and psychological development [6]. A lack of PA is also a growing problem in China 

nowadays. A systematic review summarized the levels of PA among Chinese children and 

adolescents, and found a low level of PA in most studies [7]. Half of the studies reported that 

less than 50% of the participants were able to meet the recommendation of one-hour moderate-

to-vigorous PA (MVPA) daily. However, none of these studies focused on preschoolers. The 

Chinese government has published PA recommendations for preschoolers in June 2018, it 

emphasized that preschoolers should accumulate 60 minutes MVPA per day [8]. To our 

knowledge, less known is about objectively measured PA patterns among preschoolers in 

mainland China.  

 

Given the widespread problem of physical inactivity, and the continued growth in the 

prevalence of childhood obesity, promotion of regular PA among young people has become a 

worldwide public-health priority [9]. Future efforts to effectively promote PA in young children 

through policy initiatives will depend on a full understanding of PA behavior in this age group. 

The patterns of PA and sedentary behaviors in preschoolers are still unclear, while the 

associations between objective measurement of PA and Body Mass Index (BMI) remain 

inconclusive [10]. Identifying periods during the day, which are characterized by high levels of 
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PA in some children and low levels in others, will help to identify key time slots for intervening 

and potentially changing PA behaviors [11]. Objective measurement of PA with accelerometry 

can provide a reliable and valid estimate of energy/calorie expenditure in preschoolers, as well 

as offer the opportunity to specify the PA pattern over the day using time-stamped data [12]. 

The aim of this cross-sectional study is to describe the objectively measured PA and sedentary 

behaviors of Chinese urban preschoolers during the day, and to compare the PA patterns of non-

overweight and overweight children.  

 

METHODS 

Study design 

Data were derived from the Physical Activity and Health in Tianjin Chinese Children study 

(PATH-CC), which focuses on identifying the relationship between environmental determinants, 

PA, and overweight in childhood in Tianjin, China. Tianjin is the fourth largest city in northern 

China with over 15 million residents in 2015. Preschools generally include 3- to 6-year-old 

children, and most of these children attend local preschools in the urban city. Four preschools, 

located in four different districts, were selected at random. Healthy children aged 3–6 years of 

age, growing up in Tianjin, were recruited in preschools using advertising posters. There were 

1031 preschool children, who, along with their parents, joined in the study from March to April 

2015. The participant rate was 93.7% of the total number of 1100 children in the recruited 

preschools. Written informed consent was obtained from parents, and the study was approved 

by the Medical Ethics Committee of the Tianjin Medical University and performed in 

accordance with the Declaration of Helsinki. 

 

Data collection  

All children (n = 1031) in the PATH-CC study were asked to join the physical activity 

measurement by recruitment letters to their parents. In total, 169 parent-child pairs responded 

to the invitation, of which 6 children dropped out. Accelerometry data of participants were 

collected from June to November 2015 in Tianjin, China. The height and weight of children 

were measured without shoes and in light clothes by trained school nurses. Standing height was 

measured using a stadiometer (to the nearest 0.1 cm, SZG-180, Shanghai Zhengdahengqi 

Company, Shanghai, China), and weight was measured using digital scale (to the nearest 0.01 

kg, TCS-60, Tianjin weighting apparatus, Tianjin, China). The standardized BMI (zBMI) of 

children was calculated using the LMS method; overweight and obesity were classified 
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according to the age- and gender-specific cut-offs of Cole and colleagues (2012) [13]. 

Educational level of the parents (low/middle education or higher education), ethnicity, and 

information about children’s napping in the afternoon were both addressed in questionnaires. 

Parents reported whether their children had a nap during the day, and the duration of napping 

on average, for school days as well as weekends/holidays. 

 

Sedentary time and physical activity  

Sedentary time (ST) and PA in children were assessed using ActiGraph GT3X (Actigraph, 

Pensacola, FL) accelerometry. Parents were instructed to have their child wear the ActiGraph 

on the iliac crest of the right hip with an elastic belt for seven days during all waking hours, 

except while bathing or swimming [14]. Data were collected using a frequency of 30 Hz. 

Collected data were analyzed in 15-second epochs. Non-wearing time of the ActiGraph was 

classified as a minimum length of 90 minutes, small window length 30 minutes, and with 2 

minutes of spike tolerance [15]. Cut-off points recommended by Butte and colleagues were 

used to calculate the time spent on ST (≤ 819 CPM), LPA (820 – 3907 CPM), moderate physical 

activity (3908 – 6111 CPM), vigorous physical activity (≥ 6112 CPM) and MVPA (≥ 3908 CPM) 

[16]. The valid wearing period was selected as being from 6:00 until midnight. For valid 

measurements in this study, wearing time had to be at least 600 minutes/day for at least three 

days, regardless of whether these were weekdays or weekend days. Time of day, weekday or 

weekend day, and season were obtained from the ActiGraph output. School days and 

weekends/holidays were defined according to the schedule of the local government; data were 

not collected during summer holidays.  

 

MVPA accrued in bouts was calculated, including sporadic sessions (1–4 minutes), short bouts 

(5–9 minutes, interruption periods of 1 minute), and medium-to-long bouts (≥ 10 minutes, 

interruption periods of 2 minutes). That is, participants were allowed an occasional rest period 

of 1 or 2 minutes respectively during the short and medium-to-long bouts of MVPA [17]. 

Another reason for allowing interruption periods is that no child had one time of medium-to-

long bouts per day without any interruption in this study, and only four children had one time 

of short bouts per day without any interruption. Bout frequency was calculated by total number 

of bouts performed on valid days divided by the number of valid days [18]. 
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The school schedule follows a five-day rotation in China, and lunch in school days for 

preschoolers between 11:00 and 12:00, followed by an obligatory resting time (nap time) until 

14:00 or 15:00. In this study, the activity levels per segment were calculated as mean minutes 

per hour; incomplete hours were excluded. The incomplete hours were mainly found between 

12:00 and 15:00 in nine children, since these children removed the ActiGraph for napping with 

an average of (105 ± 31) minutes according to parents’ reports. Furthermore, the activity levels 

per segment were calculated for school days and for weekends/holidays as well, separately. 

Incomplete hours were not imputed as missing data, because no difference for napping time 

was found between children wearing ActiGraphs or not, either on school days or on 

weekend/holidays (p > 0.05). Adherence to the PA guidelines was defined as at least 60 minutes 

of MVPA daily on average (with some measurement days exceeding the recommendation and 

some days not) according to the World Health Organization recommendation [19], as well as 

the Chinese PA guidelines for preschoolers [8]. As for the seasons, summer was defined as June 

to August and autumn was defined as September to November. Children were also divided into 

active and less active groups, based on the highest (58.2 minutes/day) and lowest (41.6 

minutes/day) tertile of MVPA per day, respectively.  

 

Statistical analysis 

To examine the distribution of PA and ST during the day and to identify which time slots 

differed from each other, a sensitivity analysis was performed, using repeated measures 

ANOVA with hours as dependent variables from 8:00 to 21:00, since children were not fully 

measured by the ActiGraph in the early morning (6:00–8:00) and late evening (21:00–24:00). 

To examine the differences in PA and ST of the children between school days and 

weekends/holidays, multiple linear mixed models, controlled for sex, age, and season, were 

performed, one for each segment and for the whole day (overall). School days and 

weekends/holidays were entered as fixed factors; gender was entered as a factor; age and season 

were entered as covariates; and the covariance type was set as unstructured. To compare active 

and less active children, and overweight and non-overweight children, multiple linear 

regressions were performed, one for each segment and one for the whole day, controlled for sex, 

age, and season. Dependent skewed variables were ln-transformed for linear regression. IBM 

SPSS Statistics 22 for Windows (SPSSInc., Chicago, IL) were used for this study, with test 

level α = 0.05, and analyses were conducted in 2018. 
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RESULTS 

A total of 163 children participated in the measurements of PA using ActiGraph accelerometry, 

and 134 children (82.2%) had valid data for analysis in this study. A flowchart of the participant 

recruitment is shown in Figure 1. The excluded children (n = 29) did not differ in terms of 

gender, age, and maternal educational levels (all p > 0.05) compared to the included children 

(n = 134). No significant differences were found between the total sample and the PA group for 

age, gender, BMI, ethnicity, and maternal educational levels. The time children spent in MVPA 

was 50.5 ± 17.1 minutes per day. The percentage of time spent in ST, LPA, and MVPA during 

a day was 60.8%, 32.6%, and 6.6%, respectively. The PA recommendation was met by 28% of 

children, and more boys (32%) than girls (22%) met the recommendation. During school days, 

22% of the children were able to meet the recommendation, and 47% on weekends/holidays. 

The descriptive characteristics of the children for the total PATH-CC sample and PA group are 

shown in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Flowchart of the participants from the PATH-CC study in this analysis.

Volunteers recruited from four 
preschools in Tianjin 

(n=1100) 

Children included in PATH 
(n=1031, 93.7%) 

Questionnaire, interview, and 
anthropometric measurement 

Physical activity measurement 
by Accelerometry (children 

volunteers, n=169) 

Drop out (n=6) 
ActiGraph was lost (n=1) 
Valid data less than 3 
days (n=28) 

Valid data of physical activity 
for analysis (n=134) 
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Table 1. Characteristics of the study population. 

Characteristics  
Total  

(n = 1031) 

Physical activity group  

(n = 134) 

Age (years) 4.8 ± 1.1 5.4 ± 0.9 

Boys 580 (56.3) 76 (56.7) 

Body Mass Index 15.2 (14.4; 16.3) 15.2 (14.5; 16.3) 

Obesity & overweight a 125 (12.2)  16 (11.9) 

Normal weight & underweight  901 (87.8) 118 (88.1) 

Ethnicity   

    Han  969 (94.0) 127 (94.8) 

    Non-Han  62 (6.0)  7 (5.2) 

Maternal education   

    Low/middle 144 (14.3)    25 (19.1) 

    High  862 (85.7) 106 (80.9) 

Sedentary time (min/day) - 468.7 ± 80.5 

Light physical activity (min/day) - 249.6 ± 44.1 

Moderate physical activity 

(min/day) 
-  38.0 ± 12.7 

Vigorous physical activity (min/day) - 12.5 ± 5.4 

Moderate and vigorous physical 

activity (min/day) 
-   50.5 ± 17.1 

Adherence to physical activity 

recommendation b 
- 37 (27.6) 

Data were presented as rates in N, and percentages as means with standard deviations, or, if 

data were skewed, as the median, along with the 25th to 75th percentile. 
a Overweight based on Z-scores Cole.  
b Moderate and vigorous physical activity, 60 min/day (with some measurement days exceeding 

the recommendation and some days not). 
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The percentage of time that children engaged in sporadic sessions (1–4 minutes), short bouts 

(5–9 minutes) and medium-to-long bouts (≥ 10 minutes) accounted for 31.4%, 12.7%, and 6.4%, 

respectively, of the total MVPA during a day. This means that 49.5% of the time in MVPA 

comprised of sporadic MVPA of less than one minute. A total of 7% of children engaged in at 

least one medium-to-long bout of MVPA on the average day, and 49% participated in at least 

one short bout of MVPA on the average day. During weekends/holidays, children showed a 

higher frequency of sporadic sessions [median and IQR, 12.0 (7.5, 17.0) bouts] compared to 

school days [median and IQR, 9.5 (6.6, 12.9) bouts, p < 0.05). Active children showed a higher 

frequency in bouts compared to less active children for all bout types (p < 0.05). There were no 

differences in bouts frequency between overweight and non-overweight children. These 

outcomes are shown in Table 2. 

 

Table 2. Characteristics of MVPA bouts of the study population. 

Bouts frequency (n/day) Medium-to-
long bout 

(IQR) 

Short bout 
(IQR) 

Sporadic sessions 
(IQR) 

Physical activity group (n = 134) 0.2 (0.0, 0.5) 0.9 (0.3, 1.6) 9.8 (7.2, 14.1) 

During schooldays (n = 134) 0.2 (0.0, 0.5) 0.8 (0.3, 1.5) 9.5 (6.6, 12.9) 

During weekend/holidays (n = 107) 0.0 (0.0, 0.5) 1.0 (0.0, 2.3) 12.0 (7.5, 17.0)a 

Overweight children (n = 16) 0.3 (0.0, 0.4) 0.6 (0.2, 1.4) 9.2 (4.9, 14.7) 

Non-overweight children (n = 118) 0.2 (0.0, 0.5) 0.9 (0.3, 1.6) 9.9 (7.3, 14.1) 

Active children (n = 44) 0.5 (0.2, 0.9)b 1.8 (1.0, 2.5)b 15.4 (13.2, 17.5)b 

Less active children (n = 44) 0.0 (0.0, 0.2) 0.3 (0.1, 0.8) 6.5 (4.1, 7.7) 

Data for bouts frequency of MVPA are presented as the median in number/day, along with the 

25th and 75th percentiles.  
a p < 0.05; derived from Mann-Whitney U test assessing whether differences of bouts frequency 

between schooldays and weekend/holidays. 
b p < 0.05; derived from Mann-Whitney U test assessing whether differences of bouts frequency 

between active children and less active children. 
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Distribution of ST and PA during the day  

Time segments were chosen based on sensitivity analysis and Chinese children’s daily 

schedules. The results of sensitivity analysis on the division of hours showed that there were 

significant differences between 8:00 and 9:00, 9:00 and 10:00, and 10:00 and 11:00 for LPA. 

However, those segments were not significantly different for ST and MVPA; therefore, these 

segments were combined as morning (8:00–11:00). The segments of 12:00–13:00 and 13:00–

14:00 were combined as recess (12:00–14:00) since most of children would have a nap at school 

during this period on school days. According to parents’ reports, 105 children (78%) had nap 

with an average of (108 ± 29) minutes in school days, and 81 children (60%) had nap with an 

average of (108 ± 38) minutes during weekends/holidays. Furthermore, there were no 

significant differences for ST, LPA, and MVPA between the segments of 14:00–15:00 and 

15:00–16:00, and also no significant differences for MVPA between 15:00–16:00 and 16:00–

17:00; therefore, these segments were combined as afternoon (14:00–17:00). There were no 

significant differences for ST, LPA, and MVPA between the segments of 18:00–19:00 and 

19:00–20:00, and also no significant differences for MVPA between 19:00–20:00 and 20:00–

21:00; therefore, these segments were combined as evening (18:00–21:00). Finally, six time 

segments were used in this study for describing the distribution of ST and PA during the day, 

including morning (8:00–11:00), lunch (11:00–12:00), recess (12:00–14:00), afternoon (14:00–

17:00), late afternoon (17:00–18:00) and evening (18:00–21:00). 

 

Figure 2 shows the median, the 25th and 75th percentile, and the minimum and maximum for 

ST, LPA, and MVPA per time segment. A main effect for differences between segments over 

the day was found for ST, LPA, and MVPA (F(6) = 81.2, p = 0.000; F(6) = 60.4, p = 0.000; F(6) 

= 90.3, p = 0.000, respectively). The contrasts for ST, LPA, and MVPA showed significant 

differences between all segments (p < 0.05). The time children spent being sedentary was 

highest during recess (12:00–14:00) and afternoon (14:00–17:00), which accounted for 46% of 

total ST daily on school days (40% of total ST daily on weekends/holidays). The time spent 

being sedentary was lowest in the late afternoon (17:00–18:00), and it increased again in the 

evening (18:00–21:00). The time children spent in LPA was lowest around recess (12:00–14:00), 

and increased from afternoon (14:00–17:00) to late afternoon (17:00–18:00), while in the 

evening it decreased again. The time children spent in MVPA was lowest around recess (12:00–

14:00) and highest in late afternoon (17:00–18:00). During school days, the time children spent 

in MVPA during recess and afternoon (12:00–17:00) only accounted for 20% of total MVPA 
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daily, but the late afternoon and evening (17:00–21:00) accounted for 52% of the total MVPA. 

 

 

 

Figure 2. Daily physical activity patterns per time segment. 

 

Moderate to vigorous physical activity (MVPA), light physical activity (LPA), and sedentary 

time (ST) are given per time segment with the median, the 25th and 75th percentile, and 

minimum and maximum. All time segments differed significantly (p < 0.05).
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Median: 37.1 20.2 2.6 34.4 22.0 3.6 42.6 15.3 2.4 39.3 17.7 2.4 26.9 25.0 7.2 32.4 22.6 4.8 
     25th: 30.9 17.2 1.6 29.9 18.2 2.3 34.3 7.9 0.8 35.4 14.7 1.6 23.3 22.7 4.6 28.1 18.3 3.4 
     75th: 40.8 25.0 4.1 38.5 25.2 5.1 50.8 21.6 3.7 43.1 20.5 3.9 31.7 28.0 10.1 37.7 25.1 6.7 
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School days compared to weekends/holidays  

During school days, children showed more ST (51.3 min/day), less LPA (45.4 min/day), and 

less MVPA (13.5 min/day) for the whole day (overall) compared to weekends/holidays. Data 

per segments indicated that children were more sedentary in daytime for each segment (8:00–

17:00) compared to weekends/holidays, and the largest difference for more time spent on ST 

was found during recess (12:00–14:00, Mdiff = 15.2 min/hour); however, children were more 

active for MVPA (Mdiff = 3.1 min/hour) during late afternoon (17:00–18:00) on school days 

compared to weekends/holidays (Figure 3). No difference was found in the evening (18:00–

21:00). In total, boys spent more time in MVPA (Mdiff = 6.9 min/day, p = 0.021) than girls, the 

largest difference was during weekends/holidays (Mdiff = 10.1 min/day, p = 0.020). These 

outcomes are shown in Table S1. 

 

 

 

Figure 3. Daily physical activity patterns for school days and holidays. 

Moderate to vigorous physical activity (MVPA), light physical activity (LPA), and sedentary 

time (ST) are given per time segment for school days and weekends/holidays, with the mean per 

behavior and per group. Only the evening (18:00–21:00) showed no significant differences for 

ST, LPA, and MVPA between school days and weekends/holidays (p > 0.05). P-values are based 

on linear mixed models and adjusted for sex, age, and season. Statistical testing for MVPA was 

performed using Ln-transformed MVPA. 
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Active children compared to less active children 

When comparing active children to less active children, active children showed less ST (58.5 

min/day), more LPA (57.3 min/day) and MVPA (37.3 min/day) for the whole day (overall) 

compared to less active children. Data per segments indicated that all segments throughout the 

day differed significantly for ST, LPA, and MVPA (p < 0.05), except for ST (17:00–18:00), and 

LPA (11:00–12:00, 17:00–18:00). The largest difference in time spent on MVPA per segment 

was found in the evening (18:00–21:00, 4.1 min/hour), between active and less active children, 

as shown in Figure 4. When the PA outcomes were separated into school days and 

weekends/holidays, this showed that the difference in time spent overall on MVPA between 

active and less active children was higher during weekends/holidays (42.7 min/day) compared 

to school days (32.9 min/day). These outcomes are shown in Table S2. 

 

 
 

Figure 4. Daily physical activity patterns for active children and less active children. 

Moderate to vigorous physical activity (MVPA), light physical activity (LPA), and sedentary 

time (ST) are given per time segment for active children and less active children, with the mean 

per behavior and per group. Only the segments of lunch (11:00–12:00) and late afternoon 

(17:00–18:00) for LPA, and the segment of late afternoon for ST showed no significant 

differences between active children and less active children (p > 0.05). P-values are based on 

linear mixed models and adjusted for sex, age, and season. Statistical testing for MVPA was 

performed using Ln-transformed MVPA. 
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Non-overweight children compared to overweight children 

There were no differences in overall LPA and MVPA between overweight and non-overweight 

children. However, overweight children showed more ST overall compared to non-overweight 

children (44.6 min/day), especially in the morning (8:00–11:00, 3.6 min/hour) and lunch 

(11:00–12:00, 4.8 min/hour) and in the late afternoon (17:00–18:00, 4.9 min/hour), as shown 

in Figure 5. On school days, overweight children showed less time in LPA in the morning (2.9 

min/hour) and evening (3.0 min/hour), and were more sedentary in the late afternoon (4.6 

min/hour) compared to non-overweight children. During weekends/holidays, overweight 

children showed more ST (6.3 min/hour) in the morning, at the cost of less LPA (5.1 min/hour), 

compared to non-overweight children (Table S3). 

 

 
 

Figure 5. Daily physical activity patterns for overweight and non-overweight children. 

Moderate to vigorous physical activity (MVPA), light physical activity (LPA), and sedentary 

time (ST) are given per time segment for overweight and non-overweight children, with the 

mean per behavior and per group. Only the segments of morning (8:00–11:00) and lunch 

(11:00–12:00) for LPA and ST, and the segment of late afternoon (17:00–18:00) for MVPA, LPA, 

and ST showed significant differences between overweight and non-overweight children (p < 

0.05). P-values are based on linear mixed models and adjusted for sex, age, and season. 

Statistical testing for MVPA was performed using Ln-transformed MVPA. 
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DISCUSSION 

Examining time-segment-specific patterns in objectively measured PA is helpful for effective 

PA promotion in children [20]. In order to find the time segments, in which interventions aiming 

to increase the PA levels in Chinese preschoolers might enjoy the most success, different 

approaches were followed in this study. A low level of PA was found among Chinese 

preschoolers in this study, especially during afternoons in the school environment. Active 

children are more active than less active children outside of school hours. Children are more 

sedentary during school days compared to weekends/holidays, and overweight children are 

even more sedentary both on school days and weekends/holidays compared to non-overweight 

children.  

 

This study indicated that, compared to weekends/holidays, patterns of preschoolers’ activity 

during a day in school were more variable with more peaks and troughs. This pattern was also 

found in British and Belgian preschoolers, which were characterized by structured routine 

timetables and scheduled recesses [11,21]. For Chinese preschoolers, during school days, the 

percentage (22%) of children who met the PA recommendation was much lower than a 

worldwide systematic review reported (54%, N = 10,316, aged 2–6 years) [22]. The increased 

time spent on indoor activities and the lack of opportunities for outside play often comes at the 

price of time for PA, partly due to air pollution there is less opportunity for outdoor physical 

activities in Chinese children [23]. Therefore, classroom-based PA interventions such as 

physically active academic lessons, or providing children more opportunity for structured 

physical activities indoors are recommended [24]. In addition, perhaps to reduce the long 

duration of napping would be possible for children to gain the opportunity to be active, since 

cancel napping would not be culturally acceptable in China. Furthermore, literature showed that 

daytime naps increased sleep problems [25,26], for example, longer nap durations were found 

to be related to later bed time on the corresponding night in Japanese toddlers (2–5 years old) 

[27]. In nowadays Chinese urban cities, most preschools perform the similar timetables and 

scheduled recess (at school) for children, thus, implications from this study could also be 

considered by other cities. Effective school policies and programs are needed in China in order 

to fight the growing epidemic of physical inactivity and obesity; strong support from local 

governments is paramount [28]. 
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Between less active and more active children, i.e. the lowest and highest tertile of MVPA, the 

largest differences in MVPA were found outside of school hours. For example, active children 

spent 4.1 min/hour more on MVPA in the evening on an average day, and spent 42.7 min/day 

more in MVPA during weekend/holidays than less active children. Thus, weekends/holidays or 

during after-school hours on school days may be a critical period for promotion of PA at 

preschool age, especially for less active children. We assume that transport and leisure time 

activities might play an important role in urban preschoolers’ activity, and large improvements 

in PA would be gained if active commuting and sufficient active leisure-time opportunities were 

embedded in their daily life. Therefore, the weekends might be a good time for improving PA 

in less active children, since it would then be possible for parents to support children’s activities 

efficiently by having enough time. PA-promotion strategies targeting low active children may 

be effectuated via parents’ support at home and in neighborhood community groups [29-31]. 

Health education for parents is needed, both in order to learn how important adequate PA is for 

a child’s health and development, as well as to learn strategies for stimulating children’s PA 

[32]. 

 

This study showed that compared to non-overweight children, overweight children were more 

sedentary overall (44.6 min/day) and spent less time on LPA in the morning (3.6 min/hour), 

lunch (4.8 min/hour) and late afternoon (4.9 min/hour). A systematic review found moderate 

evidence for the association between television viewing and overweight in preschoolers [33]. 

One study in China indicated that sedentary behaviors might be positively and independently 

related to fat mass among Chinese children [34]. While the cross-sectional nature of this study 

does not allow for any conclusions vis-à-vis cause and effect, our findings are consistent with 

the hypothesis that ST or LPA constitutes a major contributing factor in the development and 

continuation of childhood obesity [35]. This study indicated that interventions should focus on 

both the promotion of PA and the limitation of ST. Both the school and home environments 

should be taken into consideration in order to promote an effective intervention. Parents’ 

involvement is essential [36,37].  

 

Limitations 

This study has some limitations. Firstly, children included in this study were volunteers and 

derived from a random sample in a large city in China. Further studies are needed to confirm 

the results in larger sample sizes. Secondly, the participating parents were well-educated, since 
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young parents that finished college/university are common in Chinese large urban cities 

nowadays, e.g. Beijing, Shanghai or Tianjin. Thirdly, not all children covered all segments 

during the day. However, the results were comparable when only children who covered all 

segments during the day were included. Furthermore, it is unknown how these results would 

translate to other populations in a different part of the world, since different cultures effecting 

different cultural habits and different school schedules play an important role in children’s 

activity patterns. 

 

CONCLUSION 

As far as is known, this is the first study that has examined PA patterns during the day using 

ActiGraph along with time-stamped data in Chinese preschoolers. This study showed that 

Chinese preschoolers have low levels of PA, especially during school days, and overweight 

children are more sedentary. In this preschool age group longer bouts of MVPA are rare, but 

smaller bouts are common and differ greatly between active and inactive children. Results of 

this study indicated that enhancing PA both in school and in the home environment should be 

taken into consideration to prevent childhood obesity. Preschools could provide children with 

more opportunities to be active in the afternoon. For less active children, the weekends might 

be a possible time to enhance their PA, and a suitable way to promote PA should be taken into 

consideration by their parents. Strong support from local governments in terms of effective 

school policies and building a neighborhood around active living is essential. 
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Appendix 5.1 

Table S1-1. Comparison of PA patterns during the day between schooldays and 

weekends/holidays. 

Segment School days (n = 134) Holidays (n = 107) p-value 

ST 8:00–11:00 37.4 [36.1; 38.7] 31.4 [29.9; 32.9] 0.000 

ST 11:00–12:00 36.7 [35.1; 38.3] 30.1 [28.4; 31.7] 0.000 

ST 12:00–14:00 48.5 [46.5; 50.5] 33.3 [31.4; 35.3] 0.000 

ST 14:00–17:00 41.3 [40.0; 42.6] 34.2 [32.7; 35.7] 0.000 

ST 17:00–18:00 25.9 [24.4; 27.4] 30.8 [29.1; 32.5] 0.000 

ST 18:00–21:00 32.3 [31.0; 33.7] 31.9 [30.4; 33.4] 0.661 

ST overall 478.9 [464.3; 493.4] 427.6 [411.3; 443.8] 0.000 

LPA 8:00–11:00 20.0 [19.0; 21.1] 23.9 [22.7; 25.1] 0.000 

LPA 11:00–12:00 19.7 [18.5; 20.9] 25.2 [23.9; 26.4] 0.000 

LPA 12:00–14:00 9.9 [8.3; 11.6] 22.2 [20.6; 23.8] 0.000 

LPA 14:00–17:00 16.6 [15.6; 17.6] 21.0 [19.8; 22.2] 0.000 

LPA 17:00–18:00 25.8 [24.7; 26.9] 24.0 [22.7; 25.2] 0.032 

LPA 18:00–21:00 22.2 [21.2; 23.2] 22.9 [21.8; 24.0] 0.379 

LPA overall 238.7 [230.4; 247.1] 284.1 [274.8; 293.4] 0.000 

MVPA 8:00–11:00 2.2 (1.2 – 3.4) 4.0 (2.1 – 6.0) 0.000 

MVPA 11:00–12:00 3.0 (1.9 – 4.5) 3.5 (2.0 – 6.8) 0.032 

MVPA 12:00–14:00 0.6 (0.1 – 2.5) 4.0 (2.4 – 5.8) 0.000 

MVPA 14:00–17:00 1.8 (1.1 – 2.7) 3.8 (1.8 –7.2) 0.000 

MVPA 17:00–18:00 7.4 (4.9 – 11.2) 4.1 (1.8 – 7.3) 0.000 

MVPA 18:00–21:00 4.9 (3.2 – 7.2) 4.6 (2.8 – 6.9) 0.137 

MVPA overall 47.4 [44.0; 50.8] 60.9 [57.1; 64.7] 0.000 

Data for sedentary time (ST) overall, light physical activity (LPA) overall and moderate-to-

vigorous physical activity (MVPA) overall are presented as the mean in minutes/day and with a 

95% confidence interval. Data for each segment of ST and LPA per segment are presented as 

the mean in minutes/hour and with a 95% confidence interval. Data for MVPA per segment are 

presented as the median in minutes/hour, along with the 25th and 75th percentiles. P-values are 

based on linear mixed models and adjusted for sex, age, and season. Statistical testing for 

MVPA per segment was performed using Ln-transformed MVPA. 
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Table S1-2. Comparison of PA patterns during the day between boys and girls on school days. 

Segment Boys (n = 76) Girls (n = 58) p-value 

ST 8:00–11:00 37.1[35.7; 38.6] 37.8[36.1; 39.5] 0.544 

ST 11:00–12:00 36.8 [35.0; 38.6] 36.5 [34.4; 38.7] 0.828 

ST 12:00–14:00 45.5 [43.2; 47.8] 46.3 [43.6; 49.0] 0.630 

ST 14:00–17:00 41.0 [39.8; 42.1] 41.7 [40.3; 43.0] 0.433 

ST 17:00–18:00 26.8 [25.2; 28.4] 24.7 [22.8; 26.5] 0.081 

ST 18:00–21:00 32.4 [30.7; 34.1] 32.2 [30.3; 34.1] 0.864 

ST overall 479.1 [459.6; 498.6] 478.5 [456.3; 500.8] 0.969 

LPA 8:00–11:00 20.2 [19.0; 21.4] 19.8 [18.4; 21.2] 0.641 

LPA 11:00–12:00 19.4 [18.1; 20.7] 20.2 [18.6; 21.8] 0.438 

LPA 12:00–14:00 12.6 [10.6; 14.5] 11.9 [9.5; 14.2] 0.638 

LPA 14:00–17:00 16.9 [15.9; 17.8] 16.2 [15.1; 17.3] 0.394 

LPA 17:00–18:00 24.7 [23.6; 25.8] 27.2 [25.9; 28.5] 0.004 

LPA 18:00–21:00 21.9 [20.7; 23.2] 22.6 [21.2; 24.0] 0.489 

LPA overall 240.2 [230.5; 249.9] 236.9 [225.7; 248.0] 0.657 

MVPA 8:00–11:00 2.4 (1.3 – 3.7) 2.0 (1.2 – 3.3) 0.350 

MVPA 11:00–12:00 3.0 (2.1 – 4.6) 3.0 (1.5 – 4.5) 0.550 

MVPA 12:00–14:00 1.5 (0.5 – 2.9) 0.9 (0.5 – 2.3) 0.357 

MVPA 14:00–17:00 1.9 (1.0 – 2.9) 1.7 (1.2 – 2.5) 0.620 

MVPA 17:00–18:00 8.1 (4.2 – 11.5) 7.3 (5.4 – 11.2) 0.750 

MVPA 18:00–21:00 4.9 (3.0 – 7.7) 4.8 (3.6 – 6.6) 0.758 

MVPA overall 49.7 [46.0; 53.4] 44.4 [40.2; 48.7] 0.101 

Data for sedentary time (ST) overall, light physical activity (LPA) overall and moderate-to-

vigorous physical activity (MVPA) overall are presented as the mean in minutes/day and with a 

95% confidence interval. Data for each segment of ST and LPA per segment are presented as 

the mean in minutes/hour and with a 95% confidence interval. Data for MVPA per segment are 

presented as the median in minutes/hour, along with the 25th and 75th percentiles. P-values are 

based on t-test and Mann-Whitney U test.  
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Table S1-3. Comparison of PA patterns during the day between boys and girls on 

weekends/holidays. 

Segment Boys (n = 76) Girls (n = 58) p-value 

ST 8:00–11:00 30.7 [28.3; 33.0] 32.3 [29.5; 35.1] 0.374 

ST 11:00–12:00 29.5 [27.1; 31.9] 30.9 [28.0; 33.7] 0.478 

ST 12:00–14:00 32.1 [29.7; 34.5] 35.0 [32.2; 37.8] 0.124 

ST 14:00–17:00 34.1 [31.4; 36.9] 34.3 [31.2; 37.4] 0.945 

ST 17:00–18:00 30.8 [28.1; 33.5] 30.9 [27.8; 34.0] 0.983 

ST 18:00–21:00 30.0 [27.9; 32.2] 34.3 [31.8; 36.7] 0.011 

ST overall 418.4 [396.7; 440.0] 439.7 [414.8; 464.7] 0.203 

LPA  8:00–11:00 24.3 [22.5; 26.1] 23.4 [21.2; 25.5] 0.516 

LPA 11:00–12:00 26.0 [24.1; 27.9] 24.0 [21.8; 26.3] 0.196 

LPA 12:00–14:00 23.4 [21.4; 25.3] 20.5 [18.3; 22.8] 0.058 

LPA 14:00–17:00 20.8 [18.7; 22.9] 21.3 [18.9; 23.7] 0.746 

LPA 17:00–18:00 23.6 [21.6; 25.7] 24.4 [22.0; 26.7] 0.650 

LPA 18:00–21:00 24.1 [22.4; 25.7] 21.4 [19.5; 23.3] 0.037 

LPA overall 295.0 [281.2; 308.8] 269.7 [253.8; 285.6] 0.019 

MVPA 8:00–11:00 4.3 (2.3 – 6.1) 3.9 (1.8 – 5.8) 0.416 

MVPA 11:00–12:00 3.5 (2.0 – 6.2) 3.8 (1.8 – 8.0) 0.646 

MVPA 12:00–14:00 4.1 (2.4 – 5.9) 3.9 (1.8 – 5.7) 0.643 

MVPA 14:00–17:00 4.3 (1.9 – 7.5) 3.2 (1.7 – 6.7) 0.471 

MVPA 17:00–18:00 5.0 (2.0 – 7.7) 3.3 (1.7 – 7.0) 0.411 

MVPA 18:00–21:00 5.3 (3.3 – 8.3) 3.9 (2.2 – 5.3) 0.007 

MVPA overall 65.3 [59.3; 71.2] 55.1 [48.3; 62.0] 0.020 

Data for sedentary time (ST) overall, light physical activity (LPA) overall and moderate-to-

vigorous physical activity (MVPA) overall are presented as the mean in minutes/day and with a 

95% confidence interval. Data for each segment of ST and LPA per segment are presented as 

the mean in minutes/hour and with a 95% confidence interval. Data for MVPA per segment are 

presented as the median in minutes/hour, along with the 25th and 75th percentiles. P-values are 

based on t-test and Mann-Whitney U test.  
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Appendix 5.2 

Table S2-1. Comparison of PA patterns during the day between active and less active children. 

Segment Active (n = 44) Less active (n = 44) p-value 

ST 8:00–11:00 32.9 [31.2; 34.6] 40.1 [38.3; 41.8] 0.000 

ST 11:00–12:00 32.8 [30.6; 35.0] 36.7 [34.5; 38.9] 0.015 

ST 12:00–14:00 37.8 [34.7; 40.9] 44.9 [41.8; 48.0] 0.002 

ST 14:00–17:00 35.7 [34.1; 37.3] 42.0 [40.3; 43.6] 0.000 

ST 17:00–18:00 26.8 [24.8; 28.8] 28.5 [26.5; 30.5] 0.226 

ST 18:00–21:00 28.0 [26.4; 29.6] 36.8 [35.2; 38.4] 0.000 

ST overall 437.4 [413.3; 461.4] 495.8 [471.8; 519.9] 0.001 

LPA 8:00–11:00 22.8 [21.4; 24.3] 18.1 [16.7; 19.6] 0.000 

LPA 11:00–12:00 22.2 [20.5; 23.9] 20.3 [18.5; 22.0] 0.114 

LPA 12:00–14:00 18.0 [15.4; 20.5] 13.3 [10.7; 15.9] 0.013 

LPA 14:00–17:00 19.8 [18.4; 21.2] 16.3 [15.0; 17.7] 0.001 

LPA 17:00–18:00 24.7 [23.2; 26.2] 25.6 [24.1; 27.2] 0.388 

LPA 18:00–21:00 24.5 [23.2; 25.8] 19.8 [18.5; 21.1] 0.000 

LPA overall 277.3 [265.5; 289.1] 219.9 [208.1; 231.7] 0.000 

MVPA 8:00–11:00 4.6 (3.0 – 5.8) 1.7 (1.2 – 2.4) 0.000 

MVPA 11:00–12:00 4.8 (3.4 – 6.3) 2.2 (1.5 – 3.2) 0.000 

MVPA 12:00–14:00 3.7 (2.6 – 6.0) 0.9 (0.4 – 2.8) 0.000 

MVPA 14:00–17:00 4.6 (2.7 – 5.5) 1.6 (1.1 – 2.2) 0.000 

MVPA 17:00–18:00 7.8 (5.0 – 11.5) 5.4 (2.9 – 7.9) 0.002 

MVPA 18:00–21:00 7.3 (5.6 – 9.5) 3.2 (2.2 – 4.3) 0.000 

MVPA overall 69.8 [67.1; 72.5] 32.5 [29.8; 35.2] 0.000 

Data for sedentary time (ST) overall, light physical activity (LPA) overall and moderate-to-

vigorous physical activity (MVPA) overall are presented as the mean in minutes/day and with a 

95% confidence interval. Data for each segment of ST and LPA per segment are presented as 

the mean in minutes/hour and with a 95% confidence interval. Data for MVPA per segment are 

presented as the median in minutes/hour, along with the 25th and 75th percentiles. P-values are 

based on linear mixed models and adjusted for sex, age, and season. Statistical testing for 

MVPA per segment was performed using Ln-transformed MVPA. 
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Table S2-2. Comparison of PA patterns during the day between active and less active children 

on school days. 

Segment Active (n = 44) Less active (n = 44) p-value 

ST 8:00–11:00 34.7 [32.9; 36.5] 40.9 [39.1; 42.7] 0.000 

ST 11:00–12:00 36.0 [33.4; 38.5] 39.2 [36.5; 41.8] 0.084 

ST 12:00–14:00 42.9 [39.7; 46.1] 47.6 [44.3; 50.8] 0.044 

ST 14:00–17:00 39.0 [37.4; 40.6] 43.2 [41.6; 44.8] 0.000 

ST 17:00–18:00 25.2 [23.0; 27.5] 27.2 [25.0; 29.5] 0.217 

ST 18:00–21:00 27.8 [25.9; 29.6] 36.0 [34.2; 37.9] 0.000 

ST overall 453.0 [427.1; 478.9] 504.4 [478.5; 530.3] 0.006 

LPA 8:00–11:00 21.6 [20.1; 23.2] 17.4 [15.9; 19.0] 0.000 

LPA 11:00–12:00 19.8 [18.0; 21.7] 18.1 [16.2; 20.0] 0.196 

LPA 12:00–14:00 14.1 [11.3; 16.9] 11.4 [8.6; 14.2] 0.173 

LPA 14:00–17:00 18.1 [16.7; 19.4] 15.4 [14.1; 16.8] 0.007 

LPA 17:00–18:00 25.1 [23.5; 26.6] 26.3 [24.7; 27.9] 0.261 

LPA 18:00–21:00 24.7 [23.1; 26.2] 20.4 [18.9; 22.0] 0.000 

LPA overall 263.8 [252.1; 275.5] 212.0 [200.3; 223.6] 0.000 

MVPA 8:00–11:00 3.4 (2.3 – 5.1) 1.4 (0.9 – 2.2) 0.000 

MVPA 11:00–12:00 4.1 (2.1 –5.5) 2.1 (1.3 – 3.0) 0.006 

MVPA 12:00–14:00 2.1 (0.8 – 4.9) 0.6 (0.4 –1.5) 0.001 

MVPA 14:00–17:00 2.5 (1.5 – 3.9) 1.2 (0.7 – 2.0) 0.000 

MVPA 17:00–18:00 8.5 (5.3 – 14.2) 5.6 (3.5 – 10.0) 0.003 

MVPA 18:00–21:00 7.1 (5.5 – 9.6) 3.4 (2.2 – 4.8) 0.000 

MVPA overall 64.3 [61.2; 67.4] 31.4 [28.3; 34.5] 0.000 

Data for sedentary time (ST) overall, light physical activity (LPA) overall and moderate-to-

vigorous physical activity (MVPA) overall are presented as the mean in minutes/day and with a 

95% confidence interval. Data for each segment of ST and LPA per segment are presented as 

the mean in minutes/hour and with a 95% confidence interval. Data for MVPA per segment are 

presented as the median in minutes/hour, along with the 25th and 75th percentiles. P-values are 

based on linear mixed models and adjusted for sex, age, and season. Statistical testing for 

MVPA per segment was performed using Ln-transformed MVPA. 
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Table S2-3 Comparison of PA patterns during the day between active and less active children 

on weekends/holidays. 

Segment Active (n = 44) Less active (n = 44) p-value 

ST 8:00–11:00 26.0 [23.4; 28.6] 35.3 [32.3; 38.4] 0.000 

ST 11:00–12:00 28.6 [25.7; 31.6] 31.4 [27.9; 35.0] 0.228 

ST 12:00–14:00 31.5 [28.6; 34.4] 33.9 [30.4; 37.4] 0.304 

ST 14:00–17:00 30.5 [27.1; 33.9] 36.5 [32.6; 40.4] 0.024 

ST 17:00–18:00 30.3 [27.0; 33.7] 32.6 [28.6; 36.5] 0.387 

ST 18:00–21:00 28.0 [25.5; 30.5] 37.8 [34.9; 40.7] 0.000 

ST overall   394.0 [367.9; 420.0]   451.2 [421.0; 481.4] 0.006 

LPA 8:00–11:00 27.1 [25.1; 29.2] 21.9 [19.4; 24.3] 0.002 

LPA 11:00–12:00 25.5 [23.2; 27.8] 24.8 [22.0; 27.6] 0.697 

LPA 12:00–14:00 22.8 [20.5; 25.1] 22.7 [19.9; 25.4] 0.946 

LPA 14:00–17:00 22.6 [19.9; 25.2] 20.3 [17.2; 23.4] 0.271 

LPA 17:00–18:00 24.1 [21.6; 26.7] 23.6 [20.5; 26.6] 0.762 

LPA 18:00–21:00 24.9 [22.9; 27.0] 19.3 [16.9; 21.7] 0.001 

LPA overall   310.0 [293.9; 326.1]   258.0 [239.3; 276.6] 0.000 

MVPA 8:00–11:00 5.6 (4.1 – 8.3) 1.9 (1.5 – 4.3) 0.000 

MVPA 11:00–12:00 5.6 (3.4 – 8.0) 2.2 (1.6 – 3.5) 0.001 

MVPA 12:00–14:00 1.5 (1.3 – 2.0) 1.0 (0.5 – 1.5) 0.006 

MVPA 14:00–17:00 7.3 (3.6 – 9.2) 2.4 (1.3 – 4.1) 0.000 

MVPA 17:00–18:00 5.0 (2.8 – 7.7) 2.3 (1.5 – 5.4) 0.017 

MVPA 18:00–21:00 5.7 (4.3 – 9.2) 2.5 (1.6 – 3.9) 0.000 

MVPA overall 81.9 [76.8; 87.0] 39.2 [33.3; 45.1] 0.000 

Data for sedentary time (ST) overall, light physical activity (LPA) overall and moderate-to-

vigorous physical activity (MVPA) overall are presented as the mean in minutes/day and with a 

95% confidence interval. Data for each segment of ST and LPA per segment are presented as 

the mean in minutes/hour and with a 95% confidence interval. Data for MVPA per segment are 

presented as the median in minutes/hour, along with the 25th and 75th percentiles. P-values are 

based on linear mixed models and adjusted for sex, age, and season. Statistical testing for 

MVPA per segment was performed using Ln-transformed MVPA. 
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Appendix 5.3 

Table S3-1. Comparison of PA patterns during the day between non-overweight children and 

overweight children. 

Segment Non-overweight (n = 

118) 

Overweight (n = 16) p-value 

ST 8:00–11:00 35.9 [34.8; 37.0] 39.5 [36.5; 42.5] 0.029 

ST 11:00–12:00 33.7 [32.5; 34.9] 38.5 [35.2; 41.8] 0.009 

ST 12:00–14:00 41.6 [39.7; 43.6] 42.8 [37.6; 48.0] 0.680 

ST 14:00–17:00 39.5 [38.4; 40.5] 38.7 [35.8; 41.7] 0.654 

ST 17:00–18:00 26.5 [25.4; 27.7] 31.4 [28.3; 34.6] 0.005 

ST 18:00–21:00 32.5 [31.3; 33.8] 34.0 [30.7; 37.2] 0.427 

ST overall 463.3 [448.9; 477.8] 508.0 [468.6; 547.3] 0.037 

LPA 8:00–11:00 21.1 [20.2; 22.0] 17.9 [15.4; 20.4] 0.016 

LPA 11:00–12:00 22.2 [21.3; 23.2] 18.3 [15.7; 20.9] 0.006 

LPA 12:00–14:00 15.4 [13.8; 17.1] 14.6 [10.3; 18.9] 0.726 

LPA 14:00–17:00 17.7 [16.8; 18.5] 18.0 [15.7; 20.3] 0.760 

LPA 17:00–18:00 25.6 [24.8; 26.5] 22.9 [20.5; 25.3] 0.034 

LPA 18:00–21:00 22.2 [21.3; 23.1] 20.2 [17.8; 22.6] 0.129 

LPA overall 251.5 [243.5; 259.5] 235.5 [213.7; 257.2] 0.172 

MVPA 8:00–11:00 2.6 (1.7 – 4.2) 2.2 (1.4 – 3.7) 0.498 

MVPA 11:00–12:00 3.6 (2.3 – 5.3) 3.4 (2.0 – 4.2) 0.329 

MVPA 12:00–14:00 2.3 (0.8 – 3.9) 2.6 (0.9 – 3.0) 0.792 

MVPA 14:00–17:00 2.4 (1.6 – 3.8) 2.2 (1.7 – 5.1) 0.511 

MVPA 17:00–18:00 7.4 (4.9 – 10.4) 5.0 (3.9 – 7.6) 0.039 

MVPA 18:00–21:00 4.8 (3.3 – 6.8) 4.8 (4.2 – 6.3) 0.411 

MVPA overall 50.5 [47.4; 53.6] 50.4 [41.9; 58.9] 0.985 

Data for sedentary time (ST) overall, light physical activity (LPA) overall and moderate-to-

vigorous physical activity (MVPA) overall are presented as the mean in minutes/day and with a 

95% confidence interval. Data for each segment of ST and LPA per segment are presented as 

the mean in minutes/hour and with a 95% confidence interval. Data for MVPA per segment are 

presented as the median in minutes/hour, along with the 25th and 75th percentiles. P-values are 

based on linear mixed models and adjusted for sex, age, and season. Statistical testing for 

MVPA per segment was performed using Ln-transformed MVPA. 
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Table S3-2. Comparison of PA patterns during the day between non-overweight children and 

overweight children on school days. 

Segment Non-overweight (n = 

118) 

Overweight (n = 16) p-value 

ST 8:00–11:00 37.1 [35.9; 38.2] 40.1 [37.0; 43.2] 0.074 

ST 11:00–12:00 36.3 [34.8; 37.8] 39.1 [35.5; 42.8] 0.164 

ST 12:00–14:00 46.1 [44.2; 48.0] 44.1 [39.6; 48.7] 0.421 

ST 14:00–17:00 41.6 [40.6; 42.5] 39.1 [36.6; 41.6] 0.067 

ST 17:00–18:00 25.3 [24.1; 26.6] 30.0 [26.5; 33.4] 0.014 

ST 18:00–21:00 32.1 [30.7; 33.4] 34.2 [30.5; 37.8] 0.292 

ST overall 473.2 [457.9; 488.6] 520.3 [478.6; 562.1] 0.038 

LPA 8:00–11:00 20.4 [19.4; 21.3] 17.5 [14.9; 20.1] 0.042 

LPA 11:00–12:00 20.0 [18.9; 21.1] 17.8 [15.1; 20.5] 0.132 

LPA 12:00–14:00 12.1 [10.4; 13.7] 13.5 [9.6; 17.4] 0.507 

LPA 14:00–17:00 16.4 [15.6; 17.1] 18.3 [16.2; 20.3] 0.097 

LPA 17:00–18:00 26.0 [25.1; 27.0] 23.7 [21.2; 26.2] 0.079 

LPA 18:00–21:00 22.6 [21.6; 23.6] 19.6 [16.9; 22.3] 0.045 

LPA overall 240.3 [232.5; 248.1] 227.2 [206.1; 248.3] 0.253 

MVPA 8:00–11:00 2.3 (1.3 – 3.4) 2.0 (1.0 – 3.3) 0.584 

MVPA 11:00–12:00 3.1 (1.9 – 4.5) 2.6 (1.9 – 4.4) 0.816 

MVPA 12:00–14:00 1.0 (0.5 – 2.3) 2.3 (1.0 – 3.5) 0.080 

MVPA 14:00–17:00 1.7 (1.1 – 2.6) 2.2 (1.5 – 4.2) 0.074 

MVPA 17:00–18:00 8.1 (5.0 – 11.6) 5.3 (4.5 – 8.3) 0.109 

MVPA 18:00–21:00 4.9 (3.1 – 7.3) 4.9 (4.2 – 6.8) 0.483 

MVPA overall 47.2 [44.2; 50.2] 49.0 [40.9; 57.1] 0.678 

Data for sedentary time (ST) overall, light physical activity (LPA) overall and moderate-to-

vigorous physical activity (MVPA) overall are presented as the mean in minutes/day and with a 

95% confidence interval. Data for each segment of ST and LPA per segment are presented as 

the mean in minutes/hour and with a 95% confidence interval. Data for MVPA per segment are 

presented as the median in minutes/hour, along with the 25th and 75th percentiles. P-values are 

based on linear mixed models and adjusted for sex, age, and season. Statistical testing for 

MVPA per segment was performed using Ln-transformed MVPA. 
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Table S3-3. Comparison of PA patterns during the day between non-overweight children and 

overweight children on weekends/holidays. 

Segment Non-overweight (n = 92) Overweight (n = 15) p-value 

ST 8:00–11:00 30.4 [28.5; 32.3] 36.7 [32.2; 41.2] 0.012 

ST 11:00–12:00 29.0 [27.1; 31.0] 35.9 [31.2; 40.6] 0.009 

ST 12:00–14:00 33.2 [31.1; 35.2] 34.4 [29.5; 39.3] 0.645 

ST 14:00–17:00 34.1 [31.9; 36.3] 34.9 [29.5; 40.2] 0.795 

ST 17:00–18:00 30.3 [28.1; 32.5] 33.9 [28.6; 39.3] 0.219 

ST 18:00–21:00 31.7 [29.9; 33.5] 32.9 [28.5; 37.4] 0.609 

ST overall 420.9 [403.5; 438.4] 468.1 [424.9; 511.3] 0.047 

LPA 8:00–11:00 24.7 [23.2; 26.1] 19.5 [16.1; 23.0] 0.008 

LPA 11:00–12:00 26.1 [24.5; 27.6] 20.1 [16.4; 23.8] 0.004 

LPA 12:00–14:00 22.2 [20.6; 23.8] 21.9 [17.9; 25.8] 0.866 

LPA 14:00–17:00 21.2 [19.5; 22.9] 19.9 [15.8; 24.0] 0.568 

LPA 17:00–18:00 24.3 [22.6; 25.9] 22.0 [18.0; 26.0] 0.289 

LPA 18:00–21:00 23.0 [21.7; 24.4] 22.1 [18.7; 25.4] 0.592 

LPA overall 286.7 [275.2; 298.2] 268.3 [239.9; 296.7] 0.237 

MVPA 8:00–11:00 4.0 (2.1 – 6.2) 3.2 (1.3 – 4.8) 0.114 

MVPA 11:00–12:00 3.5 (2.0 – 6.8) 2.6 (1.6 – 7.3) 0.241 

MVPA 12:00–14:00 4.1 (2.5 – 5.9) 2.8 (2.1 – 4.3) 0.721 

MVPA 14:00–17:00 3.7 (1.8 – 6.8) 4.2 (1.5 – 9.3) 0.630 

MVPA 17:00–18:00 4.1 (1.8 – 7.4) 3.8 (1.3 – 6.3) 0.581 

MVPA 18:00–21:00 4.5 (2.8 – 7.2) 4.6 (2.8 – 6.8) 0.900 

MVPA overall 61.3 [56.4; 66.3] 58.2 [46.0; 70.4] 0.640 

Data for sedentary time (ST) overall, light physical activity (LPA) overall and moderate-to-

vigorous physical activity (MVPA) overall are presented as the mean in minutes/day and with a 

95% confidence interval. Data for each segment of ST and LPA per segment are presented as 

the mean in minutes/hour and with a 95% confidence interval. Data for MVPA per segment are 

presented as the median in minutes/hour, along with the 25th and 75th percentiles. P-values are 

based on linear mixed models and adjusted for sex, age, and season. Statistical testing for 

MVPA per segment was performed using Ln-transformed MVPA. 
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ABSTRACT 

Background 

Given the widespread problem of physical inactivity, and the continued growth in prevalence of 

childhood and adolescent obesity, promotion of regular physical activity (PA) among young 

people has become a public priority. A greater understanding of children’s PA patterns 

throughout the day is needed to effectively encourage children to be more physically active. 

Hence this study looking at the distribution of PA in young children throughout the day, and its 

relevance to overweight.  

 

Methods 

Accelerometers (ActiGraph GT3X, weartime > 600 min/day, ≥ 3 days) were used to measure 

the PA of 958 children (aged 5.7 ± 0.8 years, 52% boys) enrolled in the GECKO Drenthe cohort. 

Levels of sedentary time (ST), light PA (LPA), and moderate-to-vigorous PA (MVPA) were 

recorded throughout the day and analysed in segments (07:00–09:00, 09:00–12:00, 12:00–

15:00, 15:00–18:00, 18:00–21:00). Body mass index was measured by Preventive Child 

Healthcare nurses and Cole’s (2012) definition of overweight was used. General linear mixed 

models, adjusted for age, sex, and season, were used to analyse patterns of PA and ST 

throughout the day.  

 

Results 

Children were most sedentary in the early morning (07:00–09:00) and evening (18:00–21:00), 

and exhibiting the most time spent engaged in LPA and MVPA in the afternoon (12:00–15:00) 

and late afternoon (15:00–18:00). The greatest inter-individual variation in ST, LPA, and 

MVPA among the children occurred in the late afternoon and evening (approximately 40, 30, 

and 15 min difference per time segment between 25th and 75th percentile, respectively). The 

most active children (highest quartile of MVPA) were found to be more active and less 

sedentary throughout the entire day than the least active children (lowest quartile of MVPA). 

Furthermore, children with overweight were no less active than children without overweight. 
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Conclusion 

At this young age, the relevance of different PA patterns to childhood overweight was minimal. 

Children were most active in the afternoon and late afternoon. To encourage PA in general, ST 

can be reduced and PA increased in the early morning and evening. Targeted PA interventions to 

specifically stimulate the least active children could take place in the late afternoon or evening.  

 

Keywords: Sedentary time; moderate-to-vigorous physical activity; accelerometry; preschool 

children; obesity
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BACKGROUND 

Physical activity (PA) is an important factor in human health. Individuals who are physically 

active have a lower risk of developing diseases [1,2]. Furthermore, PA is considered to be a key 

component in the prevention and management of overweight and obesity [3-5].  

 

Several different organizations have provided guidelines for PA in children and young 

people.[6-11] It is recommended that preschool children (< 5 years old) engage in at least 180 

min of activity each day. At least 60 min of this PA should be of moderate-to-vigorous intensity. 

Furthermore, children should not remain seated or sedentary for periods of more than 1 h at a 

time [6,7]. It is recommended that primary school children and young people (in the 5–17 age 

group) should engage in at least 60 min of moderate-to-vigorous physical activity (MVPA) per 

day. They should also minimize the time spent in extended periods of sedentary activity.[8-11] 

Nevertheless, many children are not compliant with these PA guidelines. As a result, they may 

be at greater risk of developing overweight, obesity or other health problems. Since the 

development of overweight starts at a young age, it is useful to try and support higher levels of 

PA early in life [12].  

 

Most studies into children’s PA behaviours are performed in children of school age. However, a 

large study using data from the International Children’s Accelerometry Database (ICAD) 

showed that time spent in PA during childhood slightly increases from 2 to 5 years and then 

decreases progressively over time until the age of 18 [13]. An opposite pattern for sedentary 

time (ST) was observed [13]. Accordingly, opportunities to boost PA levels of children around 

the age of 5 should be examined. Furthermore, children’s PA behaviours are often analysed on 

the basis of an average daily PA. The use of accelerometer data makes it possible to analyse PA 

patterns in greater detail. A recent study revealed differences in the distribution of MVPA levels 

during the day, even between children with the same average PA levels [14]. In Europe, there 

have been no previous studies of PA patterns in young children, and of their relevance to health 

outcomes such as overweight.  

 

The PA behaviour of older children throughout the day has been more extensively studied. One 

accelerometry-based study in school-age children (7–11 year old) found that children’s PA 

behaviour was most consistent in the school environment (07:00–15:00), whereas the greatest 

variation in PA levels occurred in the early evening (17:00–19:00) [15]. One study into highly 
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active and low active children (aged 10–11) found that, in four of the five time segments, the 

former achieved significantly more moderate PA and vigorous PA than the latter [16].  

 

The aim of our study was to identify segments of the day with potential for targeted PA 

interventions in young children. We explored patterns of different intensities of objectively 

measured PA and ST throughout the day to examine when young children were more sedentary 

and when they were more active. Secondly, since PA is an important factor in the prevention of 

overweight and obesity, we examined the association between the PA distribution throughout 

the day and childhood overweight. 

 

METHODS 

Study design 

The GECKO (Groningen Expert Center for Kids with Obesity) Drenthe study is a 

population-based birth cohort focusing on early risk factors for overweight and obesity. Details 

of the GECKO Drenthe cohort are described elsewhere [17]. In 2006, almost 3000 pregnant 

women were recruited. The children involved are currently being monitored and have been 

since the last trimester of their mother’s pregnancy. Written informed parental consent was 

obtained for participation in the study, also for any minors to take part in the study. The study 

was approved by the Medical Ethics Committee of the University Medical Center Groningen 

(UMCG), in accordance with the 1975 Declaration of Helsinki (as revised in 1983). The study 

has been registered at www.birthcohorts.net. 

 

Measurements and data analysis 

Physical activity 

PA data was collected from May 2011 to October 2013. PA was measured using ActiGraph 

GT3X accelerometers (ActiGraph, Pensacola, FL). These devices have been shown to be 

appropriate and reliable for the measurement of PA volume and intensity in young children 

[18,19]. The children wore an ActiGraph (held in place by an elastic belt) on their right hip 

throughout their waking hours on four consecutive days, except while bathing or swimming. 

Data was collected at a frequency of 30 Hz and was analysed at 15-s epoch recording. 

Non-wearing time was defined as periods of at least 90 min with zero counts [20]. Those days 

on which the weartime amounted to less than 600 min were excluded from the analyses. 

Subsequently, any children who had fewer than three valid wear days were excluded from the 
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analyses. When sent by post, some accelerometers generated a valid wearing day (> 10 h/day). 

These ‘postage days’ were identified by low-light activity (≤ 100 min/day) and deleted. 

Outcome measures were assessed using the following cut-off points: ST (≤ 819 cpm), light 

physical activity (LPA) (820–3907 cpm), and MVPA (≥ 3908 cpm) [21]. These cut-off points 

were the best fit for our age group. 

 

Five time segments were used for the purpose of studying the distribution of MVPA and ST 

throughout the day. These time segments were in accordance with Dutch school schedules. 

They were defined as ‘early morning’ (07:00–09:00), ‘morning’ (09:00–12:00), ‘afternoon’ 

(12:00–15:00), ‘late afternoon’ (15:00–18:00) and ‘evening’ (18:00–21:00). All of the children 

in this study were attending kindergarten (referred to as ‘Group 1’ or ‘Group 2’ in the Dutch 

educational system). Here, children are given structured educational instructions – in the 

context of play – and they have ample opportunity to move around freely. Although the age 

range for preschoolers in most studies is between 2 and 5 years, we have defined the children in 

this study as ‘preschoolers’ because their behaviour is likely to be comparable with 

preschoolers. The activity levels per segment were expressed as the average number of minutes 

of activity per hour. Any incomplete hours were excluded. The cumulative activity levels were 

calculated as minutes per day (06:00-23:00).  

 

To study PA patterns in general, we pooled the results for all the children in the study. In 

addition, to specifically stimulate the least active children, we examined differences between 

the most active and the least active children. Based on children’s daily MVPA, the children 

were grouped into sex-specific quartiles, ranging from least active (Q1) to most active (Q4). 

Alternatively, children could be classified as ‘active’ if they achieved the MVPA exercise 

standard (≥ 60 min of MVPA per day) on more than 50% of their valid days [16,22]. If the 

average MVPA is used instead of this method of only counting days when the children were 

compliant with the standard, only 9.6% of the children would be reclassified. In view of this 

small difference, plus the need to maximise distinctiveness and variations in the number of 

valid days from one child to another, the decision was taken to use quartiles of average daily 

MVPA. 
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Weight status and additional data collection 

Height and weight were measured by trained Preventive Child Healthcare nurses, according to 

a standardized protocol. Children were weighed while wearing light clothing, on an electronic 

scale with a digital read-out. Their weight was recorded to the nearest 0.1 kg. Their height was 

measured using a stadiometer and recorded to the nearest 0.1 cm. Each child’s body mass index 

(BMI, kg/m2) was converted into age- and sex-specific standardized BMI Z-scores. This 

involved the use of Dutch growth analysis software (Growth Analyzer 3.5; Dutch Growth 

Research Foundation, Rotterdam, The Netherlands), using 1997 population data as the 

reference [23]. Individuals were classified either as not affected by overweight (underweight 

and normal weight) or affected by overweight (overweight and obesity), using age- and 

sex-specific cut-off points for children, based on Cole et al. 2012 [24]. Questionnaires 

completed during pregnancy were used to obtain details of the parents’ educational level 

(low/middle education or higher vocational education) and of the total household income. With 

regard to the seasons, winter was defined as December – February, spring as March – May, 

summer as June – August, and autumn as September – November.  

 

Statistical analysis 

The statistical analysis was performed using IBM SPSS Statistics (version 23). All MVPA 

variables were log-transformed, as they were not normally distributed. Independent t-tests and 

χ2-tests were used to check for differences between children with and without valid PA data. 

Repeated measures ANOVA tests were performed – with the segments as within-subjects 

variables – to justify the selected time segments and to determine whether it would be useful to 

include an extra segment around midday (12:00–13:00). General linear mixed models were 

used, for each segment and for the whole day (cumulative), to examine any differences in PA 

and ST patterns between active and less active children and between children with and without 

overweight. In each of the general linear mixed models used, the participant number was 

entered as subject and activity group (most active vs. least active) or weight status (overweight, 

yes/no) was entered as fixed factor. To control for possible differences due to sex, age or season 

of PA measurement, we entered sex, age and season as fixed factors as well. With regard to 

random factors, the intercept was included and the participant number was entered. In addition, 

the whole-day analyses were adjusted for accelerometer weartime. The significance level was 

set at p < 0.05.  
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RESULTS 

In total, the parents of 2276 children were asked to participate by allowing their child’s PA to be 

measured. As a result, the PA of 1474 children was measured using ActiGraph accelerometers 

(response rate = 64.8%; for flow chart see Figure 1). The final sample consisted of 958 children 

with valid accelerometer data. The majority of these children were between 4 and 6 years of age 

(5th – 95th age percentile: age 4.4–7.0). For 847 of these children, weight status data was also 

available. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Flowchart showing participant recruitment in GECKO Drenthe cohort. 

 

 

Parents of children recruited 
n=2,997 

Parents of children asked to 
participate in physical activity 
measurement using Actigraph  

n=2,276 

Children measured with Actigraph 
n=1,474 

Analyses of physical activity and 
sedentary time across the day 

n=958 

Analyses non-overweight children 
compared to overweight children  

n=847 

No data for weight status        n=111                

Children excluded n=516 
Weartime < 600 min per day n=30 
Postage days n=1 
Valid wear days < 3 n=484 
Informed consent withdrawn n=1 

 



Chapter 6

180

 

 

 

The characteristics of these children and their parents are shown in Table 1. Approximately 46% 

of the children met the PA guideline of at least 60 min per day in MVPA. There were no 

significant differences between children with and without valid PA data, in terms of their 

descriptive characteristics, except for the educational level of the father. The fathers of children 

with valid PA data tended to be more highly educated (41.8%) than the fathers of children 

without valid PA data (31.6%) (p < 0.001). The descriptive characteristics of children in the 

most active and least active groups and those of children with and without overweight are 

shown in Appendix A. The least active children (Q1) were significantly younger than the most 

active children (Q4) (aged 5.5 and 5.8, respectively). In addition, the least active children (Q1) 

wore their device for a shorter period than the most active children (654 and 663 min/day, 

respectively). With regard to the children with and without overweight, the fathers of children 

without overweight tended to be more highly educated than the fathers of children affected by 

overweight. 

 

Distribution of physical activity and sedentary time throughout the day  

Firstly, the validity of the selected time segments was assessed. For ST, LPA, and MVPA, main 

effects were found between segments throughout the day (all p < 0.001). With certain 

exceptions, the contrasts showed significant differences between all segments (p < 0.001). The 

exceptions were between 12:00–15:00 and 15:00–18:00 for ST (p = 0.504), between 09:00–

12:00 and 15:00–18:00 for LPA (p = 0.196), and between 09:00–12:00 and 18:00–21:00 for 

MVPA (p = 0.106). This means that most segments differed significantly from each other, and 

that they can be regarded as separate time slots throughout the day. The option of an extra 

segment around midday (12:00–13:00) was explored and discarded, as it was not considered to 

be useful. In the case of ST and MVPA, no significant differences were found between the 

midday period and the 13:00–15:00 segment. In the case of LPA, there was only a small 

difference.  
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Table 1. Child characteristics. 

Child characteristics N mean ± SD or % 

Sex (boys) 500 52.2% 

Age PA measurement (years) 958 5.7 ± 0.8 

Age BMI measurement (years) 847 5.8 ± 0.3 

BMI (kg/m2) 847 15.9 ± 1.3 

BMI Z-score 847 0.20 ± 0.78 

Weight status   

Underweight 54 6.4% 

Normal weight 722 85.2% 

Overweight 61 7.2% 

Obese 10 1.2% 

Ethnicity (Dutch) 865 90.6% 

Education level (low/middle)   

Mother 432 51.6% 

Father 428 54.5% 

Household income   

< €1150 21 2.3% 

€1151–€3050 508 55.3% 

€3051–€3500 163 17.8% 

> €3501 124 13.5% 

Unknown / not reported 102 11.1% 

Weartime (min/day) 958 655.9 ± 35.3 

Abbreviations: PA, physical activity; BMI, body mass index. 
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Sedentary time 

Table 2 indicates the pattern of PA throughout the day. It gives details of the average time spent 

sedentary, in LPA and in MVPA for all segments throughout the day. Children are most 

sedentary during the early morning (07:00–09:00) and evening (18:00–21:00). Figure 2 shows 

the median, the 25th – 75th percentile, and the minimum and maximum values for ST, LPA, and 

MVPA per segment, throughout the day. This highlights the changes in PA levels throughout the 

day, as well as differences between the children. In terms of ST, it shows that the greatest 

differences between children occur in the evening (18:00–21:00). In this time segment, 25% of 

all children spent up to 44 min per hour in sedentary activity. However, the lowest 25% were 

only sedentary for 25 min per hour. Over the entire 3 h of this time segment, the most sedentary 

25% of children exhibited ST for about 130 min, while the corresponding value for the least 

sedentary 25% of children was 75 min.  

 

Table 2. Time spent sedentary, in light physical activity, and in moderate-to-vigorous physical 

activity throughout the day. 

Segment N Sedentary time Light PA Moderate-to-vigorous 

PA 

7:00–09:00 928 36.7 ± 6.3 (61.2%) 20.6 ± 5.3 (34.4%) 2.7 ± 2.0 (4.4%) 

9:00–12:00 958 32.2 ± 6.2 (53.6%) 22.9 ± 4.8 (38.2%) 4.9 ± 2.5 (8.1%) 

12:00–15:00 958 30.2 ± 5.5 (50.3%) 24.0 ± 4.1 (40.1%) 5.7 ± 2.7 (9.6%) 

15:00–18:00 958 30.1 ± 6.3 (50.2%) 23.1 ± 4.4 (38.6%) 6.7 ± 3.2 (11.2%) 

18:00–21:00 903 34.4 ± 9.6 (57.3%) 19.7 ± 6.5 (32.9%) 5.9 ± 4.9 (9.9%) 

Cumulative 958 346.2 ± 55.0 (52.8%) 248.9 ± 37.3 (37.9%) 60.8 ± 24.0 (9.3%) 

Data for sedentary time, light physical activity, and moderate-to-vigorous physical activity are 

presented as mean ± SD (%) in average minutes per hour (time segments) or per day 

(cumulative). 
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Physical activity 

The PA pattern in Table 2 shows that children spent most time engaged in LPA and MVPA in the 

afternoon (12:00–15:00) and late afternoon (15:00–18:00), respectively. In addition, Figure 2 

shows that the greatest differences between children, in terms of LPA and MVPA, occur in the 

late afternoon and evening (18:00–21:00). Take the average MVPA level in the late afternoon, 

for instance. This derives from the fact that 25% of the entire group of children spent a total of 

approximately 30 minutes in MVPA in the period from 15:00 to 18:00, while the least active 25% 

of the children spent less than 10 min in MVPA during this time segment. 

 

 

 

 

Figure 2. The flow of PA levels throughout the day.  

The flow of PA levels throughout the day. Sedentary time (ST), light physical activity (LPA) and 

moderate-to-vigorous physical activity (MVPA) per time segment with median, 25th – 75th 

percentile and minimum and maximum. For clarification, the exact numbers are given below 

the x-axis. Almost all time segments showed significant differences. The exceptions were for ST 

between 12:00–15:00 and 15:00–18:00, for LPA between 09:00–12:00 and 15:00–18:00 and 

for MVPA between 09:00–12:00 and 18:00–21:00. 
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Further looking into the differences between the most active children and the least active 

children, the former were more active and less sedentary than the latter throughout the entire 

day. Significant differences were found between the activity groups for ST, LPA, and MVPA in 

every time segment of the day. With regard to the average time spent in ST, LPA, and MVPA, 

the largest differences between the most active and least active children occurred in the late 

afternoon and the evening (Table 3; Figure 3).  

 

 

 

 

Figure 3. Daily physical activity patterns in the most active and least active children. 

Daily physical activity patterns in the most active and least active children. Sedentary time, 

light physical activity and moderate-to-vigorous physical activity per time segment for the most 

active and least active children. For comparison, the lines represent the median sedentary time 

and moderate-to-vigorous physical activity of the entire group of children. All time segments 

throughout the day showed significant differences between the most active and least active 

children, adjusted for sex, age at physical activity measurement and season. 
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Table 3. Active children are more active throughout the day. 

Descriptives of ST and LPA are presented as adjusted means and 95% confidence intervals. 

Descriptives of MVPA are presented as medians with 25th and 75th percentiles. Analyses were 

performed using linear mixed models, adjusted for sex, age at PA measurement and season. All 

p-values were < 0.001. 
a Analyses additionally adjusted for accelerometer weartime. 
b Statistical testing for MVPA was performed using log-transformed MVPA. 

Segment Most active (Q4) 
(mean minutes / hour) 

Least active (Q1) 
(mean minutes / hour) 

Estimate [95% CI] 
(minutes / hour) 

Sedentary time (ST)   

 ST 7:00–09:00 33.9 [33.1; 34.7] 39.4 [38.7; 40.2] 5.6 [4.5; 6.7] 

 ST 9:00–12:00 28.2 [27.5; 28.8] 35.5 [34.8; 36.2] 7.3 [6.4; 8.3] 

 ST 12:00–15:00 25.9 [25.3; 26.5] 34.1 [33.5; 34.8] 8.2 [7.4; 9.1] 

 ST 15:00–18:00 25.5 [24.9; 26.2] 35.1 [34.4; 35.7] 9.5 [8.6; 10.4] 

 ST 18:00–21:00 29.7 [28.6; 30.8] 39.7 [38.6; 40.8] 10.0 [8.5; 11.5] 

 Cumulative ST  

(per day) a 

301.8 [297.1; 306.4] 393.0 [388.5; 397.6] 91.3 [84.7; 97.9] 

Light physical activity (LPA)   

 LPA 7:00–09:00 22.2 [21.6; 22.9] 18.9 [18.3; 19.6] −3.3 [−4.3; −2.4] 

 LPA 9:00–12:00 24.8 [24.2; 25.3] 21.6 [21.0; 22.1] −3.2 [−4.0; −2.4] 

 LPA 12:00–15:00 25.6 [25.1; 26.1] 22.5 [22.0; 23.0] −3.1 [−3.8; −2.4] 

 LPA 15:00–18:00 24.3 [23.8; 24.9] 21.2 [20.7; 21.7] −3.2 [−3.9; −2.4] 

 LPA 18:00–21:00 21.3 [20.5; 22.1] 17.3 [16.5; 18.1] −4.0 [−5.2; −2.9] 

 Cumulative LPA  

(per day) a 

266.5 [262.3; 270.7] 230.9 [226.8; 235.0] −35.6 [−41.5; 

−29.7] 

Moderate-to-vigorous physical activity (MVPA) b  

 MVPA 7:00–09:00 3.4 (2.0 – 4.9) 1.4 (0.9 – 2.3) −0.8 [−0.9; −0.7] 

 MVPA 9:00–12:00 6.8 (4.8 – 8.8) 2.9 (2.2 – 3.7) −0.9 [−1.0; −0.8] 

 MVPA 12:00–15:00 8.0 (6.7 – 10.1) 3.3 (2.5 – 4.3) −1.0 [−1.1; −0.9] 

 MVPA 15:00–18:00 9.5 (7.9 – 12.0) 3.6 (2.8 – 4.6) −1.1 [−1.2; −1.0] 

 MVPA 18:00–21:00 8.1 (5.1 – 12.0) 2.3 (1.4 – 3.8) −1.1 [−1.2; −0.9] 

 Cumulative MVPA 

(per day)a 

89.8 (79.4 – 100.9) 35.2 (29.0 – 41.8) −1.0 [−1.0; −0.9] 
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The relevance of PA distribution throughout the day to overweight 

In the evening, marginal differences between children with and without overweight were found 

with regard to ST and LPA, but not in terms of MVPA. Children affected by overweight 

exhibited less ST and more LPA in the evening (18:00–21:00) than children without overweight 

(Table 4; Figure 4).  

 

 

 

 

Figure 4. Daily physical activity patterns in non-overweight and overweight children. 

Daily physical activity patterns in children with and without overweight. Sedentary time, light 

physical activity and moderate-to-vigorous physical activity per time segment for children with 

and without overweight, with means per behaviour and per group. There were significant 

differences between children with (n = 71) and without overweight (n = 776) in terms of 

sedentary time and light physical activity, but only in the evening (18:00–21:00). All analyses 

were adjusted for sex, age at physical activity and body mass index measurement and season. 
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Table 4. PA patterns throughout the day for children with and without overweight. 

Descriptives of ST and LPA are presented as adjusted means and 95% confidence intervals. 

Descriptives of MVPA are presented as medians with 25th and 75th percentiles. Analyses were 

performed using linear mixed models, adjusted for sex, age at PA measurement, age at BMI 

measurement and season. The bold values were statistically significant (p<0.05). 
a Analyses additionally adjusted for accelerometer weartime. 
b Statistical testing for MVPA was performed using log-transformed MVPA.

Segment Overweight 
(mean minutes / 

hour) 

Non-overweight 
(mean minutes / 

hour) 

Estimate [95%CI] 
(minutes/hour) 

Sedentary time (ST)    

 ST 7:00–09:00 37.1 [35.6; 38.5] 36.6 [36.2; 37.1] 0.4 [−1.1; 2.0] 
 ST 9:00–12:00 31.6 [30.3; 32.9] 32.2 [31.8; 32.6] −0.6 [−2.0; 0.7] 
 ST 12:00–15:00 29.4 [28.2; 30.7] 30.3 [29.9; 30.7] −0.9 [−2.2; 0.4] 
 ST 15:00–18:00 31.2 [29.7; 32.6] 30.4 [29.9; 30.8] 0.8 [−0.7; 2.3] 
 ST 18:00–21:00 32.6 [30.5; 34.7] 35.1 [34.4; 35.8] −2.5 [−4.7; −0.4] 
 Cumulative ST  

(per day) a 
343.8 [332.8; 354.7] 348.6 [345.2; 351.9] −4.8 [−16.2; 6.6] 

Light physical activity (LPA)   

 LPA 7:00–09:00 20.1 [18.8; 21.3] 20.7 [20.4; 21.1] −0.7 [−1.9; 0.6] 
 LPA 9:00–12:00 23.5 [22.5; 24.5] 22.9 [22.6; 23.2] 0.6 [−0.4; 1.6] 
 LPA 12:00–15:00 24.7 [23.8; 25.6] 24.0 [23.7; 24.3] 0.7 [−0.2; 1.7] 
 LPA 15:00–18:00 22.7 [21.7; 23.7] 22.9 [22.6; 23.2] −0.2 [−1.2; 0.8] 
 LPA 18:00–21:00 21.1 [19.7; 22.5] 19.2 [18.8; 19.7] 1.8 [0.4; 3.3] 

 Cumulative LPA  
(per day) a 

252.5 [244.6; 260.3] 247.7 [245.3; 250.1] 4.8 [−3.4; 13.0] 

Moderate-to-vigorous physical activity 
(MVPA)b 

 

 MVPA 7:00–09:00 2.5 (1.4 – 3.8) 2.1 (1.3 – 3.4) 0.1 [−0.1; 0.2] 
 MVPA 9:00–12:00 4.7 (3.1 – 6.3) 4.4 (3.1 – 6.2) −0.01 [−0.1; 0.1] 
 MVPA 12:00–15:00 5.2 (3.6 – 7.6) 5.4 (3.8 – 7.2) 0.02 [−0.1; 0.1] 
 MVPA 15:00–18:00 5.5 (3.6 – 8.4) 6.4 (4.4 – 8.7) −0.1 [−0.2; 0.03] 
 MVPA 18:00–21:00 5.3 (3.2 – 8.6) 4.5 (2.5 – 8.0) 0.2 [−0.01; 0.4] 
 Cumulative MVPA  

(per day) a 
56.7 (44.2 – 73.8) 57.5 (44.0 – 75.0) −0.01 [−0.1; 0.1] 
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DISCUSSION 

This study shows that young children’s PA and ST exhibit a distinct pattern throughout the 

course of the day. The highest level of ST occurred in the early morning (07:00–09:00), while 

the highest levels of LPA and MVPA occurred in the afternoon (12:00–15:00) and late afternoon 

(15:00–18:00). In terms of ST, LPA, and MVPA, the largest differences between children were 

found to occur in the late afternoon and evening. Active children were more active and less 

sedentary throughout the day, rather than being more active in one particular segment. Contrary 

to what might be expected, no clear association was found between PA patterns and overweight. 

Children affected by overweight exhibited less sedentary time and more light PA in the evening 

than children without overweight, but the differences were marginal. 

 

The early morning (07:00–09:00) was the first time segment identified for targeted 

interventions to boost PA levels in children, since all of the children were relatively sedentary 

during this period. However, there is some doubt about the scope for boosting PA during this 

segment, as most children follow a standard routine of waking up, having breakfast and getting 

ready for school. Nevertheless, if PA could be integrated into this routine (e.g. by the inclusion 

of an active commute to school), this could be a sustainable way of structurally increasing daily 

PA levels. This strategy is promoted by the Comprehensive School Physical Activity Program 

(CSPAP), which aims to exploit all opportunities for children to be more physically active 

before, during, and after school [25]. Potentially, the difference between the 25th and 75th 

percentile is 2.5 min of MVPA per hour and 8.7 min of LPA. This means that more than 10 min 

per hour can be devoted to PA instead of ST. Thus, there is indeed scope for improving PA levels 

in the early morning, especially when such measures can be incorporated into children’s 

morning routines.  

 

Two other time segments with potential for targeted PA interventions were the late afternoon 

(15:00–18:00) and evening (18:00–21:00). With regard to MVPA, both the median and the 75th 

percentile were highest in the late afternoon (Figure 2). During this three hour period, the 25th 

and 75th percentiles of MVPA differed by approximately 18 min and the differences in terms of 

LPA and ST were approximately 30 and 40 min, respectively. Another study that looked at 

hourly activity patterns over the day in 4-year-old Swedish children, showed a slightly different 

pattern. They showed that children were most active and less sedentary from 9:00 to 15:00 

(during preschool) compared to the rest of the day [26]. They assessed PA using the same type 
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of accelerometer device and the same accelerometer cut-offs. However, they did not explore the 

variation in activity between children. The observed differences between the 25% most active 

and the 25% least active children in the current study show significant opportunities for 

increasing the PA levels of the least active children in the late afternoon. During the evening 

segment (18:00–21:00) the differences between the 25th and 75th percentile were even greater 

– almost 1 h for ST and 19 min for MVPA. These substantial differences suggest considerable 

variation in the range of activity exhibited by children before they go to sleep. Some children 

seem to prefer active forms of relaxation, whereas other children appear to favour more passive 

forms (ST). Indeed, studies in older children have found that the variation in activity is greatest 

in the late afternoon and evening. A study in 7- to 11-year-old children in northwest England 

found the greatest variation in PA behaviour in the early evening (17:00–19:00) [15]. Another 

study, into highly active and low active 10 to 11-year-old children suggested the use of 

structured PA programmes to promote PA in low active children during the after-school time 

segment (15:30–18:30) [16]. Furthermore, although the morning and late afternoon/evening 

seem to offer the best opportunities for changing PA levels, PA can also be promoted during 

school hours. PA during school time may even enhance academic engagement and performance 

[27,28]. The current study shows how different types of interventions may be suitable at 

different moments of the day, based on an analysis of young children’s natural PA patterns. The 

children’s PA patterns show the need for interventions to increase PA levels in children, as only 

half of the children met the PA guideline of at least 60 min per day in MVPA. Tailored PA 

interventions are needed to determine whether inactive children can be stimulated to become 

more active and to determine which types of interventions are most effective in preschool 

children. 

 

There were no substantial differences between children with and without overweight in terms 

of their cumulative PA and ST throughout the day. However, when the day was broken down 

into individual time segments, we found that, during the evening segment, children affected by 

overweight exhibited significantly less ST and more LPA than children without overweight. 

Although, in absolute terms, the differences were marginal, it was clear that the children with 

overweight were no less active than the children without overweight. This finding may however 

depend on the context in which children live. In Chinese preschool children, a study using 

accelerometers to assess PA, comparable to ours, showed that, during some time-segments, 

children affected by overweight were less active compared to children without overweight [29]. 

The Chinese children with overweight or obesity were more sedentary from 17:00 to 18:00 and 
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spent less time in LPA from 8:00 to 11:00 and from 17:00 to 21:00 on schooldays compared to 

children without overweight. A possible explanation is that the Chinese school schedule 

includes an obligatory nap time from 12:00 to 14:00 which probably influences, and maybe 

even suppresses, children’s natural activity patterns across the day [30]. This was visible when 

looking at the average MVPA level of the Chinese children. This was visible when looking at 

the average MVPA level of the Chinese children, which was 47 min per day during schooldays 

and 61 min per day during weekends, the latter being comparable to the average of 61 minutes 

MVPA per day in our study. Our finding that children with overweight are no less active than 

children without overweight may be explained by the weartime. Children affected by 

overweight may have a longer weartime because they sleep less. A previous study showed a 

lack of sleep to be a determinant of overweight in young children [30], so it may be worthwhile 

to establish whether or not this might have been a factor in the present study. An analysis of the 

time length for which children wore their accelerometers revealed that while this was not 

significantly longer for children with overweight, this group did tend to stay up a little longer 

than their peers. Another possible explanation concerns the use of BMI to classify overweight, 

as BMI is not an exclusive measure of fat mass [31,32]A higher BMI could indicate a higher 

muscle mass rather than a higher fat mass, resulting in relatively muscular children being 

classified as overweight [31,32]. A recent review and meta-analyses examining the association 

between PA and adiposity in young children showed no association between PA and BMI, 

irrespective of the intensity of PA [33]. However, the review and meta-analyses did show that 

young children with overweight spent less time in MVPA compared to children without 

overweight [33]. Nevertheless, the influence of MVPA on weight status was rather small. A 

large study in 2015 also found no differences in PA levels between two to six-year-old children 

with and without overweight [13]. Only in older children, from age seven onwards, children 

affected by overweight were found to be less active than children without overweight [13]. Yet, 

even if the effect of PA does increase with age, it is still important to intervene at a relatively 

young age. The prevention of overweight at a young age is more effective than treatment after 

its onset [34]. Also, low levels of PA at a young age may make children more prone to develop 

overweight as they grow older, as young children’s PA behaviours are likely to track into later 

life [35]. In summary, our results provided no evidence to suggest that PA patterns across the 

day are relevant to young children’s weight status. It is worth remembering that PA at a young 

age is also important in terms of other health issues (e.g. motor development, fitness, and 

bone and skeletal health) [1,2]. Therefore, it is recommended that further research is carried out 
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into the influence of PA behaviours throughout the day on other health outcomes.  

 

Study limitations and strengths 

To the best of our knowledge, this is one of only a small number of studies into varying 

intensities of objectively measured PA, at different times of the day, in preschool children. The 

use of accelerometry makes it possible to define patterns throughout the day, and to analyse 

them in more detail. This provides a basis for more specific recommendations concerning ways 

in which PA levels could be improved in preschool children. One strength of the study is that the 

participants of the GECKO Drenthe cohort form a highly representative sample of the general 

population, including children from families of both high and low socioeconomic status. 

Furthermore, about half of the children who were born in Drenthe between April 2006 and 

April 2007 were included in the GECKO Drenthe cohort. One limitation that should be 

mentioned is that there may have been differences in the time children spent at school and the 

time at which their school day ended. However, the selected time segments were found to be 

valid, so any effect it might have had on the results was considered negligible. We performed a 

sensitivity analysis, taking into account only those days in which we were certain that children 

were at school. The results were the same.  

 

CONCLUSION 

At this age, the relevance of different PA patterns to childhood overweight was minimal. To 

encourage PA in general, ST can be reduced and PA increased in the early morning and evening. 

Children were most active in the late afternoon. Targeted PA interventions to specifically 

stimulate the least active children could take place in the late afternoon or evening. This is 

based on the large inter-individual variation observed during these particular time segments.  
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Appendix 6.1 

Table A. Descriptive characteristics of the most active and least active children and children 

with and without overweight. 

 Most active 
(n = 239) 

Least active 
(n = 239) 

Overweight 
(n = 71) 

Non-overweight 
(n = 776) 

Sex (boys) 125 (52.3%) 125 (52.3%) 32 (45.1%) 402 (51.8%) 

Age PA measurement 

(yrs.)a 

5.8 ± 0.8 5.5 ± 0.8 5.7 ± 0.8 5.7 ± 0.8 

Age BMI measurement 

(yrs.) 

5.8 ± 0.3 5.8 ± 0.4 5.9 ± 0.4 5.8 ± 0.3 

BMI (kg/m2)b 15.9 ± 1.3 15.9 ± 1.4 18.9 ± 1.0 15.7 ± 1.0 

BMI Z-scoreb 0.21 ± 0.78 0.17 ± 0.80 1.73 ± 0.36 0.06 ± 0.65 

Weight status     

Underweight 16 (7.5%) 13 (6.2%) – – 

Normal weight 180 (84.1%) 182 (86.3%) – – 

Overweight 17 (7.9%) 11 (5.2%) – – 

Obese 1 (0.5%) 5 (2.4%) – – 

Ethnicity (Dutch) 209 (87.8%) 217 (91.2%) 61 (85.9%) 704 (91.1%) 

Education level (low/middle)    

Mother 113 (54.6%) 97 (46.9%) 33 (57.9%) 346 (50.4%) 

Fatherb 104 (55.0%) 96 (47.3%) 38 (69.1%) 341 (53.3%) 

Household income     

< €1150 10 (4.4%) 3 (1.3%) 1 (1.4%) 20 (2.7%) 

€1151–€3050 126 (55.5%) 132 (56.7%) 41 (59.4%) 405 (54.5%) 

€3051–€3500 46 (20.3%) 41 (17.6%) 7 (10.1%) 135 (18.2%) 

> €3501 24 (10.6%) 31 (13.3%) 7 (10.1%) 105 (14.1%) 

Unknown /not reported 21 (9.3%) 26 (11.2%) 13 (18.8%) 78 (10.5%) 

Weartime (min/day)a 662.8 ± 36.5 654.0 ± 34.6 662.2 ± 39.7 655.2 ± 34.6 

Abbreviations：PA, physical activity; BMI, body mass index. Data are presented as mean ± SD 
or N (%). Children were divided into activity groups based on sex-specific quartiles of their 
average MVPA per day. Children were classified either as affected by overweight/obesity or 
not affected by overweight based on the definition used by Cole et al. (2012). 
* Significant differences between most active and least active children. 
# Significant differences between children with and without overweight or obesity. 
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Physical inactivity is an important contributor to non-communicable diseases across the 

world.[1] Under the global concerns are the low level of physical activity (PA) and high 

prevalence of sedentary behaviours (SB) in children.[2] The health potential of sufficient PA 

and less SB during preschool years are increasingly being recognized.[3-5] Understanding the 

correlates of PA and SB during childhood contributes to evidence-based planning of public 

health interventions. The present thesis focused on PA, SB and environmental correlates in 

preschool children.  

 

Built environments and physical activity 

In this thesis, we have investigated a series of built environmental correlates of PA patterns in 

Chinese (Chapter 3) and Dutch (Chapter 4) preschool children. A summary of the studied 

correlates in this thesis was given in the Chapter 8 – Summary (Chapter 8 – Figure 1. Adapted 

ecological model of correlates on PA for preschool children). Interventions on the built 

environment may have the potential to provide population-wide effects and support sustained 

behaviour change. Our findings could be used in informing urban design to support increased 

PA.[6] For instance, our findings support that improving recreation facilities (e.g., parks, 

playgrounds) in the neighbourhood might be a useful strategy for PA promotion in the early 

years, whether this is in a densely-populated Chinese urban city (Chapter 3), or in a relatively 

rural western area, i.e. the province of Drenthe in the Netherlands (Chapter 4).  

 

The study populations in this thesis came from two countries. Figure 1 shows the urbanization 

in the two countries over time, expressed as percentage of the entire population living in urban 

areas. The Netherlands is a developed country with a high standard of living over the past 

decades. The total population of the Netherlands has only slightly increased over the past 

decade. In 2017, 92 percent of the total population of the Netherlands lived in cities, whereas 

in the same year, the total population in China living in urban areas is 58%. Compared to the 

relatively stable urban population in the Dutch society, the Chinese society has undergone rapid 

urbanization and urban sprawl since the economic reforms in the early 1980s. This contributed 

to changes in residents’ lifestyles, increased motorization and the decline in PA.[7, 8] Thus, the 

design of Chinese cities to promote PA is a timely issue, since China is expanding its cities at a 

rapid rate to accommodate enormous growth in its urban population. 
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Figure 1. The degree of urbanization in China and the Netherlands from 2007 to 2017. Adapted 

from data of World Bank. Source: https://www.statista.com.  

 

Over the past decade, the ‘Active Living by Design’ movement tried to understand and improve 

built environments to better support PA in developed western countries.[9] The built 

environment includes workplaces and schools, neighbourhoods, walking and cycling 

infrastructure, connectivity, transportation systems, and recreational areas. An ‘Active Living 

by Design’ environment makes it easier for individuals and families to incorporate PA into their 

everyday lives.[10] The influence of the environmental characteristics may vary by country and 

cultural context. For example, as we found in this thesis, a higher number of PA facilities located 

within 10 minutes walking distance would be helpful for enhancing children’s leisure-time PA 

in a Chinese urban city, although it might not be enough to enhance their overall level of 

moderate-to-vigorous physical activity (MVPA), based on observational data. In the Dutch 

children however, it showed that PA facilities within 30 minutes walking distance in the 

neighbourhood were related to more a higher level of children’s overall MVPA daily. These 

clues indicate that the activities of Chinese children may be limited to a more restricted space, 

closer by, compared to the Dutch children. For example, Chinese children usually do activities 

in their close familiar surroundings, for example in gated communities. This habit is not just 

found in children, it is the case for most Chinese citizens. Gated communities in China differ 

from gated communities in other countries, in the form of villa neighbourhoods, where it stands 

for a high-standard quality of life index.[11] The gated communities in China more stand for 

traditional values and a habitat reflecting a culture of collectivists.[12] They are closed urban 

residential areas where public space is legally privatized and access is restricted.[13] A growing 
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problem of gated communities may be the restriction of spatial integration into public spaces 

and facilities, e.g. their wall surroundings limit the expansion of pedestrian and cyclist networks. 

Gated communities are also common in public school and universities, where PA facilities have 

the potential to improve the health of urban residents, particularly for children and the 

elderly.[14] Then, when aiming at PA promotion for the whole population, it should be kept in 

mind that the environmental characteristics that predict PA behaviours vary according to sex, 

age, race, and other characteristics of the target group.[1] For instance, some studies suggest 

that a highly connected street design is optimal for increased walking among adults, but this is 

not the case for children – rather, streets that are cul-de-sacs or courts-dead-ends rather than 

interconnectivity – are more important for children.[15, 16] 

 

In this thesis, we have studied a series of built environmental correlates on PA patterns. Some 

findings were as expected, e.g. the findings that more PA facilities would be related to higher 

levels of PA. For other aspects we expected an association, but did not find one. For example 

in Chinese children, no correlation between safety and light intensity PA (LPA) or MVPA was 

found. We had expected an association between perceived safety, active behaviours and TPA, 

since parents’ perceived safety may impact walking, bicycling or outdoor play, especially for 

children living in developing countries where traffic accidents are common.[17] Although 

traffic safety was not related to objectively measured PA in both Dutch and Chinese children, 

if Chinese parents perceived ‘more safety of traffic situation’ they also reported more active 

commuting to school (ρ = 0.102, p < 0.05). In the Dutch children, a better traffic safety was 

positively correlated to a higher frequency of the child cycling outside (ρ = 0.144, p < 0.05). 

Overall, it seems that safety is related to specific PA behaviours, but is a less strong correlate to 

objectively measured PA than anticipated.  
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Socio-cultural environment and physical activity  

Another important finding of this thesis is that the socio-cultural environment was found to 

influence PA behaviours in preschool years. Between the two nations, daily PA patterns differed, 

as well as the role of child caregivers.  

 

School schedule and child physical activity 

At the population level, the prevalence of PA has declined considerably in many countries in 

recent decades.[18] This thesis describes patterns of PA and SB among Chinese (Chapter 5) and 

Dutch (Chapter 6) preschool children. The TPA levels in Chinese preschoolers are lower than 

the Dutch children, and also lower than a worldwide average. A systematic review reported an 

estimate of 54% of children adhering the at least 60 minutes of MVPA daily recommendations 

worldwide (N = 10,316, aged 2–6 years).[19] As it was shown in Figure 2, this recommendation 

to accumulate at least one hour MVPA daily was met by 53% of the Dutch children, and only 

28% of Chinese children.[20] The low level of PA in general in Chinese children and 

adolescents has raised concerns. As shown in Chapter 2, half of the Chinese studies reported 

that less than 50% of the participants could meet the recommendation of one hour MVPA 

daily.[21] As we suspected, the lack of PA in childhood may be starting already in preschool 

years.  

 

 
Figure 2. The percentage of overweight/obesity in this thesis and the prevalence of children 

meeting PA recommendations. 



General discussion

7

203

 

 

What’s more, one reason that accounts for the low level of PA in Chinese preschoolers may be 

the timetables and scheduled recess compared to the Dutch children. The 24 h day is made up 

of sleep, sedentary time (ST) like sitting and television viewing, light physical activities like 

slow walking and MVPA, consisting of more intense activities like running, ball games, 

climbing.[22] Lifestyle behaviours do not exist in isolation, but combine in a characteristic 

pattern. If more time is spent in one behaviour, for example in playing sedentarily or sleep, then 

there must be a corresponding lower amount of time spent in other behaviours, like play in LPA 

or MVPA. In China, most children have a nap in the noon, therefore, in Chinese children the 

peak in ST was found between 12:00 and 14:00. This was not found in Dutch children, with no 

napping habit at age 5 to 6 in preschools. In China, exchanging nap time for active play could 

be an easy way to increase PA in young children. However, it should be noticed that cancelling 

the napping habit for children would not be culturally acceptable in Chinese society. At this 

time, not only the children have a nap, but also teachers can have a rest. Nevertheless, we argue 

that the napping time could be shorter than at present. In the PATH-CC study, 78% of the 

children aged 3–6 years having a napping time of on average 108 ± 29 minutes during school 

days.[20] Meanwhile, a population-based study from 10 cities across China reported an average 

napping time of 91 minutes in Chinese children of the same age.[23] Previous literature 

indicated that beyond the age of two years, napping is associated with later night sleep onset 

and both reduced sleep quality and duration [24], and napping in toddlerhood is also associated 

with later timing of the internal circadian clock.[25] For adults, a nap during the day of less 

than 30 minutes in duration could promote wakefulness and enhance performance and learning 

ability.[26] Perhaps we could keep the habit of napping but make it of shorter duration for 

preschoolers. One hour for napping, would gain half an hour for children to be active. How 

much time exactly is suitable for napping in preschoolers needs more support from scientific 

evidence.  

 

Child caregivers and child physical activity  

Especially during childhood, when behaviours are under less volitional control, parents are one 

of the primary providers of inhibitory and promotive opportunities whereby children can be 

active.[27] This thesis provides evidence to support this theory. It showed that parental support 

was associated with children’s PA patterns. This may be explained through a variety of 

mechanisms. PA may be enhanced when parents are prepared to accompany their children to 

go to PA facilities (Chapter 3) or in doing sports (Chapter 4). PA may also be enhanced via 
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parents engaging in exercise themselves, when their exercise habit influences older children 

and adolescents (chapter 2). 

 

In contrast with the positive influence of parents on PA patterns, having grandparents as the 

primary caregivers was found to be associated with lower levels of MVPA and higher ST in 

Chinese preschoolers (Chapter 3). Grandparents raising grandchildren can be found in many 

parts of the world.[28] Some studies indicated that grandparents’ actions may have no impact 

on their grandchildren’s PA, e.g. in Japanese preschool children.[29] In Chinese societies, 

grandparents raising grandchildren is part of a long-standing cultural tradition, and this culture 

is more obvious since the one child-policy after 1979. The one-child generation has 

dramatically changed family structure and lifestyle for the last 35 years (from 1979 to 2016) in 

mainland China, resulting in the single child becoming the focus of the entire family.[30] It is 

possible that, as older adults, grandparents are seduced to spoil their only one grandchild [31], 

tend to be overprotective and discourage the more vigorous and encourage more sedentary 

indoor activities.[32] Another reason we have indicated in Chapter 3 was that these 

grandparents have undergone the great famine in the years 1959−1961. A study in the 

Netherlands has reported that women who were exposed to the Dutch famine (year 1944−1945) 

early in life were more often physically inactive later in life, compared to women who were not 

exposed.[33] Thus, these Chinese grandparents who have been exposed to the great famine in 

China may be of influence on children through their inactive lifestyle, although we will need 

more studies to confirm this suggestion.  

 

Physical activity, sedentary behaviour and healthy weight 

Globally, the number of overweight children under the age of five is estimated to be over 41 

million in 2016. Almost half of all overweight children under five lived in Asia and one quarter 

lived in Africa.[34] The early childhood (two to six year of age) is seen as a critical window for 

predicting childhood weight gain.[35] Overweight and obese children are likely to become 

obese adolescents and adults in the future, and they are also more likely to develop non-

communicable diseases like diabetes mellitus type 2 and cardiovascular diseases at a younger 

age.[36] In this thesis, we used the same method to measure PA via accelerometer [37] and the 

same standard classification [38] for overweight in the Dutch and Chinese children. In Chinese 

preschool children, we confirmed our hypothesis that overweight children were more sedentary 

and less active in LPA. In the Dutch children, however, we were not able to find this association. 
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A recent review has summarized papers looking at objectively measured PA and overweight, 

and show that PA is inversely related to percentage body fat in preschool children, but not to 

BMI.[39] The associations are very weak. Overall, it seems that at very young age, the variation 

in PA is not a strong determinant of developing overweight [40], unless perhaps when PA is 

really discouraged by the environment, or cultural restrictions, e.g. due to the school system, as 

may the case in our Chinese study. We suggest that other factors such as diet and sleep are more 

important predictors for overweight and obesity in this age group.[41, 42] 

 

Implications for future physical activity promotion 

Given the widespread problem of physical inactivity and the continued growth in the prevalence 

of childhood and adolescent obesity, promotion of regular PA should start early in life.[43] From 

the perspective of social cognitive theory, involvement of individual factors and environmental 

components are both essential for health behaviour changes.[10] To target PA promotion in 

preschool children, we suggest that both children and their families need education on the 

importance of improving PA and reducing SB for a lifelong health. Looking at the role of 

parents (or other caregivers) to increase PA in children, we suggest that if parents would be 

more active themselves, they would give their children more opportunities to be active, such as 

to play outside, or do more sports. Obviously older adults are facing a challenge for such a role. 

For future family-based interventions to increase children’s PA level, questions pertaining to 

who should be involved, what those involved should provide, and when it should be provided 

need clear delineation.[44] 

 

To avoid that children have more and more screen time in the household, support and 

behavioural interventions by parents are needed. Some behaviours may be easily modifiable, 

e.g. removing the TV from the child’s bedroom, or installing rules regarding TV usage, e.g., no 

more than one hour per evening.[45, 46] However, it should be admitted that there are also 

benefits of screen time, such as children having joy or acquiring knowledge. It also leaves child 

caregivers with more time on house work if they let their children watch TV. With the current 

developments in media equipment, this will also become available for children in the home at 

younger age, increasing screen time by use of computers and smart phones.[47] I suggest that 

the potential impact on children’s health should be discussed and perhaps suggestions for 

regulations on screen time are necessary. 
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Furthermore, it should be discussed how school settings could provide a good opportunity of 

PA promotion. For example in the United States, a Comprehensive School Physical Activity 

Programs (CSPAPs) are widely supported to increase PA in schools, which use all opportunities 

for students to be physically active.[48] As indicated in this thesis, both Chinese and Dutch 

children were less active on school days compared to weekend days. The school environment 

in the preschool years are an opportunity to make the most progress to be active that should not 

be missed, especially for Chinese preschool children who go to school full time. Better PA 

promotion should consider culture differences between nations. For example, the afternoon 

maybe a good opportunity for Chinese children to be active (Chapter 5), however, PA 

interventions for the Dutch children could take place preferably in the early morning and 

evening (Chapter 6). 

 

The support and development of ‘Active Living’ environments could be a feasible strategy for 

enhancing PA. A review focused on longitudinal studies that investigated how changes in the 

built environment were related to PA. For example, it was studied whether creating new 

infrastructure for walking, cycling and public transportation could encourage active modes of 

transportation in citizens.[49] In our view, the local government should establish and maintain 

safe and convenient environments for children’s active play and transportation. Overall, 

effective PA promotion should involve children and their families, school administrators and 

teachers, and also policy makers in ministries of health and education, as well as urban planners. 

 

Methodological issues 

Previous literature showed that it is not possible to conduct meta-analyses in systematic reviews 

of PA due to study heterogeneity, given the variation in PA assessment tools and consequently 

the difficulty in comparing activity levels across groups.[50] Therefore, we used the same 

device and post-processing procedures to measure PA in children of the same age in the 

Netherlands and China. This makes the studied data comparable in an absolute sense and 

therefore we believe the difference in PA patterns between the two nations was a real and 

quantifiable difference.  
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In this thesis we also investigated environmental characteristics and for this we relied on 

parental report in questionnaires. Although literature indicated that perceived neighbourhood 

attributes by parents might show different associations with PA than direct measurements of 

environments in preschoolers, the reported associations were usually stronger, maybe because 

parents are often the decision maker for children’s activities and perceived environment is more 

important for behaviour than the actual environment. However, due to a lack of objective 

measurements of environmental characteristics, we cannot exclude the possibility that the 

correlations on this topic may be over-estimated in this thesis. 

 

Another important methodological concern is that the evidence is based primarily on cross-

sectional studies. Longitudinal study design would make causality inferences between the 

predictors and activity outcomes more feasible to determine. Thus, our hypotheses need to be 

tested further. For example, birth cohort studies are ideal, especially for taking long-term effects 

of various environmental risks in later life.  

 

Furthermore, Asia is the most rapidly industrializing region in the world, where children are 

confronted by a multiplying array of health threats by rapid urbanization, unsustainable 

consumption, and an increase of industrial disposal such as e-waste. Currently, most of the 

existing birth cohorts are in high-income countries, with relatively few in low- and middle-

income countries.[51] Pooling data or undertaking cross cohort comparisons supports an 

understanding of which aspects of children’s development are unique to specific contexts and 

which are universal, since environmental risks or disease burdens vary from region to region. 

Further scientific cooperation to identify specific regional environmental threats and lifestyle 

choices, and the related effects of child health in Asia is needed.[52] 

 

In conclusion, based on the studies in this thesis it is recommended that PA promotion and 

intervention should start in preschool years, and the effective strategy should involve children 

and their families, school administrators and teachers, and also policy makers in ministries of 

health and education, as well as urban planners. Furthermore, scientific cooperation to identify 

regional environmental threats and improve the health of children globally is needed, along 

with using a longitudinal study design to test the influence of environmental changes. 
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Summary 

The health benefits of sufficient physical activity (PA) during early years are increasingly being 

recognized. In addition, early life experiences have an important impact on health and lifelong 

behaviour. Among the global concerns is physical inactivity in children, there is a need for 

understanding determinants of PA and sedentary behaviours (SB) during childhood to 

contribute to evidence-based planning of public health interventions. As shown in the figure 

below (Chapter 1 - Figure 2. Overview of the thesis), the main aim of this thesis is to determine 

which environmental correlates are related to PA patterns in preschool children. To gain more 

insight in the PA behaviours in young children, we describe the daily patterns of PA based on 

the different intensities of PA, including light PA (LPA), moderate-to-vigorous PA (MVPA), and 

sedentary time (ST) both in Chinese and Dutch preschoolers. To explore the potential health 

relevance, we examine the correlation between PA, SB and children with overweight / obesity 

in their early years. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 1 - Figure 2. Overview of the thesis. 

 

 

 



Chapter 8

216

 

 

Findings on correlates of physical activity  

China owns the largest population in the world. Understanding determinants of PA in Chinese 

society could reduce the effect of future epidemics of inactivity and contribute to effective 

global prevention of non-communicable diseases. Although lack of PA is a well-known problem 

in Chinese adults, less is known in children and adolescents. In Chapter 2, a review was 

performed to summarize the existing literature on determinants of PA among Chinese children 

and adolescents. Forty two papers (published 2002 – 2016) were included, and it showed that 

Chinese children and adolescents had a low level of PA. It also showed that none reports focused 

on preschoolers. This review showed that gender, self-efficacy, parental PA, and urbanization 

were important factors influencing PA in Chinese children and adolescents. It also indicated 

that the factors influencing the PA were not yet fully understood, due to limited research quality 

and inconclusive findings. This review suggested future research is required to enhance the 

understanding of other influences, such as the physical environment, especially in early 

childhood. 

 

Chapter 3 and Chapter 4 focused on the correlation between environmental correlates, PA and 

ST in Chinese and the Dutch preschoolers, respectively. For better showing the correlates we 

investigated, a simple adapted ecological model based on Sallis’ model was made, which 

focused on correlates of preschool children found in this thesis (Figure 1). In this thesis, we 

focused on parents’ perceived environmental correlates and PA patterns (are shown at the centre) 

in preschool children. PA patterns were classified by intensity (ST, LPA and MVPA) using 

ActiGraph GT3X (ActiGraph, Pensacola, FL, USA) accelerometry. Environment correlates 

were divided into four domains: built environment (including PA facilities, traffic safety, road 

network and environmental quality), social culture environment (social support from family 

and communities, parental support and peer support), home environment (including characters 

of house, dog, cars, garden, lift, televisions and computers), and natural environment (including 

weather, temperature, and air quality). Intrapersonal factors often have a direct influence on PA 

and were shown within the next boundary (including child’s gender, age, ethnic, social 

economic status, parental age and family structure). Children’s behaviours were in the middle 

outer circle, including outdoor play and commuting activities, since children’s behaviours may 

be changed through parental perceived neighbourhood and then affecting on their PA levels. 

Data of the natural environment was collected, but these results were not shown in this thesis.  
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Chapter 3 examined environmental correlates of SB and PA in preschool children in the urban 

area of Tianjin, China. Data were collected from the Physical Activity and Health in Tianjin 

Chinese Children study (PATH-CC), involving 3–6-year-olds healthy children and their 

families (n = 980). Results showed that ‘having grandparents as the primary caregivers’ was 

related to more time spent in SB, and less time in MVPA overall. More media exposure such as 

having a television or a computer in the child’s bedroom was related to more time spent 

sedentary. Furthermore, it also indicated that built environmental correlates such as convenient 

PA facilities may indirectly influence children’s leisure-time PA through parents’ help for doing 

active behaviours. 

 

Chapter 4 examined the relationship between environmental correlates and children’s 

objectively measured ST, LPA and MVPA in the Dutch preschool children. Data were derived 

from the GECKO (Groningen Expert Centre for Kids with Obesity) Drenthe birth cohort. 

Patterns of PA of 505 children, aged 4–7 years, measured by ActiGraph accelerometry, were 

used. Environmental correlates were collected using a questionnaire that included household 

characteristics, parental and children’s PA behaviours, and neighbourhood environment. This 

study showed that convenient neighbourhood PA facilities like parks and playgrounds had an 

indirect effect through parental support associated to lower children’s ST and higher MVPA. 

 

A summary of important correlates found in Chapter 3 and Chapter 4 is shown in Table 1. The 

identified association was expressed by a positive “+”, negative “−”, or no (coded with a “0”) 

association. This thesis confirmed that in both the two nations, boys are more active in MVPA 

than girls, and older preschoolers were more sedentary. 
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For children’s PA behaviours, data from the two nations both showed that ‘more outdoor play’ 

was related to less ST, but not MVPA. In Chinese children, active commuting to school by 

walking was related to less ST and more MVPA. Parental support for active behaviours was 

related to more PA in both the two nations. As shown in the table, the parental activity ‘taking 

child to play sports’ was related to less ST, more LPA and MVPA in the Dutch children, and 

parents ‘accompanying go to PA facilities’ was related to more leisure-time PA in Chinese 

children. Accessibility of recreational PA facilities could have an indirect positive influence on 

PA patterns. For example, it was related to lower ST and higher MVPA through parental support 

in the Dutch children, and enhanced children’s leisure-time PA through parental support in 

Chinese children as well. 

 

Physical activity patterns in preschool children 

Future efforts to effectively promote PA in young children through policy initiatives will depend 

on a proper understanding of PA behaviours in this age group. Identifying periods during the 

day, which are characterized by high levels of PA in some children and low levels in others, will 

help to identify key time slots for intervening and potentially changing PA behaviours. In 

Chapter 5 and Chapter 6, PA and ST distribution across the day in Chinese preschoolers and 

the Dutch preschoolers were checked, respectively. 

 

In Chapter 5, objectively measured ST and PA patterns of Chinese preschoolers during the day 

were described. Data were derived from the PATH-CC study. ST, LPA, and MVPA of 3–6-year-

olds children (n = 134) were measured using ActiGraph accelerometry. Results showed that 

Chinese preschoolers have low levels of PA, especially during school days. Children were less 

active during recess (12:00–14:00) and afternoon (14:00–17:00), and more active during late 

afternoon (17:00–18:00) and evening (18:00–21:00). Between active and less active children, 

the difference of MVPA was highest in the evening (4.1 min/hour) and on weekends/holidays 

(42.7 min/day). Children with overweight were more sedentary overall (44.6 min/day) 

compared to children without overweight. This study suggested that enhancing PA both in 

school and the home environment should be taken into consideration to prevent childhood 

obesity. 
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Chapter 6 examined the distribution of accelerometer-derived PA throughout the day in the 

Dutch children. Data were derived from the GECKO Drenthe cohort. Daily overall ST, LPA, 

and MVPA were measured using ActiGraph accelerometers in 4–7 years old children (n = 958). 

Results showed that children were most sedentary in the early morning (7:00–9:00) and evening 

(18:00–21:00), and most active in the afternoon (12:00–15:00) and late-afternoon (15:00–

18:00). The most active children were more active and less sedentary throughout the entire day 

compared to the less active children. Nevertheless, children with overweight were no less active 

than children without overweight. This study showed that different types of interventions may 

be suitable at different moments of the day, based on an analysis of young children’s natural PA 

patterns. 

 

Chapter 7 provides a general discussion on environmental characteristics and PA patterns in 

preschool children, with special attention for culture differences between China and the 

Netherlands. This thesis indicated that the socio-cultural environment may influence the natives’ 

PA behaviours, and the school schedule as well as the role of child caregivers might play an 

important role in preschool children’s daily PA patterns. Furthermore, some implications for 

future PA promotion were given, and promotion of PA was suggested already in preschool years. 

 

In conclusion, the present thesis focused on PA, SB, and environmental correlates in preschool 

children, both Chinese and Dutch preschoolers. For preschool children, a supportive family and 

a facilitating neighbourhood environment maybe important factors for the promotion of PA 

behaviours and lowering of SB in both the two nations. We suggest that PA promotion and 

intervention should start in preschool years, since it would be beneficial for keeping a healthy 

weight and for the development of healthy behaviours. The effective strategy should involve 

children and their families, school administrators and teachers, and also policy makers in 

ministries of health and education, as well as urban planners. We suggest that the government 

should take notice of the low level of PA among Chinese children and adolescents and take 

action. Besides, PA promotion for preschoolers should be considered as part of the local culture 

in different nations, and specifically target for less active children and children with obesity. 

Furthermore, scientific cooperation to identify regional environmental threats and improve the 

health of children globally is needed, along with using a longitudinal study design to test the 

influence of environmental changes. 
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Nederlandse Samenvatting 

De gezondheidsvoordelen van lichamelijke activiteit  tijdens de eerste levensjaren worden 

steeds meer erkend. Bovendien hebben ervaringen in de vroege levensfase een belangrijke 

invloed op gezondheid en gedrag op volwassen leeftijd. Voldoende lichamelijke activiteit bij 

kinderen is een wereldwijde zorg. Onderzoek naar oorzaken van lichamelijke inactiviteit en 

zittend gedrag (SB) op de kinderleeftijd is nodig als basis voor interventies die bijdragen aan 

het voorkomen van overgewicht en ziekte op latere leeftijd.  

 

De onderzoeken die beschreven zijn in dit proefschrift richten zich op omgevingsfactoren die 

gerelateerd zijn aan beweegpatronen bij kleuters in Nederland en China. China heeft het hoogste 

aantal inwoners ter wereld. Inzicht in de determinanten van lichamelijke inactiviteit in de 

Chinese samenleving zal daarom bijdragen aan de wereldwijde preventie van chronische 

ziekten. Lichamelijke inactiviteit is uitgebreid beschreven bij Chinese volwassenen, maar er is 

minder bekend bij kinderen. 

 

In hoofdstuk 2 is een literatuuroverzicht beschreven over determinanten van lichamelijke 

activiteit bij Chinese kinderen en adolescenten. Het laat zien dat Chinese kinderen en 

adolescenten een laag activiteitsniveau  hebben. Er zijn geen onderzoeken gepubliceerd over 

kleuters. Belangrijke determinanten zijn geslacht, zelfeffectiviteit (met name bij adolescenten), 

lichamelijke activiteit van de ouders en mate van urbanisatie.  

 

Omgevingsfactoren en lichamelijke activiteit 

Hoofdstuk 3 en hoofdstuk 4 beschrijven de verbanden tussen omgevingsfactoren en 

lichamelijke activiteit in respectievelijk Chinese en Nederlands kleuters. In beide landen is de 

lichamelijke activiteit gemeten met behulp van drie-dimensionale accelerometrie (ActiGraph 

GT3X, Pensacola, FL, VS). De mate van lichamelijke activiteit is geclassificeerd naar de tijd 

die doorgebracht wordt op een bepaalde intensiteit: zittend gedrag (sedentair) , lichte intensiteit 

(rustig spelen, puzzelen, tekenen) en medium-tot-hoge intensiteit (huppelen, tikkertje, rennen, 

fietsen). Lichamelijke activiteit is in een grotere groep Chinese kinderen ook in kaart gebracht 

met vragenlijsten. Omgevingsfactoren zijn bepaald met vragenlijsten en verdeeld in vier 

domeinen: gebouwde omgeving (sportvoorzieningen, verkeersveiligheid, wegennet en 

milieukwaliteit), sociaal-culturele omgeving (sociale netwerken, ouderlijke ondersteuning), 
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thuisomgeving (samenstelling huishouden, huisdieren, auto's, tuin, lift, televisies en computers) 

en natuurlijke omgeving (weer, temperatuur en luchtkwaliteit). Dit laatste domein wordt niet 

behandeld in dit proefschrift. 

 

Hoofdstuk 3 is gebaseerd op onderzoek bij kleuters in het stedelijke gebied van Tianjin, China 

(PATH-CC studie). In deze studie deden gezonde kinderen mee van 3–6 jaar oud, samen met 

hun families (n = 980). Het hebben van grootouders als primaire zorgverleners gaat samen met 

meer tijd zitten en minder tijd met bewegen op medium-tot-hoge intensiteit. Meer 

mediablootstelling evenals het hebben van een televisie of een computer op de slaapkamer van 

het kind is gerelateerd aan meer zitten. Verder blijkt dat de gebouwde omgeving, zoals 

aanwezige voorzieningen voor kinderen om actief buiten te spelen, de lichamelijke activiteit 

van kinderen positief beïnvloedt en dat dit wordt versterkt als ouders hun kinderen begeleiden 

in hun activiteiten. 

 

Hoofdstuk 4 beschrijft de relaties tussen omgevingsfactoren en de objectief gemeten 

lichamelijke activiteit (tijd zittend, lichte activiteit of medium-tot-hoge activiteit) van 

Nederlandse kleuters. De gegevens zijn ontleend aan het geboortecohort GECKO (Groningen 

Expert Centre for Kids with Obesity) Drenthe. Volledige data van beweegpatronen en 

omgevingsfactoren waren beschikbaar voor 505 kinderen in de leeftijd van 4–7 jaar. Het 

onderzoek laat zien dat laagdrempelige speelvoorzieningen in de buurt, zoals parken en 

speeltuinen, gerelateerd zijn aan minder zitten en meer activiteiten van medium-tot-hoge 

intensiteit, vooral als ouders hun kinderen begeleiden bij dit soort activiteiten. Dit was 

vergelijkbaar met de Chinese situatie.  

 

In beide landen is ‘meer buiten spelen’ gerelateerd aan minder zittend gedrag, maar niet aan 

bewegen in matig-tot-hoge intensiteit. Bij Chinese kinderen is lopend ‘woon-werkverkeer’ 

gerelateerd aan minder zitten en meer matig-tot-hoog intensief bewegen. Ook was ouderlijke 

support van actief gedrag gerelateerd aan meer lichamelijke activiteit in beide landen.  
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Beweegpatronen bij kleuters 

Voor het effectief bevorderen van lichamelijke activiteit bij jonge kinderen is een goed begrip 

van beweegpatronen in deze leeftijdsgroep gewenst. Het identificeren van periodes gedurende 

de dag waarop kinderen juist erg actief zijn, of erg sedentair, kan hierbij helpen. Hoofdstuk 5 

en hoofdstuk 6 beschrijven de verdeling van lichamelijke activiteit en zittend gedrag over de 

dag in Chinese en Nederlandse kleuters. 

 

In hoofdstuk 5 worden objectief gemeten beweegpatronen beschreven bij 134 Chinese kleuters 

(3–6 jaar) uit de PATH-CC-studie. De resultaten laten zien dat Chinese kleuters lage 

activiteitsniveaus hebben, lager dan die van de Nederlandse kinderen (Hoofdstuk 6), vooral 

tijdens schooldagen. Kinderen zijn minder actief tijdens de lunchpauze en middag, en actiever 

tijdens de late namiddag en avond. Tussen actieve en minder actieve kinderen is het verschil in 

activiteit over de hele dag zichtbaar, maar het grootst in de avond en in weekends/op feestdagen. 

Kinderen met overgewicht vertonen meer zittend gedrag dan kinderen zonder overgewicht. 

Deze studie suggereert dat het in stedelijk China zinvol is om  lichamelijke activiteit zowel op 

school als in de thuisomgeving te stimuleren, om inactiviteit en overgewicht tegen te gaan. 

 

Hoofdstuk 6 beschrijft de objectief gemeten beweegpatronen van 958 Nederlandse kleuters (4–

7 jaar) uit het GECKO Drenthe cohort. Kinderen spenderen de meeste tijd zittend in de vroege 

ochtend en avond, en zijn het meest actief in de middag en namiddag. De meest actieve kinderen 

waren de hele dag door actiever dan de minder actieve kinderen. Echter, kinderen met 

overgewicht waren niet minder actief dan kinderen zonder overgewicht, zoals we dat in China 

wel zagen (Hoofdstuk 5). Deze studie laat zien dat er meerdere momenten op de dag zijn dat 

inactieve kinderen gestimuleerd kunnen worden om actiever te bewegen.  
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Discussie, conclusie en aanbevelingen 

Het proefschrift wordt in hoofdstuk 7 afgesloten met een algemene discussie over 

omgevingsfactoren en lichamelijke activiteit bij kleuters, met speciale aandacht voor sociaal-

culturele verschillen tussen China en Nederland. Zowel activiteiten op school als van 

ouders/verzorgers spelen een belangrijke rol in de dagelijkse lichamelijke activiteiten van 

kleuters. Er worden enkele suggesties gegeven voor het stimuleren van PA, gericht op minder 

actieve kinderen en kinderen met overgewicht, onder andere om hiermee te beginnen op 

voorschoolse leeftijd en aandacht te besteden aan een omgeving die het bewegen en actief 

spelen mogelijk maakt. Voor een effectieve strategie moeten kinderen en hun families, 

schoolbestuurders en leraren worden betrokken, maar ook beleidsmakers en stadsplanners. Wij 

stellen voor dat de overheid bewust wordt van het lage niveau van lichamelijke activiteit bij 

Chinese kinderen en adolescenten en actie onderneemt. Wetenschappelijke samenwerking kan 

helpen bij de identificatie van omgevingsfactoren die bijdragen aan de wereldwijde gezondheid 

van kinderen. Daarnaast is longitudinaal onderzoek noodzakelijk om het effect op gezondheid 

te bestuderen van veranderingen in omgevingsfactoren. 
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中文摘要 

儿童期充足的体力活动对机体所产生的健康效益已逐渐被认识。此外，童年早期的

生活经历，对于健康乃至终身行为习惯的养成都具有重要意义。当前儿童体力活动不足

这一现状已成为全球关注的问题。了解儿童时期影响其体力活动及静态行为的决定因素，

有利于对其采取以证据为支持的措施进行干预。本论文的主要目的是探讨环境因素对学

龄前儿童体力活动模式的影响（见下图，第 2-4章）。为深入了解儿童的体力活动行为，

第 5章和第 6章分别对中国和荷兰儿童的日常体力活动（包括轻度体力活动及中重度体

力活动）及静态行为模式进行了分析。同时，本文也探索了儿童的体力活动和静态行为

与超重/肥胖之间的关系。 

 

 

 

 

 

 

 

 

 

 

 

图2 论文研究概述 

 

 

 

环境影响因素 

体力活动 

健康相关指标  

- BMI 

 

荷兰儿童的体力

活动模式 

中国儿童的体力

活动模式 

第 2-3章 
 

第 4章 
 

第 6章 
 

第 5章 
 

第 5章 
 

第 6章 
 



Chapter 8

228

  

                             

 

图
3 

学
龄

前
儿

童
体

力
活

动
的

影
响

因
素

的
生

态
学

模
型

 

环
境
决

定
因

素
 

社
会

文
化

环
境

 

社
会

支
持

-来
自

家
庭

和
社
区

 

父
母

的
支

持
(
陪

同
骑

车
/
运

动
/外

出
/去

运
动
场

所
) 

家
庭

环
境

 

 

住
房

属
性
 

 
家

中
养

狗
 

 

汽
车
 

 
花

园
 

电
梯
 

电
视

机
/电

脑
 

自
然

环
境

 

 

建
成

环
境

 

运
动
设
施
 

交
通

路
网
 

 
环

境
质

量
 

 

交
通

安
全
 

 天
气

状
况
 

 温
度
 

 

空
气
质
量
 

 

同
伴

支
持
（

兄
弟
姐

妹
）
 

日
常

骑
行
，

外
出
骑

行
 

儿
童
的

运
动
行

为
 

 

户
外

运
动
 

积
极

的

交
通

方

式
-步

行

上
学
 

静
态
时
间
 

轻
度

体

力
活
动
 

 

中
、

重
度

体
力
活

动
 

 

个
体

内
在

因
素

 

性
别
 

年
龄
 

父
母

年
龄
 

社
会

经
 

济
状

态
 

家
庭
成
员
结
构

（
单
亲
家
庭
，

祖
父
母
作
为
儿
童
看
护
者
）
 

种
族
 



中文摘要

8

229

 

 

体力活动影响因素研究 

    中国是世界上人口最多的国家，了解影响中国人群体力活动不足的决定因素，有助

于缓解国民长期以来缺乏体力活动的趋势，并有利于全球慢性非传染性疾病的预防。当

前，中国成年人群体力活动不足已成为广泛关注的问题，然而这一状况在儿童和青少年

中尚缺乏有效的认识。本文第 2 章对中国儿童和青少年体力活动影响因素的研究进行了

系统性综述。该综述共纳入了发表于 2002 年至 2016 年期间的 42 篇英文文献。综述归

纳后发现多数中国儿童和青少年的体力活动处于较低水平，此外，缺乏针对学龄前儿童

体力活动研究的文献报道。研究发现儿童的性别，自我效能，父母的体力活动以及都市

化是中国儿童和青少年体力活动的重要影响因素。此外，由于当前纳入的研究多数为横

断面研究，且对同一因素研究的数量不足等原因，很多因素的作用尚不明却。研究提示

需要进一步探索其他因素对于体力活动的影响，特别是要加强儿童早期体力活动的环境

因素的研究。 

 

第3章和第4章分别在中国儿童和荷兰儿童中，研究环境因素对体力活动和静态时

间的影响。图3汇总了本文所研究的学龄前儿童体力活动的影响因素。 

 

    图 3注：本文研究父母感知的环境因素对学龄前儿童体力活动模式的影响。根据

加速计测量结果将儿童的体力活动模式（位于图中核心位置）按照运动的强度分为静

态时间、轻度体力活动以及中、重度体力活动。环境因素包括建成环境（如运动设

施、交通安全、交通路网和环境质量），社会文化环境（来自家庭和社区的社会支持，

以及父母和同伴的支持），家庭环境（房屋属性、家中是否养狗、家庭是否拥有的汽

车、花园、电梯、电视机和电脑）以及自然环境（天气状况、温度及空气质量）。个体

内在因素对儿童的体力活动模式有直接影响，在此图中显示在内环位置，包括儿童的

性别、年龄、种族、社会经济状态、父母的年龄和家庭结构。由于父母感知的环境会

影响到儿童的行为，从而影响儿童体力活动水平，因此运动行为位于中环，包括户外

运动、日常交通方式等。部分研究结果如自然环境等相关数据并未在本论文中呈现。
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第 3章调查环境因素对中国天津城市学龄前儿童体力活动和静态行为的影响。数据

来自于天津儿童体力活动与健康研究（PATH-CC），包括 980名 3至 6 周岁的健康儿童和

他们的家庭。结果显示，祖父母作为儿童的主要看护者与儿童静态行为的增加以及中重

度体力活动的降低有关。家庭中的媒体暴露如儿童的卧室摆放电视机或者电脑，与儿童

闲暇时间静态的延长有关。此外，建成环境因素如居住社区周边便利的运动设施，可通

过促进家长陪伴儿童去该场所的频率增加或者是儿童长时间的户外运动，间接促进儿童

闲暇时间运动量的提高。 

 

第 4章调查环境因素对荷兰儿童体力活动及静态时间的影响。研究对象来自荷兰格

罗宁根儿童肥胖出生队列（GECKO）。研究采用加速计测量 4至 7岁儿童的体力活动及静

态时间（n = 505）。对家长通过问卷调查收集环境影响因素，包括家庭因素、父母和儿

童的行为，以及居住环境因素。研究发现，即便是在荷兰远离城市的地区，居住地社区

周边便利的运动设施，同样有助于家长陪同儿童进行运动，从而间接降低儿童的静态时

间，并提高儿童的中重度体力活动水平。 

 

对第3、4章研究中重要因素汇总后发现（见Table1），两国儿童中男孩的中重强

度的体力活动水平均高于女孩，并且年龄大的儿童静态时间更长。两组数据均显示儿

童长时间的户外运动与降低其静态时间有关，但未发现户外运动与中重度体力活动之

间的关系。研究发现中国儿童步行上学有利于降低其静态时间并增加重度体力活动时

间。两组数据均表明，父母对儿童运动的积极支持有助于提高儿童的运动水平，此外 ，

在父母的协助下，社区便利的运动设施有助于间接提高儿童的运动量。 
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学龄前儿童体力活动模式研究 

从决策者角度出发，为制定有效措施提高儿童的体力活动水平，需要全面了解儿

童的体力活动模式。因此，识别哪些儿童在一天中的某个特定时段处于高（或低）水

平的活动状态，有助于在对应时间采取针对性的措施进行干预，从而改善儿童的行为

模式。第5章和第6章分别对中国儿童及荷兰儿童的日常体力活动模式进行了分析。 

 

    第5章采用客观评价的方法，对中国城市学龄前儿童的日常体力活动模式进行分析。

数据来自于天津儿童体力活动与健康研究（PATH-CC），采用加速计客观测量 3至 6周岁

儿童（n = 134）的日常静态时间，轻度体力活动及中重度体力活动时间。结果表明该

组学龄前儿童的体力活动水平较低，尤其是在上学日。在一天当中，儿童在中午（12:00–

14:00）和下午（14:00–17:00）的活动水平最低，在傍晚（17:00–18:00）和晚上（18:00–

21:00）处于较高的活动水平。在活跃和欠活跃的儿童中，中重度体力活动最大的差距出

现在晚上（4.1 分/小时）和周末/节假日（42.7 分/天）。受超重（或肥胖）影响的儿童

比体重正常的儿童静态时间更长（44.6分/天）。研究建议早期预防儿童期肥胖，在学校

和在家庭环境中均需采取措施来提高儿童的体力活动水平。 

 

第 6 章对荷兰儿童的体力活动模式进行了分析。研究对象来自荷兰 GECKO 出生队

列，采用加速计对 4至 7岁的儿童（n = 958）的日常体力活动进行测评，包括静态时

间，轻度体力活动及中重度体力活动时间。结果显示，荷兰儿童在一天中的早上（7:00–

9:00）和傍晚（18:00–21:00）静态时间较长，而在下午（12:00–15:00）和（15:00–18:00）

期间最为活跃。跟欠活跃的儿童相比，活跃的儿童在各个时间段都表现出较多的体力活

动以及较少的静态时间。研究发现在学龄前阶段，儿童期超重（肥胖）受体力活动模式

的影响较小。研究提示对儿童体力活动的干预，应该在基于分析其活动模式的基础上，

在不同的时间采用与之相应的干预方式。 
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第7章针对环境因素与学龄前儿童体力活动模式之间的关系，就中国和荷兰两国民

族间文化背景的差异进行了深入探讨。文中指出社会文化环境会对当地居民的体力活

动行为产生影响，如学校的作息制度和儿童看护者或许在儿童的日常体力活动模式的

形成中发挥了重要作用。此外，本文探讨了在未来体力活动干预中应注意的问题，建

议早期干预应从学龄前阶段开始。 

 

小结  

本文就环境影响因素与学龄前儿童体力活动模式之间的关系，分别在中国儿童及荷

兰儿童中进行了探讨。研究发现在中国和荷兰学龄前儿童中，有利的家庭和社区环境可

能是提高儿童体力活动并降低其静态时间的重要因素。为便于儿童健康体重和良好行为

习惯的早期养成，本文建议应从学龄前阶段开始对儿童进行体力活动的健康促进和干预。

有效的协作需要儿童和其家庭，以及学校管理人员、教师，和卫生及教育部门决策者的

共同参与。建议相关部门及时关注中国儿童和青少年体力活动不足这一现状，并采取相

应措施。此外，对学龄前儿童体力活动的健康促进，应在考虑不同民族间文化背景差异

的基础上，对特定人群如不爱运动的儿童或是受肥胖影响的儿童采取针对性的措施。为

促进全球儿童的健康，今后的研究需要地区间的合作来识别不同区域特定的环境风险，

推荐采用纵向的队列研究设计，并监测环境的改变对于健康的影响。 
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INTRODUCTION 

Physical activity (PA) is an acknowledged component of energy-balance-related behaviours. 

More PA at the cost of sedentary time (ST) may improve energy balance as well as fitness. From 

a global perspective, a lack of PA has been identified to be the fourth leading risk factor for 

mortality.[1] Available data showed that globally one third of adults and four out of five 

adolescents do not reach public health guidelines on recommended levels of PA. This is not 

only limited to high-income countries, but is also increasingly found in low- and middle-income 

countries [2], for example, a developing country like China. Living in an increasingly urbanized 

country with rapid economic development, Chinese people have been and will be facing huge 

changes in the local environment.[3] As a result of urbanization, citizens’ daily lives are 

accompanied by crowdedness, passive commuting [4], and air pollution [5], in parallel with a 

rapidly increasing rate of inactivity.[6] Physical inactivity is already a key factor in adult health 

in Chinese society.[4, 7] It contributes between 12% and 19% to the risks associated with the 

five major non-communicable diseases in China, namely coronary heart disease, stroke, 

hypertension, cancer, and type 2 diabetes.[8] 

 

China owns the largest number of population in the world, with more than 13 billion people. 

Understanding determinants of PA in Chinese society could reduce the effect of future 

epidemics of inactivity and contribute to effective global prevention of non-communicable 

diseases. Published literature showed a growing number of studies on determinants of PA 

among Chinese, but mainly on adults, and less on school-age children, and none focused on 

preschoolers. The health benefits of sufficient PA during preschool years are increasingly being 

recognized, e.g., prevention of obesity, and improved physical fitness, motor skills, and 

psychological development.[9, 10] Besides, literature indicated that PA tracks from early 

childhood to school age, and a stable level is maintained from school age years to adulthood.[11, 

12] Early life experiences have an important impact on lifelong behaviour and health.[13] To 

make PA promotion programs from early childhood effective, it is necessary to know more 

about the determinants of PA, for example, characteristics of the social family environment, 

built environment, and school environment.[14] 

 

Research about correlates (factors associated with activity) or determinants (those with a causal 

relationship) of PA mostly focused on individual-level factors in high-income countries in the 

past two decades.[15] It is shown that age, sex, health status, self-efficacy, and motivation are 
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associated with PA. Literature on western countries showed that environmental characteristics 

can play an important role in children’s PA. Factors such as walkability, traffic speed/volume, 

access/proximity to recreation facilities, land-use mix, and residential density were correlated 

to PA in children.[16] Chinese citizen’s PA environment is limited by a series of factors, such 

as closed communities, high-density neighbourhoods, mixed vehicles and bicycle roads. Since 

the Chinese society may know other determinants of PA in children than western societies, this 

information is also needed to design effective interventions and public health programs in China. 

 

The trend of being obese has spread into every age group of Chinese citizens, and is very 

pronounced in children.[17, 18] Taking Tianjin as an example, the fourth largest city of China 

with over 15.2 million residents, the prevalence of overweight and obesity was 12.5% and 

15.7%, respectively in school-age children in 2010.[19] A recent report showed that the 

prevalence of obesity in Tianjin preschoolers increased from 8.8% in 2006 to 10.1% in 2010, 

and then remained stable until 2014 among children aged 5–6 years old.[20] Failed experiences 

from obesity interventions in school-age children suggest that we may be missing the critical 

period of early interventions [21], and the preschool years may be a better choice.[22, 23] More 

and more evidence supports that promoting PA during preschool years could provide profound 

health benefits during the whole childhood.[9, 13, 24, 25] 

 

Urbanization in China is a long-term strategy, lead by the government since Chinese economic 

reform in the late 1980s, aiming at prosperity. With large numbers of people moving into cities 

for jobs and better education for the next generation, large cities are expanding at an 

unprecedented rate. Small towns also developed quickly with more immigrants from rural 

regions. The proportion of the urbanized population in China has increased from 18% in 1978 

to 47% in 2009, and it is expected that one billion people will live in Chinese cities by 2030.[3] 

Information on urban planning, transportation systems, and parks and trails are also needed for 

Chinese public policy makers. Especially multiple strategies are needed to develop a 

coordinated approach to the rapidly urbanization and its unavoidable adverse health effects.  

 

In this study, we aim to identify the environmental correlates of PA assessed by both objective 

and subjective methods in preschool children living in the urban city of Tianjin, China. For a 

proper understanding of PA behaviours in preschoolers, patterns of ST and PA will be described. 

Besides, the relationship between ST, PA and weight-related health outcomes will be identified. 
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These results will support key strategies for urban design and development in china to support 

increased PA, and deepen the understanding of the link between PA and human health. 

 

METHODS AND ANALYSIS 

Study design 

Physical Activity and Health in Tianjin Chinese Children study (PATH-CC) is designed as 

across-sectional observational study. Approximately 1000 healthy children aged 3 to 6 years 

living in urban areas of Tianjin, China, are being recruited as volunteers. Data on PA, weight 

related health outcomes, lifestyle, social and environmental factors will be collected in the year 

2015. Details are described below according to the checklist for reporting of observational 

studies in Epidemiology (STROBE).[26] 

 

Setting 

Data will be collected in urban areas of Tianjin. Tianjin is the fourth largest city in northern 

China with over 15 million residents in 2015. The city is located in Northern coastal China, and 

67 miles southeast of the capital Beijing. Tianjin is a typical city representative of the Chinese 

urban development, and has a deep impact on surrounding cities in Bohai Economic Rimby its 

urban planning. Urban areas of Tianjin that are suitable for inclusion in this study are six urban 

districts (Heping, Hexi, Hebei, Nankai, Hedong and Hongqiao), and parts of four suburban 

districts (Beichen, Xiqing, Jinnan and Dongli). This is due to the urbanization, when more and 

more new communities are built in suburban areas and able to accommodate a large number of 

citizens.  

 

Participants  

Healthy children aged 3 to 6 years will be invited to join the study. Volunteer recruitment will 

be based on multiple sampling strategies. Four districts (two urban districts and two suburban 

districts) will be selected randomly. Preschools located in the neighbourhood with middle level 

socioeconomic status will be selected at random. If a selected preschool refuses to join the study, 

it will be replaced by another one.  

 

At baseline, the health information of diseases will be provided by the school nurse according 

to the report of the annual physical examination of Tianjin Woman and Children Health Centre. 
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Children with any diseases that could seriously influence daily PA (such as incapable of 

movement, asthma, cardiovascular diseases) will be excluded from the study. 

 

Procedures  

A pilot study (n = 50) has been performed for validation of the questionnaires in 2014. The 

volunteer recruitment (n = 1000) will be launched in preschools in March of 2015, and the plan 

is to finish data collection in one year. At baseline, the child and family information, child’s ST, 

PA and lifestyle information, household and environmental characteristics will be reported by 

parents via a questionnaire. Child health outcomes and weight will be measured in preschools. 

ST and PA will be measured in a subgroup of children volunteers via accelerometry. Figure 1 

shows the flowchart of the data collection in this study. 

 

 

 
Figure 1 Flowchart of the procedure of data collection 

 

Child volunteers recruitment in preschools 
(n=1000) 

(March to April, 2015) 

Questionnaire interview for parents  
(May to June, 2015) 

 

Health outcome measurements for 
children in preschools 
(May to June, 2015) 

Physical activity measurement by 
ActiGraph for a subgroup child volunteers  

(June to November, 2015) 
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Variables and measurement 

Health outcomes  

Children’s health outcomes are measured in preschools by trained researchers and school nurses, 

including height and weight, waist and hip circumference, skinfold thickness and blood 

pressure measurements. Children are measured in the presence of their teachers in the nurse’s 

office, and an additional measurement will be planned for the child who misses it. Each 

measurement will be taken by two researchers, one in charge of measurement and another for 

assisting with the right posture of the child. Each measurement (height, weight, waist and hip 

circumference) will be repeated twice, and an average will be computed. For skinfold thickness 

and blood pressure, measurements will be repeated three times, and at least two similar 

recordings will be taken. 

 

Height and weight are measured without shoes and in light clothing using a stadiometer (to 

the nearest 0.1 cm) and digital scale (to the nearest 0.01 kg). The standardized Body Mass Index 

z-score (zBMI) of children is calculated using the LMS method; overweight and obesity will 

be classified according to the age- and gender-specific cut-offs of Cole and colleagues.[27] 

Waist and hip circumference are measured at the end of a free expiration by a non-elastic tape. 

Waist circumference is measured between the lower margin of the last palpable rib and the top 

of the iliac crest. Hip circumference is measured around the widest portion of buttocks.[28] 

Two right sites of body skinfold thickness, triceps and subscapular, are chosen as an indicator 

of body fat mass. The measurement is taken with a skinfold thickness caliper to the nearest 0.1 

mm. Triceps skinfold thickness is measured approximately 2.0 cm above the mid-arm 

circumference mark. Subscapular skinfold thickness is measured at an angle of 45° to the lateral 

side of body roughly, at 2.0 cm above and medial to inferior angle of right scapula.[29] Blood 

pressure (BP), a risk factor of cardiovascular diseases, is measurement after the anthropometric 

measurements by experienced school nurses using a mercury sphygmomanometer in a quiet 

room. An appropriately sized cuff will be chosen for each child. The measurement of BP is 

followed by recommended techniques.[30] Three measurements will be taken on right arm with 

the child in sitting position. A child will be measured on another day if his/her blood pressure 

is equal to or higher than the 90th percentile, or exceeding 120/80 mmHg. 
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Parents reported leisure time sedentary behaviour and activities 

An adapted leisure time activities questionnaire for Chinese preschool children will be used in 

this study. The questionnaire aims to assess SB and PA among preschoolers during leisure time. 

In this study, leisure time was defined as time spent outside school hours on weekdays 

(including interest classes after school and time spent outdoors and at home, but not travel time) 

and entire weekend days. The items of leisure time activities were adapted from a seven-day 

PA questionnaire for Chinese primary school pupils, which showed a reliable estimate of the 

PA done during the past week in Chinese children.[31] The items of leisure time SB were 

adapted from the Neighbourhood Impact on Kids Survey-Sedentary Behaviours.[32] A pilot 

study (N = 50) has been performed to select items of activities for preschoolers by face to face 

interview to parents, and five sedentary behaviours and twelve physical activities are chosen 

for the questionnaire. The leisure time SB questionnaire included reading, writing or drawing; 

watching TV; playing with toys (stationary but moving arms); playing with mobile phone, tablet 

or electronic games; and using a computer. The leisure time PA questionnaire included running; 

football; climbing stairs; walking; ‘Naughty castle’; playing on slide or swing; cycling; roller 

skating or scootering; dancing; taekwondo or other sports; climbing hills; and swimming. 

Parents reported the frequency and duration of these items, for example, how many minutes per 

day on average their children spent on each item during leisure time on schooldays in the past 

week (response categories ranged from 0 to 5 days) and on days over the past weekend 

(response categories ranged from 0 to 2 days). The average number of minutes was computed 

to obtain an overall average estimate for SB or PA during leisure time per day. 

 

Objective measurement of sedentary time and physical activity  

Tri-axial accelerometry (ActiGraph GT3X) will be used for objective measurement of daily ST 

and PA. The device is a non-invasive, water resistant, and light-weighted (19 grams) device. It 

provides an objective measure of intensity and duration of PA, and the frequency (bouts) of 

periods spent in a certain intensity of activity. It has been widely used in preschool children 

with a good validity.[33] The monitor will be affixed above the iliac crest of a child’s right hip 

with an adjustable elastic belt.[34] Researchers will supervise the first time children wear the 

ActiGraph, for all children in classroom, with exact wear instructions. Instruction manuals for 

wearing the ActiGraph will be given to both main caregiver and school teacher. The school 

nurse, who is familiar with the school environment, accompanies the whole measurement. 

During the measurement, the main caregiver will fill in an ActiGraph diary with details of 
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wearing periods for 7 days. The teacher will help children to adjust right position of monitors 

in preschool. The school nurse will remind parents to check children’s daily wearing by sending 

group messages via ‘Xiaoxuntong’ (http://xxt.135-139.com/index.jsp). Researchers will 

support all participants with instruction using ‘Wechat’ during the whole measurement period. 

(https://weixin.qq.com/). Child volunteers should wear the ActiGraph during all waking hours 

for seven days, except while bathing or swimming.[35] Parents will send back the ActiGraph 

and diary to school nurse after the measurement. If the child volunteer did not wear the 

ActiGraph according to the manual instruction, the monitor will be send back to the child for 

additional measurements. Raw data of ActiGraph will be analyzed by Actilife with a standard 

protocol. 

 

Outdoor play 

To enhance outdoor activity may be an effective way for preschool children to be more active. 

The perceived child’s outdoor play by parents will be asked for in this study, since it has been 

shown to significantly correlate to direct measurements of PA by accelerometry.[36] Questions 

are adapted from previous studies in the Netherlands.[37, 38] Child’s outdoor play will be 

reported in frequency and duration for the past seven days, and given in minutes per week. 

 

Active commuting 

Parents will report their child’s type and frequency of commuting to school in the previous five 

school days. Walking to school will be recoded into active commuting. Based on the pilot study, 

the question on cycling was removed from our questionnaire, as it is impracticable in urban 

China for preschool children. If the caregiver brings the child by car, by bike/electric bicycle, 

or by bus/subway, it will be recoded into inactive commuting. The distance from home to school 

will be measured as a confounder, both by parent’ report and direct calculation of a digital map 

(Baidu). Commuting in leisure time will also be reported using the same method.  

 

Environmental characteristics 

Environmental characteristics were assessed using a revised and translated questionnaire. The 

level of internal consistency of the revised scales was acceptable in this study. Parents reported 

their perception of traffic safety, social support from family and communities and 

environmental quality in the neighbourhood. For the presence of PA facilities, parents reported 

their presence for six items (e.g., park, playground) within a defined distance in their 
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neighbourhood (e.g., within a five minutes’ walk or 20–30 minutes). Parents also reported their 

household characteristics (primary caregivers of their child, presence/absence of a lift, garden 

or car, the number of televisions/computers in the household, the presence of a 

television/computer in the child’s bedroom). During the period of data collection, weather data 

will be collected from the Tianjin Observatory. Data of air quality will be collected from the 

online database of Tianjin Environmental Protection Bureau.  

 

Covariates   

Child birth characteristics and demographic factors will be collected at baseline. Child’s gender, 

birth date, nationality and health status will be reported by parents. Parents will also report their 

family household address, family income, parental education levels and occupation information. 

Nutrition plays an important role in development of childhood overweight, and dietary 

information will be collected with a food frequency questionnaire. 

 

Data analysis  

For the descriptive analyses, data will be presented as rates in N and percentages, as means with 

standard deviations, or, if data were skewed, as the median with 25th to 75th percentile. To 

determine the relationships between potential correlates, PA patterns and ST, linear regression 

analysis adjusted for covariates will be conducted for each correlate. The significant variables 

will be analyzed by a multiple regression model. Missing values will be imputed by multiple 

imputations, if necessary. To examine the distribution of PA and ST of the children during the 

day and to identify which time slots differed from each other, a sensitivity analysis will be 

performed, using repeated measures ANOVA with hours as dependent variables. To examine 

the differences in PA and ST between groups, multiple linear mixed models, controlled for 

covariates will be performed. 

 

ETHICS AND DISSEMINATION 

The study will be conducted according to the principles of the Declaration of Helsinki (52nd 

WMA General Assembly, Edinburgh Scotland, October 2000) and in accordance with the 

Medical Research Involving Human Subjects Act (WMO), February 1998. The study protocol 

has been approved by the Ethics Committee of Tianjin Medical University 

(TMUhMEC2014001).  
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Written informed consent will be obtained from parents of all participants. All data will be 

handled confidentially and anonymously. Each volunteer will be identified by a unique 

identification number during the study, which is code connected with a combination of his/her 

full name, birthdate and family address. The principal researcher safeguards the key to the code. 

Only this principal investigator will have access to the source data. All written data will be 

stored as a PDF version after removing personal data. These data will be kept for a maximum 

of five years after the end of study or the last publication on these data. The data will be used 

for research that is aimed at children’s health. Each participant will receive a report on his/her 

physical examination and PA measurement. Results of the study will be presented at national 

and international scientific conferences, and published in international peer reviewed journals 

and doctoral theses.  

 

STRENGH AND LIMITATIONS 

An important strength of this study is the combination of both subjective and objective 

measurement of PA, which will allow adequate estimates for amount, but also type of PA. We 

selected participants based on differences in living environment, which are representative of an 

urban city’s development. The preschools are chosen to be representative of the geographic, 

social and economic profile of the city. Limitations of the present study include its cross-

sectional design, which precludes drawing conclusions on the direction or causality of the 

associations. The participants in this study are child volunteers. The children of parents who are 

more concerned about their child’s health would be more likely to join in this study.  
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ABSTRACT 

The global trend in inactivity in children may be related to psychosocial problems. We 

investigated the cross-sectional association between physical activity (PA) levels and 

psychosocial functioning in 3.4–7.3-year-old children. Children from the Dutch GECKO birth 

cohort (N = 898; 51.6% boys) had PA levels assessed objectively by accelerometry (ActiGraph 

GT3X) for at least three days. Linear regression analysis was used for associations with 

psychosocial functioning (parent report of the Strengths and Difficulties Questionnaire), 

controlling for gender, age and socio-economic status. Higher total and moderate-to-vigorous 

PA levels (MVPA) were associated with higher Total Difficulty scores, and sedentary time to 

lower Total Difficulty scores. More time spent in MVPA was significantly associated to 

“hyperactivity/inattention” in both boys (Standardized BBOYS = 0.192) and girls (Std.BGIRLS = 

0.139) whereas for time in sedentary behaviour, a reverse association was found only in boys 

(Std.BBOYS = −0.230). In boys only, more time in MVPA (Std.BBOYS = 0.154) and less time in 

sedentary behaviour (Std.BBOYS = −0.147), were significant determinants for ‘behavioural 

problems’. When using objectively measured PA, parents report more hyperactivity/inattention 

and behavioural problems in the more active children, and less in the more sedentary children, 

most clearly for boys. High levels of PA might be an indicator for psychosocial problems in 

young children. 

 

Keywords: Motor activity; mental health; child; preschool; accelerometry; questionnaires 
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Introduction 

About 15–26% of children studied in epidemiological research regarding behaviour show 

notable symptoms of developing psychosocial problems (Fuchs, Klein, Otto, & von Klitzing, 

2013). Problems with psychosocial functioning in young children can be defined as behavioural, 

emotional and social problems which could eventually result in several disorders, like conduct 

disorder, attention-deficit/hyperactivity disorder (ADHD), major depressive disorder, anxiety 

disorders or mood disorders in later childhood, adolescence and adulthood (American 

Psychiatric Association, 2018; Nilsen, Gustavson, Røysamb, Kjeldsen, & Karevold, 2013). In 

addition, psychosocial problems may affect children’s learning and leisure activities, such as 

physical activity and participation in sports (Fuchs et al., 2013; Hasson et al., 2017; Lingineni 

et al., 2012). Nearly half of people display psychosocial disorders at some moment in their lives, 

with first onset usually early in life (Kessler et al., 2005). Therefore, early detection of 

psychosocial problems in young children is important, as it may contribute to prevention of 

more severe problems later in life. 

 

In children and youth physical activity (PA) can provide several health benefits, and it has also 

been associated with psychosocial functioning (Biddle & Asare, 2011; Nijhof et al., 2018; 

Spruit,  Assink, van Vugt, van der Put, & Stams,  2016). It has been shown that physiological 

effects of PA like norepinephrine and endorphins releases and larger blood supply to the brain 

can be related to better mental health, as cognitive functioning and mood increases and stress 

reduces (Spruit et al., 2016). Therefore, PA could serve as a modifiable factor in order to prevent 

psychosocial problems in children and youth. However, the global trend of increasing levels of 

physical inactivity and sedentary behaviour affects children as well, and this may result in more 

severe psychosocial problems during childhood and adolescence (Ahn & Fedewa, 2011; 

Mitchell & Steele, 2017).  In children, sedentary behaviour can be characterized as TV viewing, 

computer time, playing video games, i.e., screen time (Hamer, Stamatakis, & Mishra, 2009), 

and it also includes other activities in sitting or lying posture like playing with toys, drawing or 

reading books (Downing, Janssen, Cliff, Okely, & Reilly, 2019). 

 

A meta-analysis in children and youth from a wide age range (3–18y, mean age = 12.6, SD = 

2.9) found that greater physical activity was related to a lesser likelihood of experiencing 

detrimental mental health outcomes (Ahn & Fedewa, 2011).Unfortunately, the meta-analysis 

did not describe the results of children from different age groups, so specific results in young 
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children are not clear yet. A review study on early childhood (children younger than 6 years) 

reported that no clear conclusions could be drawn regarding relationships between physical 

activity and sedentary behaviour with psychosocial behaviour (Hinkley et al., 2014). The 

researchers warranted more studies on PA and sedentary behaviour, captured with objective 

measures such as accelerometry (Hinkley et al., 2014). Possibly, the lack of objective measures 

could have contributed to the inconsistent results, in addition to the relatively small number of 

studies that were found. 

 

Taken together, identifying the unique relationships between objectively measured levels of PA 

and sedentary behaviour with psychosocial functioning in young children may support early 

identification of problems, and thereby early intervention or prevention programs to avoid the 

development of more serious mental health problems later in life.  

 

The aim of the present study is to investigate the association between objectively measured 

levels of PA and sedentary behaviour with psychosocial functioning in young children. It is 

hypothesized that in these young children, high levels of PA are associated with lower scores 

on psychosocial problems and that high levels of sedentary behaviour are associated with more 

psychosocial problems.  

 

Methods  

Study design and participants 

Data was derived from the GECKO Drenthe cohort, a large ongoing prospective population-

based birth cohort study aimed to investigate the determinants of health in early life (Figure 1). 

All mothers from children born from April 2006 to April 2007 and living in Drenthe, a northern 

province of the Netherlands, were invited to participate during the third trimester of their 

pregnancy. Detailed information has been published elsewhere (L´Abée, Sauer, Damen, Rake, 

Cats, & Stolk, 2008). The data in the present study should be considered as cross-sectional. Age 

at time of data collection was defined by the date difference between moment of measurement 

and birth date (Sijtsma, Koller, Sauer, & Corpeleijn, 2015). Data on physical activity were 

collected between May 2011 and October 2013; the children were on average 5.6 years of age 

(5th – 95th age percentile: 4.3–6.9). Data on psychosocial functioning were collected between 

January 2011 and September 2013; the children were on average 5.8 years of age 5th – 95th 

age percentile: 5.3–6.3).
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The average age difference was 0.2  0.8 months, and a 95% confidence interval of −1.3 to 1.6 

years indicated that in 5% of children, psychosocial functioning was measured 1.6 years after 

the physical activity assessment, and that in 5% of children psychosocial functioning was 

measured 1.3 years before the PA assessment. 

 

The study was approved by the Medical Ethics Committee of the University Medical Center 

Groningen and performed in accordance with the Declaration of Helsinki and all parents gave 

informed consent. 

 

Measurements 

Height, weight, and socio-economic status 

At the age of six years, height and weight were measured by trained nurses from the municipal 

health services. Height and weight were measured by trained Youth Health Care nurses 

according to a standardized protocol. Weight was measured in light clothing using an electronic 

scale with digital reading, and recorded to the nearest 0.1 kg. Height was assessed using a 

stadiometer and recorded to the nearest 0.1 cm. Socio-economic status (SES) was assessed by 

a deprivation score based on postal code. The score has been provided by the Dutch Social and 

Cultural Planning Office of the Dutch government and is based on mean income, education 

level and unemployment rates (Dutch Social and Cultural Planning Office, 2018).  

 

Psychosocial functioning 

Psychosocial problems were assessed with the Dutch version of the Strengths and Difficulties 

Questionnaire (SDQ; Goodman, 1997). Parents completed the questionnaires, which were 

collected and processed by the municipal health services. The SDQ is a short questionnaire (25 

items), on positive attributes of the child as well as difficulties. It has good acceptability by 

respondents (Goodman, 2001). The items are grouped into five subscales, “prosocial behaviour” 

(i.e., being helpful), ‘emotional problems’ (i.e., unhappiness), ‘behavioural problems’ (i.e., 

conduct problems), ‘peer problems’ (i.e., friendless) and “hyperactivity/inattention” (i.e., 

restless). Every scale consists of five items that are equally weighted and scored on a 3-point 

scale from “not true”, “somewhat true” to “certainly true”. The prosocial scale is reverse scored 

and excluded from the total difficulties score (Goodman, 2001). When no more than one of the 

four subscale scores was missing the Total Difficulties score was prorated by substituting the 

mean. High scores indicate high symptom levels. The SDQ is considered to be a valid and 

reliable instrument for evaluating psychosocial functioning in children and youth. The proposed 
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five-factor structure has a satisfactory fit in children and adolescents (aged 3–16 years) 

(Björnsdotter, Enebrink, & Ghaderi, 2013; Goodman, 2001; Muris, Meesters, & van den Berg, 

2003). The internal consistency (Cronbach’s alpha) of the SDQ parent report is moderate to 

high, varying between 0.50 and 0.78 for the subscales and around 0.80 for the Total Difficulties 

in children and adolescents. Subscales with the lowest scores are ‘peer problems’, ‘emotional 

problems’ and ‘behavioural problems’ (Björnsdotter et al., 2013; Goodman, 2001; Theunissen, 

Vogels, de Wolff, Crone, & Reijneveld, 2015). Concurrent validity with the Child Behaviour 

Checklist (CBCL) is moderate to high, around 0.70 (Pearson correlation) (Muris et al., 2003; 

Theunissen et al., 2015). Retest stability of the SDQ parent report is satisfactory after two 

months (correlations between 0.75 and 0.91) (Muris et al., 2003) and after four to six months 

(correlations between 0.61 and 0.72) (Goodman, 2001). In nearly all studies mentioned earlier 

regarding psychometric properties of the SDQ, representative community samples were used. 

 

Physical activity 

PA in children was assessed using the ActiGraph GT3X (ActiGraph, Pensacola, FL). Parents 

of all children participating in the GECKO Drenthe birth cohort study were contacted to collect 

PA data of their child. Parents were instructed to let their child wear the ActiGraph on the iliac 

crest with an elastic belt on the right hip for four days, of which at least one weekend day, 

during all waking hours except while bathing or swimming. For valid measurements, wearing 

time had to be at least 600 minutes/day for at least three days, regardless whether these were 

week or weekend days. Non-wearing time of the ActiGraph was classified as a minimum length 

of 90 minutes without any observed counts. Cut-points were used to calculate time spent in 

sedentary vs light (240 counts per minute), light vs moderate PA (2120 counts per minute), and 

moderate vs vigorous PA (4450 counts per minute) (Butte et al., 2014). An epoch time of 15 s 

was used for analyses. Data were collected using a frequency of 30 Hz. All children with 

wearing time ≥ 840 minutes/day (14 hours/day) were checked manually for sleeping time. 

Sending the accelerometers by post sometimes resulted in a valid wearing day (> 10 h/day). 

These postmen days were identified by low light activity (≤ 100 min/day) and deleted (Sijtsma 

et al., 2015). 
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Statistical Analysis 

Values are presented as numbers (%), means (± standard deviations) and range (minimum- 

maximum). Skewed or ordinal variables are presented as median (25th and 75th percentile) and 

were ln-transformed for linear regression analysis. SES scores were used as a continuous 

variable in the analyses but shown in Tables as three categories: scores below −1 were 

considered as low SES and scores above +1 as high SES. The remaining scores were considered 

as “middle SES”. Differences in gender were compared using non-parametric tests (Mann-

Whitney U) because most PA variables were not normally distributed. The associations between 

PA and psychosocial functioning were investigated using Spearman correlations (rs). When 

associations were significant, linear regression analyses were conducted with adjustment for 

age at psychosocial functioning assessment, age at PA assessment, gender and SES. If necessary, 

variables were ln-transformed. To investigate gender differences, interaction models for gender 

were studied. Standardized beta coefficients and unstandardized beta coefficients with 95% 

confidence intervals were shown for regression analyses. An alpha level lower than 0.05 was 

considered significant. Statistical analyses were conducted using IBM SPSS Statistics 23 for 

Windows (SPSS Inc., Chicago, IL). 

 

Results 

Descriptives 

Of the 2875 children that ever participated, 2203 were seen by Youth Health Care nurses at 

kindergarten. Of these, 2132 parents filled in the SDQ questionnaires (97%), of which 1991 

were valid. From the 1475 children with PA data, 1139 were valid. In total 898 children with 

valid PA and SDQ data were included in the data analysis (see Figure 1). The age range of the 

children was between 3.4 and 7.3 years old during the measurements (Table 1). About half 

(51.6%) of the children were boys, and boys were more active than girls. There was no 

significant difference in age, BMI and SES between boys and girls. Furthermore, boys had 

higher scores on SDQ Total Difficulties, and subscores “hyperactivity/inattention” and 

‘behavioural problems’. In the study population, an abnormal Total Difficulties score (20–40) 

was found in 1.3% of the sample and 1.3% was considered borderline (17–19). In boys 2.6% 

had an abnormal Total Difficulties score and 1.3% had a borderline score, whereas in girls 1.4% 

scored borderline, and no abnormal scores were found. Details are shown in Table 1.  
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Associations between PA levels and psychosocial functioning 

The correlations between PA and psychosocial functioning are presented in Table 2. Higher PA 

levels were associated with higher scores for Total Difficulties and the subscales 

“hyperactivity/inattention” and ‘behavioural problems’, whereas time spent in sedentary 

behaviour was associated with lower scores for Total Difficulties and 

“hyperactivity/inattention”. Since the associations were present for moderate PA, vigorous PA 

as well as for MVPA, analyses were continued with MVPA only.  

 

Since boys and girls differed both in PA levels as well as SDQ scores, correlations were 

investigated for boys and girls separately. In boys, Total counts per minute (CPM) was 

significantly associated with Total Difficulties (rs = 0.115, p = 0.013) and MVPA was positively 

associated with Total Difficulties (rs = 0.148, p = 0.001). Time in sedentary behaviour was 

inversely associated with Total Difficulties (rs = −0.169, p = 0.000). The association between 

Total CPM and Total difficulties was explained by association with subscale 

‘hyperactivity/inattention’ (rs = 0.154, p = 0.001) and subscale ‘behavioural problems’ (rs = 

0.101, p = 0.030).  

 

The association between Total CPM and “hyperactivity/inattention” in boys could be explained 

by an inverse association of sedentary time with “hyperactivity/inattention” (rs = −0.233, p = 

0.000) and a positive association of LPA with “hyperactivity/inattention” (rs = 0.123, p = 0.008) 

and MVPA with “hyperactivity/inattention” (rs = 0.194, p = 0.000). After adjustment for exact 

age and SES (see Table 3), these associations remained virtually unchanged in boys (sedentary 

time: Std B −0.230; LPA: 0.136; MVPA: 0.192). The association between Total CPM and 

‘behavioural problems’ in boys could be explained by time in sedentary behaviour (rs = −0.132, 

p = 0.005) and MVPA (rs = 0.157, p = 0.001) but not by time in LPA. The adjustments for exact 

age and SES (see Table 4) did not substantially change these findings (sedentary time: Std B 

−0.147; MVPA: 0.154).  

 

In girls, only MVPA was associated with “hyperactivity/inattention” (rs = 0.139, p = 0.004), 

whereas a trend was seen for time in sedentary behaviour and ‘hyperactivity/inattention’ (rs = 

−0.091, p = 0.059). The adjustment for exact age and SES (see Table 3) did not change the 

association for MVPA (Std B 0.139), or sedentary behaviour and “hyperactivity/inattention” 

(Std B −0.094, p = 0.057). 
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Discussion 

The aim of the present study was to investigate the association between objectively measured 

levels of PA and sedentary behaviour with psychosocial functioning in young children. The 

study showed that parents from highly active children reported higher scores on psychosocial 

problems. In contrast, parents from children who were more sedentary reported fewer 

psychosocial problems. 

 

The present study showed that more PA was associated with more hyperactivity/inattention and 

behavioural problems in young children, in particular in boys. Our results were not in 

accordance with a meta-analysis in children and youth from a wide age range (3–18 years) 

showing a positive association between PA and psychosocial well-being (Ahn & Fedewa, 2011). 

The contrasting results from our study with those from Ahn & Fedewa (2011) could be related 

to the different activity patterns in young children relative to older children. Older children are 

more engaged in organized activities, like organized sports, whereas young children are more 

engaged in unorganized activities, like playing. It has been shown that physical activity patterns 

in younger children are more intermittent than in older children (Bailey et al., 1995; Colley, 

Harvey, Grattan, & Adamo, 2014). Furthermore, the increased MVPA in our study population 

of young children could be partly an expression of underlying behavioural problems. The 

intrinsic need to be active can be strong in children and increased MVPA could be perceived by 

parents and others as “restless behaviour”. An advantage in our study is that PA was measured 

using an objective device, so children classified as hyperactive by their parents showed, in 

reality, higher activity levels than other children, it was not just their perception.  

 

Our results add to the lack of evidence that was shown in a review regarding the relationship 

between PA and sedentary behaviour with psychosocial functioning in young children (< 6 years) 

(Hinkley et al., 2014). A possible explanation for the contrasting results with Hinkley et al. 

(2014) could be the lack of objectively measured physical activity in the studies that were 

reviewed. Only one of the 19 studies used accelerometry for measuring PA and sedentary 

behaviour (Ebenegger et al., 2012). Although in their study measurements of psychosocial 

problems were restricted to the subscale “hyperactivity/inattention”, and boys and girls were 

not considered separately, it is interesting to mention that we also found a negative association 

between sedentary behaviour and hyperactivity/inattention in our total sample, but only in boys. 

In addition, our study extends evidence from Ebenegger et al. (2012) to the subscale 
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‘behavioural problems’, but again the negative association was only demonstrated in boys. 

Sedentary behaviour might be experienced as calm behaviour when children are sitting and 

watch television for example. Finally, our results confirmed results from Ebenegger et al. (2012) 

that more MVPA was associated with higher scores on hyperactivity/inattention, and we added 

similar results on behavioural problems, but only in boys. In future studies on young children, 

use of accelerometry and identification of different subdomains of psychosocial functioning is 

warranted.  

 

An interesting finding was that the association between PA levels and psychosocial functioning 

was stronger in boys compared to girls. These results are in contradiction with those from the 

meta-analysis from Biddle & Asare (2011), showing no differential effects for gender in cross-

sectional studies. Possibly, in our study, the SDQ was more suitable for investigating 

psychosocial problems in boys compared to girls, reflecting boys’ behaviour better than that of 

girls. The finding that boys had higher scores on the SDQ total and the subscales extends results 

from previous research in older children and adolescents (Mohammadi et al., 2014; Muris et al., 

2003) to younger children. Similar, the finding that boys were more physically active than girls 

is in agreement with earlier studies in preschoolers (aged 2–5 years) using objective measures 

(Hinkley, Crawford, Salmon, Okely, & Hesketh, 2008; Jackson et al., 2003; Pate, Pfeiffer, Trost, 

Ziegler, & Dowda, 2004). Based on the gender differences found in our study, boys are in 

particular an interesting subgroup for PA-interventions aimed at improving mental health. 

Future studies should keep in mind that differential effects might exist in young children. In 

addition, it would be interesting to study possible mechanisms behind the differences between 

boys and girls. In summary, our study provides evidence that in young children, stronger 

relations exist in boys than in girls between levels of PA and sedentary behaviour with 

psychosocial outcomes.  

 

The findings in our study implicate that high MVPA might be an indicator for psychosocial 

problems in young children. One could argue that objectively measuring PA can help to identify 

children who are hyperactive. In that respect, measuring PA as a supportive tool could be 

relevant for diagnostic and screening purposes for early identification of psychosocial problems. 

It may even be helpful for parental support to analyse which parts of the day these children are 

hyperactive in order to improve coping strategies. Interestingly, this association seemed to 

cover the whole range of levels of activity, and not just the extremely active children. Thus, it 
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was also found that boys with higher levels of sedentary behaviour are perceived as having very 

few difficulties in the psychosocial domain. Because of the cross-sectional nature of the present 

study, it is not possible to draw conclusions about causality of this relation. In addition, it must 

be noted that sedentary behaviour is associated with negative health effects in children (Stiglic 

& Viner, 2019; Wu, et al., 2017). 

 

Important strengths of this study were the representativeness of the study population with regard 

to SES, the young age, the large sample size and the objectively measured PA levels of the 

children. Objective measures of PA are hardly performed in young children, as most previous 

research used questionnaires for measuring PA. However, often in PA questionnaires, people 

tend to overestimate MVPA and underestimate sedentary behaviour (Reilly et al., 2008). 

Furthermore, PA levels of young children are highly variable (Pate et al., 2004) which makes it 

unlikely that parents can make reliable estimates. In addition, parents who perceive very active 

behaviour as problematic may be inclined to over report this type of behaviour.  

 

A limitation of this study is that the associations were based on cross-sectional data, which 

prevents us from drawing conclusions about causal relationships. With regard to the SDQ, there 

is a possibility of report bias. In this study we used parent reports, but no additional teacher 

reports. Furthermore, although the validity of the SDQ is considered to be moderate to high 

(Goodman, 2001; Muris et al., 2003), the ‘behavioural problems’ subscale was one of the scales 

with low-moderate internal consistency (Björnsdotter et al., 2013; Goodman, 2001; Theunissen 

et al., 2015). A possible explanation for this could be that questions of this subscale reflected 

better boys’ behaviour than that of girls. Another point is that using the Actigraph data, we 

cannot discern between moderate to vigorous activity like running during playing in the 

playground and “hyperactivity” as inappropriate high activity given the situation.  

 

Our study infers some practical implications. Firstly, spontaneous higher levels of PA are related 

to higher levels of psychosocial problems as reported by parents, which in turn are expected to 

lead to long-term lower physical activity levels or lower sports participation. Secondly, 

associations between PA levels and psychosocial functioning are different for boys and girls, 

and associations in young children compared to those in older children or adults are not the 

same. These differences must be taken into account when PA-interventions are developed. And 

finally, objective measurements of PA may be helpful to identify children with 

hyperactivity/inattention and behavioural problems at young age.  
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In conclusion, when using objectively measured PA, parents report more 

hyperactivity/inattention and behavioural problems in the more active children, and less in the 

more sedentary children, most clearly for boys. Furthermore, very high PA might be an indicator 

for less psychosocial functioning in young children. These findings could be helpful in 

screening and diagnostics. Longitudinal research is desired to further investigate the association 

between PA and psychosocial functioning in young children.  
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