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Abstract  

Aim  

The aim of this study was to describe levels and patterns of three-year-old children´s physical 

activity. Furthermore, to investigate if there were any weight status-, gender- and parental 

SES differences in three-year-old children’s physical activity levels, using objective and 

subjective measurements from Early Stockholm Obesity Prevention Project (Early STOPP). 

Methods  

Data from 93 children, three years of age, included in the Early STOPP study was used. 

Children wore an actigraph GT3X+ accelerometer for at least four consecutive days including 

one weekend day. Average activity in counts per minute (CPM), time spent in sedentary, light 

PA and moderate to vigorous physical activity (MVPA) was assessed (5 s epoch) and used to 

examine differences between gender, weight status (ISOBMI according to Cole et al) and 

socioeconomic status (SES). For this reason an index measuring SES was created using 

subjective data; parental reported information on living conditions and background 

characteristics, from the Early STOPP study. Differences between weekdays and weekend 

days was also examined.     

Results  

The result showed neither any differences in PA between gender nor weight status and no 

differences between SES-groups. There was a difference in PA levels between weekdays and 

weekend days and a difference in PA between housing types. The children spent more time 

being active on weekdays and children living in apartments were more active than children 

living in villas. Children spent approximately 67% of their time being sedentary and an 

average of 12,5 minutes in MVPA.  

Conclusion  

The study concludes that PA-levels in children three years of age are low. There was a 

difference between housings, suggesting that parents/guardians play an important role in 

young children’s PA. However more research is needed to fully understand the PA-behavior 

of young children and their parents. The absence of PA differences between genders implies 

that gender differences later in childhood is an effect of social structures rather than innate 

differences. Objectively measured PA on children at this age is rare and therefore this study 

contributes to the knowledge regarding young children’s PA-behavior. Furthermore there is 

also a need to establish agreed upon definitions for SES and of thresholds to use when 

examining PA with accelerometer.  



 

 

Sammanfattning  

Syfte  

Syftet med denna studie var att beskriva tre år gamla barns fysiska aktivitetsmönster och 

nivåer. Samt att undersöka om det fanns några skillnader i fysisk aktivitet (FA) beroende på 

viktstatus, kön och socioekonomisk tillhörighet genom objektiva och subjektiva mått från 

Early Stockholm Obesity Prevention Project (Early STOPP).  

Metod  

Data från 93 treåriga barn inkluderade I Early STOPP studien användes. Barnen använde en 

Actigraph GT3X+ rörelsemätare under minst fyra sammanhängande dagar med minst en 

helgdag. Genomsnittlig FA i slag per minut (CPM), tid i stillasittande, lätt aktivitet samt 

måttlig till kraftig fysisk aktivitet (MVPA) bedömdes (5 s intervaller) och användes för att 

undersöka om det fanns skillnader mellan kön, viktstatus (ISOBMI enligt Cole et al) samt 

socioekonomisk status (SES). Av denna anledning skapades ett index för SES med hjälp av 

subjektiva data; föräldrarapporterad information kring bakgrund och levnadsförhållanden från 

Early STOPP-studien. Även skillnader i FA mellan vardagar och helger undersöktes.  

Resultat  

Resultaten visade inga skillnader i FA mellan könen, viktstatus eller socioekonomisk 

tillhörighet. Det fanns däremot en skillnad mellan veckodagar och helger samt mellan 

boendeformer. Barnen var mer aktiva under veckodagarna och barnen boende i lägenhet var 

mer aktiva än barnen boende i villa. Ca 67 % av tiden spenderades i stillasittande och ungefär 

12,5 min per dag spenderades i MVPA.  

Slutsats  

Studien drar slutsatsen att aktivitetsnivån hos tre år gamla barn är låg. Det fanns en skillnad i 

FA mellan boendeformer vilket indikerar att föräldrar/vårdnadshavare spelar en viktig roll för 

små barns aktivitet. Dock behövs mer forskning för att till fullo förstå barn och föräldrars 

aktivitetsmönster och hur dessa samvarierar. Avsaknaden av skillnader i FA mellan könen 

indikerar att könsskillnader senare i barndomen är en effekt av sociala strukturer snarare än 

medfödda skillnader. Objektivt uppmätt fysisk aktivitet hos barn i den här åldern är ovanligt 

och därför bidrar denna studie med kunskap kring små barns FA. Avslutningsvis drar denna 

studie slutsatsen att det finns ett behov av internationella bestämmelser kring definitioner av 

SES och av tröskelvärden att använda när FA mäts med accelerometri.   
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1 Introduction   

1.1 Opening  

“Most of the world's population live in countries where overweight and obesity kills more 

people than underweight” (WHO, 2016a). Between 1980 and 2008 the number of overweight 

and obese adults almost doubled and reached 1.4 billion people. Four years later World 

Health Organization (WHO) estimated that 42 million preschool children were overweight, 

stating that childhood obesity is the most serious public health challenge of the 21
st
 century 

(WHO, 2016b). Finding ways to prevent, treat and understand this disease is therefore of 

great importance and to do so more research is needed. 

 

“For an individual, obesity is usually the result of an imbalance between calories consumed 

and calories expended” (WHO, 2016b, s. 5). A lot is happening right now in the research field 

regarding food consumption and how different foods impact on adiposity. The fact that 

children are consuming more fat- and sugar content foods today than 20 years ago is a 

certainty. Researchers are well aware that a high calorie diet leads to weight gain, but the role 

of Physical Activity (PA) needs to be further investigated. Especially in young children and 

adolescents where research is sparse. WHO state that eating a healthy diet helps people to 

maintain a healthy weight and that regular PA may be required for weight control (WHO, 

2016b). Hence, the importance of PA for development of obesity is still unclear.   

 

“Doing some physical activity is better than doing none” (WHO, 2016c, s. 9). For both 

children, adults and elderly there are recommendations of PA and for the adult population it is 

150 minutes on a moderately intense level. However it is questionable if this is actually 

something that the common man do. When it comes to children´s activity the research is 

sprawling in different directions and what really influences them to be active is still unknown. 

An old saying is that children don’t do what you tell them to do, they do what you do but 

when talking about activity this has not been established. We do not really know how to affect 

children´s PA and we do not have all of the answers to questions on what genetic-, 

environmental- or family related factors that increases or decreases activity patterns. The 

intent of this thesis is to take a few steps towards the truth.         
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1.2 Background  

1.2.1 Physical Activity 

PA can be defined as “any bodily movement produced by the contraction of skeletal muscle 

that increases energy expenditure above basal level” (Caspersen et al., 1985, s. 126). It plays 

an important role in human lives and can be connected to a long and healthy life. It is 

essential for preventing cardiovascular disease, cancer, diabetes, chronic respiratory diseases 

and mental illness. To little PA increases the risk of premature death by 20-30%. (Lee et al., 

2012; Ekelund et al., 2015; WHO, 2010) WHO recommends children to be active at least 60 

minutes/day at a moderate level. In Sweden children should be encouraged to be active in a 

safe environment that invites to joyful and evolving free-play. However, there are no time- or 

level expressed recommendations. PA is also part of the energy balance equation meaning 

energy going in vs. energy going out equal’s weight maintain or weight regain/weight loss. 

Increasing daily exercise and the potential to be physically active may help maintain a healthy 

energy balance among children (Perlhagen et al., 2007) and might therefor reduce the 

development of unhealthy weight (Davis et al., 2007), but the association between PA and 

body weight is still unknown.   

 

It has previously been shown that when it comes to PA in young children there are many 

factors associated with the movement behavior: obesity (Nyberg et al., 2009, Salmon et al., 

2011), motor skills (Burgi et al., 2011), age (Sallis et al., 2000) and gender (Sallis et al., 

2000). The link between PA and obesity and gender is described more detailed further below. 

However most of these associations have been seen from four years of age and the pattern of 

three-year-old children’s PA is fitful trough out the literature. So, a lot is yet to be studied 

among children younger than four.   

 

Results from previous studies have shown that not only school children but also preschool 

children tend to spend more time being sedentary during weekends than during weekdays, the 

reasons behind this have not yet been established. One thought is that preschools have more 

fixed and solid periods of outside play and that parents on weekends tend to let their children 

rest inside. (Hubbard et al., 2016; Gunter et al., 2015; Hesketh et al., 2014) Another thought is 

that this reflects the parent’s activity level, a positive correlation between Swedish children 

and their fathers PA pattern have been seen (Johansson et al., 2016). The child’s weekend 
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pattern should therefore be able to better describe the association between the child/parents 

since weekdays could be more affected by the preschools.  

1.2.2 Measuring Physical Activity  

Measuring PA is complex especially when it comes to measuring children (Johansson, 2015). 

There are two ways to look at PA: activity behavior or energy expenditure. The latter is not 

really used for children and is quiet expensive and time consuming. It is also an indirect 

measure of PA since it does not measure the activity itself, just its effect. Behavior on the 

other hand is frequently used, both for children and adults. PA behavior can be assessed using 

subjective or objective methods. Among the subjective alternatives, questionnaires and 

activity diaries are most often used (Ainsworth et al., 2012). However, activity diaries are not 

suitable for children since they cannot register on their own. Instead questionnaires are 

common to send to parents were they can estimate their child´s PA (Ainsworth et al., 2012). 

These type of questionnaires unfortunately have a low validity due to recall bias, 

misinterpretation and social desirability (Intille et al., 2012).  

 

Objective measurements include motion sensors, double labeled water and direct 

observations. Direct observations are hard to conduct for a longer period of time, hence a 24 

hour pattern is hard to get and doubled labeled water is extremely expensive. In this thesis 

accelerometers, a type of motion sensor, were used. These accelerometers can be placed on 

the wrist, ankle, hip or chest and register PA through recording accelerations caused by body 

movement (a more detailed description can be find in section 2.2). The outcome of this type 

of measurement is usually counts per minute (CPM) and is a validated method for adults and 

children (Van Remoortel et al., 2012; Van Cauwenberghe et al., 2011).              

 

Since the count value is an arbitrary value, the accelerometer needs to be calibrated. The 

calibration intends to define what count value that represents the limit for various PA 

intensities. Three intensity levels of activity are most often used: Sedentary behavior (SB), 

Light PA and moderate to vigorous physical activity (MVPA). For example: cut points for 

light PA for two-year-old children have in one calibration study been set as 90-439 

CPM/5seconds (sec) (Johansson et al., 2015a) meaning that if a child reaches 95 CPM during 

a period of 5 sec those 5 sec will be defined as light PA. If the child reaches 440 CPM/5 sec 

this will be defined as MVPA and below 90 as SB. When assessing PA the most frequent 

used outcomes are Levels and Patterns; were levels can be described as total or average 
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activity during a set time period. The frequency, duration and intensity of movement during 

that time period sets the level. The level is most often described as minutes spent at different 

intensity levels per day or over a week. Patterns describe the variation of the PA level over 

time, most often over a day or over a week.  Developing thresholds for different levels and 

ages are important to capture the actual movement pattern as good as possible. What can be 

characterized as MVPA for a two year old and a six year old child is very different. 

1.2.3 Physical Activity and Childhood Obesity   

As mentioned PA is an important part of the energy equation and increasing an individual’s 

PA can help reduce an unhealthy weight. Despite that, when it comes to children and 

adolescents the association between PA and obesity is unclear. Some studies have found an 

association saying that children with obesity have lower levels of PA (Sallis et al., 2000; 

Nyberg et al., 2009; Grund et al., 2000; Butte et al., 2016) but others have not (Sallis et al., 

2000). Some studies have focused on SB trying to find out if children who are overweight or 

obese are more sedentary. In a review from 2011 Salmon et al found that BMI was positively 

associated with children´s screen time and SB, they also saw that PA was inversely associated 

with both SB and screen time (Salmon et al., 2011). A study conducted in 2004 by Marshall et 

al found a statistical significant association between TV viewing and body fatness among 

children and adolescence. Further on also an association between extended TV time and low 

PA suggesting an indirect association between body fatness and total PA. However they do 

conclude that their results might be too small to be of substantial clinical relevance (Marshall 

et al., 2004). Again most of the studies have been performed in children older than three-, and 

mostly from, four years of age. A study of children aged two found no associations between 

body mass index standard deviation score (BMI SDS) and level of PA (Johansson et al., 

2015b). 

 

A problem with many studies looking at PA and obesity is that they have not controlled for 

food- and sweet beverages consumption. The associations, as mentioned, between obesity and 

food consumption is well known. So it could be that this is the hidden confounder behind 

associations of PA and obesity. It is also unclear what comes first, the chicken or the egg; do 

children with obesity have lower levels of PA because they are obese and find it harder to be 

active or does low levels of PA lead to obesity? Nevertheless, the fact still stands that many of 

the illnesses caused by obesity are the same that PA may reduce. So for that reason, PA is 

vital for individuals suffering from obesity independently of weight loss. It is also crucial that 
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children with a risk at becoming obese are physically active to be able to prevent the disease 

and its effects (Davis et al., 2007). The one risk factor that has been proven strongest 

connected with childhood obesity is parental weight status. Children with overweight and/or 

obese parents have a six time higher risk of developing obesity than children with normal 

weight parents (Morandi et al., 2012; Maffeis, 2000). We know from previous studies that the 

possibilities of treating obesity decreases with age. For a teenager to lose weight from obesity 

to normal weight is extremely hard with behavior intervention (Danielsson et al., 2012). For 

this reason and the serious health risk of obesity, prevention is crucial.         

1.2.4 Inequalities in health  

Inequalities in health can be seen in many stages of life and in many aspects of the world. Due 

to more advanced healthcare the life expectancy is higher in the western part of the world 

were the ability to save life’s is greater. On the other hand in this part of the world the 

prevalence of stress related sickness is overrepresented and sickness affecting ones quality of 

life such as depression, anxiety, asthma, diabetes, and allergy is also higher. In the US these 

prevalence’s differ between areas of different social class. Even deaths in heart disease vary 

by race, ethnicity and social class.          

 

Women live longer than men, but suffer more often from depression and anxiety. Men are 

over represented in heart disease but women suffer more frequently from Alzheimer’s. Men´s 

and women’s health conditions are unequal and patterns of unequal health by gender can be 

seen even in young children and adolescences. For example, it has been established that girls 

are more likely to become overweight/obese than boys and that the prevalence of childhood 

overweight/obesity is far higher among girls. This has been seen in both young children and 

adolescence (Perlhagen et al., 2007; Tseng et al., 2013).  

 

Nyberg et al (2009) found differences in PA between boys and girls in six-year-old children 

showing boys being significantly more active compared to girls. Larger studies have found 

the same pattern (Cooper et al., 2015; Sallis et al., 2000) for both young children and 

adolescence. Sallis et al (2000) found in their review that not only do boys reach higher levels 

of PA and spend more time in MVPA, they are also being less sedentary. However, in a study 

of two-year-old children no such difference was found (Johansson et al., 2015b), leaving the 

question when these differences occur unanswered. Why there are differences between boys 
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and girls have also yet to be established. Some argue that this is due to social structures, 

others that this is biological (Burgi et al., 2011; Hines, 2010; Sherar et al., 2007).         

 

Why does Socioeconomic Status (SES) matter? It has been related to health and lifetime 

outcomes for as long as social groups have existed. The higher SES a person or group have 

the better are their chances for a long and healthy life. However, capturing ones SES is hard 

and very complex since there is not one question that on its own can give you an answer. The 

most frequent used parameters to determine SES are an individual’s level of education and/or 

income (Shavers, 2007; Sobal and Stunkard, 1989). But it has been suggested that this is not 

enough and that if you really want to determine ones SES you will have to combine several 

factors in to an index (Vyas, 2006; Oakes and Rossi, 2003). Proposed indicators are: 

education, occupation, income, wealth and living area among others (Shavers, 2007; Sobal 

and Stunkard, 1989). It has been debated whether ethnicity and race should be included in 

ones SES since SES and race/ethnicity often correlate with each other (Shavers, 2007; 

Kaufman et al., 1997). However Professor Michael Oakes describes SES as a state of being 

that can change with time, it should be possible to move your way up and down in the SES 

hierarchy. Including race in this equation therefor changes a person’s ability to develop, since 

race and ethnicity is unchangeable (Oakes and Rossi, 2003). 

 

A relationship has been seen between SES and obesity among adults and children (Beckvid 

Henriksson et al., 2016; Shrewsbury and Wardle, 2008; Lissner et al., 2016; O’Dea, 2014) 

although with a twist; the relationship seams to look different in different parts of the world. 

In western countries adults/children who are socioeconomically disadvantaged are more likely 

to be overweight/obese but in developing countries adults/children from higher 

socioeconomic classes are more likely to be overweight/obese (McLaren, 2007; Sobal and 

Stunkard, 1989). Furthermore, studies have been able to link time spent outdoor (TSO) with 

higher levels of PA in four-year-old children (Sallis et al., 2000; Baranowski et al., 1993; 

Alhassan et al., 2007), and TSO has previously been associated with SES (Wijtzes et al., 

2014). The reason behind the relationship between TSO and PA is thought to be children´s 

more active free play when being outdoors (Sallis et al., 2000; Baranowski et al., 1993; 

Alhassan et al., 2007). They have more access to open space and can therefore move more 

unhindered. Another way to look at this would be to compare different type of housings. 

Children living in villas with big yards have easier access to these environments and could 

therefore be more active. This has not been confirmed in research, however.  
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TSO is not the only PA factor associated with SES. In February of 2016 a study by Matsudo 

et al was published, reporting an association between SES and chances of children meeting 

MVPA guidelines among 9-11 year old children (Matsudo et al., 2016). On the other hand 

Beckvid Henriksson et al found the exact opposite association in six-year-olds, showing 

children from lower SES families to be more physically active (Beckvid Henriksson et al., 

2016). Johansson et al couldn’t find any associations between any parental related factors and 

PA levels in two-year-olds (Johansson et al., 2015b). All of this making the association 

between SES and PA somewhat confusing.  

 

SES is an expression frequently used when going through health and obesity research, but the 

fact is that there is no agreed upon definition of SES. It could be described as a person’s 

access to collectively desired resources like material goods, money, power, friendship 

networks, healthcare, leisure time and educational opportunities (Oakes and Rossi, 2003). The 

fact that this can vary between studies and that SES can be looked on from so many 

perspectives could in itself be one of the reasons why the association between PA and SES is 

unclear.  

 

To summarize; three-year-old children’s PA is somewhat unexplored and associations to their 

PA-behavior needs to be established. This is greatly important so that future generations can 

avoid sickness caused by inactivity and SB. If patterns and levels of PA among young 

children can be determined, prevention interventions could be customized to achieve the best 

possible results.         

1.3 Aim and research questions 

The aim of this study is to describe levels and patterns of three-year-old children´s physical 

activity. Further-more, to investigate if there are any weight status-, gender- and parental SES 

differences in three-year-old children’s physical activity levels, using objective and subjective 

measurements from the Early Stockholm Obesity Prevention Project (Early STOPP).  

1.  What is the level of three-year-old children’s physical activity? Does the physical 

activity level differ between weekdays and weekend days?  

2.  Is weight status associated with the child’s level of physical activity in this age group?  

3.  Are there any gender differences in physical activity levels? 

4.  Does child physical activity differ between socioeconomic groups and/or different type 

of housings?  
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2 Methods  

The present study is of quantitative design, using data from an ongoing randomized controlled 

trial (RCT) study, Early STOPP, at Karolinska Institutet in Huddinge.    

2.1 Early STOPP 

2.1.1 The project   

Early STOPP is an ongoing clustered RCT including 238 children. These children have high 

(n=181) or low (n=57) risk of becoming obese based on the parents BMI, were the high risk is 

defined as having one obese parent (BMI ≥ 30) or two parents with overweight (BMI 25-29.9) 

(Sobko et al., 2011). The low risk families were defined as both parents with BMI ≤ 25 or one 

with BMI ≤ 25 and one with BMI 25-29.9. The families were recruited from Child Health 

Care Centers (CHCC) in the Stockholm region between fall 2009 and spring 2013. The high 

risk families were randomized to either intervention group (IG) or control group (CG), based 

on the CHCC (cluster) and the low risk families serves as a reference group (RG).   

 

Table 1 Number of families included in the Early STOPP study 

 

N (%) 

Intervention group (IG) 66 (28) 

Control group (CG) 115 (48) 

Reference group (RG)  57 (24) 

Total 238 (100) 
 

Early STOPP is a longitudinal study where the children are followed for 5 years between 1 

and 6 years of age. During this time, the children and their parents are measured for several 

obesity risk factors such as sleeping patterns, food intake, motor skills and objectively 

measured PA. Questionnaires regarding many different aspects of life such as; food 

preferences, sleep habits, child’s behavior, PA, what it is like to be a parent etc. are filled in 

by the parents. These measurements and questions are taken place once every year ± 2 months 

from the child´s birthday. (Sobko et al., 2011) They answer some background information 

questions such as level of education, place of birth and current working situation and they also 

estimate how much money they have left after paying their bills, all of these questions are as 

well recurring every year. In addition to the yearly visits the intervention group are getting 

Motivational Interview (MI) sessions with trained coaches, targeting healthy food choices and 
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eating habits, regulating sleeping patterns and increasing physical activity. The sessions take 

place 4 times/year during year 1 decreasing to 2 times/year year 2-5.  

The ES-study was chosen for this thesis due to its configuration targeting young children with 

and without a high risk of becoming obese. As previously mentioned, prevention is a key to 

reduce obesity and sedentary lifestyles. The fact that this study provide some of the families’ 

guidance and information on healthy life choices makes it an interesting population. Studying 

this type of population could contribute to the knowledge regarding the effect of prevention. 

The study also provides the opportunity to conduct data on children of a young age.             

2.1.2 Participants      

At three years of age 146 families participated in the yearly checkup visit and an additional 43 

families reported their weight and height measurements, measured at the CHCC at their 

yearly checkup. Out of the 146 families 116 had objectively measured PA and 93 (49 girls) 

had sufficient amount of PA-data to be included in this study and the following analyses.  

 

Figure 1 Thesis flow chart  
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Table 2 Descriptive characteristics of participants 

 
Mean (SD1) N (%) Missing n (%) 

 
Mean (SD) N (%) Missing n (%) 

Age 3,04 (0,08) 
  

Parental education5  
   Sex 

   
Mother 

  

1 (1,1) 

       Girls 
 

49 (53) 
 

Low  
 

2 (2,2) 
        Boys 

 
44 (47) 

 
Medium 

 
23 (25,0) 

 BMI2 (kg/m²) 16,5 (1,8) 
 

1 (1) High 
 

67 (72,8) 
 Weight status3 

  

1 (1) Father 
  

6 (6,5) 

Normal weight 
 

81 (88) 
 

Low 
 

4 (4,6) 
        Overweight 

 
11 (12) 

 
Medium 

 
30 (34,5) 

 Family group4 

   
High 

 
53 (60,9) 

        High risk 
 

73 (78) 
 

Socioeconomic group6  
 

13 (14,0) 

       Low risk 
 

20 (22) 
 

Low 
 

19 (23,8) 
 Child care 

  

11 (11,8) Medium 
 

29 (36,2) 
    Preschool full-time 

 
55 (67,1) 

 
High 

 
32 (40,0) 

 Preschool part-time 
 

25 (30,5) 
 

Housing 
  

10 (12) 

  Other 
 

2 (2,4) 
 

Apartment  
 

26 (31,3) 
 Ethnicity  

  

13 (14) Terraced house  
 

23 (27,7) 
 Nordic 

 
70 (87,5)   Villa 

 
34 (41,0) 

 Non Nordic  10 (12,5)      
1
SD=Standard deviation  

2
BMI=Body Mass Index  

3
BMI categories according to Cole et al 

4
Family group based on parental BMI High: 2 parents with BMI ≥25 or 1 parent with BMI ≥30 and low: both parents with BMI ≤ 25 or 1 

with BMI ≤ 25 and 1 with BMI 25-29.9.  
5
Parental education definition; Low: Not finishing High School Medium: High School graduate High: Academic education 

6
Socioeconomic groups created with an index described I section 2.4  

 

Table 2 describes the characteristics of the participating families in this thesis. These 

characteristics are not significantly different between the families wearing the accelerometers 

and does that did not. In this study population only one child was classified as obese therefore 

the overweight and obese groups were merged together. Out of the overweight children 73% 

(n=8) were girls. The study population have a higher educational level than the Swedish 

population. High is here defined as education on a university level in the study: Men 61% 

women 73%, in the country: men 37% women 47%. They also have higher than the 

Stockholm county, men 47% women 54,5%. Almost 90% of the study population is from a 

Nordic country and most of them live in a house, terraced or villa. The SES-grouping is 

described more detailed in section 2.4.     
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2.2 Accelerometry  

PA was assessed by using the Actigraph GT3X+ accelerometer (Actigraph, Pensacola, FL). 

Children wore the accelerometer on their non-dominant wrist, estimated by the parents, for at 

least four days including one weekend day (Trost et al., 2000). For a day to be considered 

valid it had to contain at least 10 hours of PA measurements (Hubbard et al., 2016) and all 

children with fewer days than four (n= 3) or missing weekend data (n=2) were excluded from 

the study. The families received the accelerometers by mail with instructions to wear them for 

seven days (24 hours). 

 

The accelerometers used is tri-axial meaning that it can monitor activity in three different 

axes. Older accelerometers can only provide the movement in the vertical axis (VA) but 

newer ones (like the Actigraph GT3X+) can also measure the vector magnitude (VM) that 

combines the three axis in one outcome defined as √(x
2
+y

2
+z

2
). The data, VM and VA, was 

downloaded and analyzed in the ActiLife program, version 6.11.9. The night sleep was 

excluded by removing the hours between 8.45 pm – 7.20 am (Acebo et al., 2005) any daytime 

sleep was ignored and considered sedentary time. Not all three-year-old children nap and 

those who do not nap, or nap for a short duration of time, tend to sleep more during night, 

leaving the time spent awake a bit more equal (Acebo et al., 2005).   

 

The data was downloaded in epochs of 1 sec but then remastered to epochs of 5 sec. It is 

recommended that 5 sec is the maximum time frame for capturing the short moments that 

characterize MVPA in this age group of children (Baquet et al., 2007; McClain et al., 2008), it 

is also the epoch-time needed for the used cut points described further on. To calculate 

minutes of SB, light PA and MVPA the intensity thresholds developed by Johansson et al 

were used (Elin Johansson, 2016) and are as follow; for the vertical axis: SB ≤ 178, light PA 

179-870 and MVPA ≥ 871 for the vector magnitude: SB ≤ 328 light PA 329-1392 and MVPA 

≥ 1393 both based on a 5 sec epoch.    

 

The outcome variables were average PA expressed in CPM and minutes spent in SB, light PA 

and MVPA. When analyzing; data from the VA was used to set minutes spent in SB, light PA 

and MVPA on weekdays and weekend days. For average CPM, data from both the VA and 

the VM was used for both weekdays and weekend days.      
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2.3 Weight status 

Body weight was measured to the nearest 0.1 kg with a portable scale Tanita HD-316 (Tanita 

corp, Tokyo, Japan) and the height to the nearest 0.1 cm with a fixed stadiometer (Ulmer; 

Buss Design Engineering, Elchinge, Germany), both calibrated yearly by professional staff at 

the Karolinska Institutet. The BMI was calculated as weight(kg)/height(m)² and to classify the 

children as normal weight, overweight or obese the international cut-off values for ISOBMI 

25 and 30 established by Cole et al in 2000 (Cole et al., 2000) were used. For three-year-old 

children they are as follow: ISOBMI25 (overweight) girls: 17,56 boys; 17,89 ISOBMI30 

(obese) girls: 19,36 boys: 19,57.           

2.4 Socioeconomic index   

For this thesis an index was created using questions from the Early STOPP background 

questionnaires and four commonly used variables measuring SES was included with one 

being based on living area (municipality) (Shavers, 2007). The other four questions have 

previously been suggested to use in an index, to be able to capture SES (table 3) (Conklin et 

al., 2013; Shavers, 2007).   

 

These questions were then scored 1-3 points (p) with 1p representing the least desired. 

Questions 3 and 4 were merged together, angled down, so that the index would not be 

overbalanced regarding economy. The living area got scored based on Statistics Sweden 

(SCB) reported yearly income by municipality from 2014 (SCB, 2014). The municipalities 

with yearly incomes ≤ 300.000kr 1p 300.001-400.000kr 2p ≥400.001kr 3p. An individual 

could get a maximum of 9p and a minimum of 3p. Since the participating families included 

single parent households the mothers and fathers score were merged together to be able to 

include even single parents. The result was a family score with a maximum of 9p and a 

minimum of 3p. The score from living area was then added to the family score so that the 

family maximum score was 12p and minimum 4p. (table 4)  

 

 

 

 

 

 



13 

 

Table 3 Included index questions and scoring points  

Question Alternatives  Scoring  

Q1. Highest level of education 1. Primary School  

2. High School   

3. College 

1p 

2p 

3p 

Q2. Working situation 

 

1. Employed  

2. Self-employed  

3. Studying  

4. Unemployed  

5. Parental leave  

6. Pensioner 

7. Early Retirement  

8. Sick leave 

3p 

3p 

2p 

1p 

2p 

2p 

1p 

1p 

Q3. Generally, at the end of each 

month do you end up with 

1. Not enough money to make ends meet 

2. Just enough to make ends meet 

3. Some money left over 

4. More than enough money left over (so you 

manage to save some money) 

1p 

1p 

2p 

3p 

Q4. How much difficulty do you 

experience when it comes to paying 

your bills? Would you say that you 

had 

1. Considerable difficulties 

2. Great difficulties 

3. Some difficulty 

4. Occasional difficulties 

5. No difficulty at all 

1p 

1p 

2p 

2p 

3p 

 

Table 4 Socioeconomic index example 

Family Mother   Father   Mutual  

 
Q1 Q2 Q3  total 

 
Q1 Q2 Q3  total 

 
Living area total 

xxx 3 3 3 9 
 

3 3 3 9 
 

1 10 
yyy 2 2 2 6 

 
1 3 3 7 

 
3 9,5 

zzz 2 1 2 5 
      

2 7 
Hypothetical outcome of index  

 

To classify the families as low, medium and high SES, the total scores were divided in to 

three groups with the 33% lowest scores in group 1 the 33% highest scores in group 3 and the 

33% in between in group 2. However, when doing so families with the same score ended up 

in different groups. To avoid this and to capture the families in the lowest group the split 

scores were included angled up. Out of the 93 families 13 did not have data on all of these 

parameters and had to be excluded from the analyses. The low SES-group n=19 middle SES-

group n=29 and high SES-group n=32 (table 2).  
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2.5 Statistical analysis  

All analyses were performed with the Statistical Analysis Package for Social Science (IBM 

SPSS Statistics) version 23.0 with differences considered statistically significant at a p-value 

of <0.05. All data distribution of continuous variables were checked for normality and the 

questionnaire data as well as the PA-data was recorded in Microsoft excel before imported to 

SPSS. 

 

To look at the general PA levels and patterns the descriptive data over total PA was explored. 

The described cut points was adapted on the CPM data to calculate time spent in the different 

intensity levels expressed in % of time. Further on independent t-tests were conducted to test 

the differences in PA-parameters (values through all days/weekdays/weekend days) between 

gender and weight status classifications respectively.  Using gender and weight classification 

as grouping variable and the different PA-parameters as testing variable. This is the preferable 

analysis to perform if what you would like to test is one categorical factor including two 

groups with one continuous variable, like in this case (Wahlgren, 2012). A continuous 

variable can take on infinitely many, uncountable, values like age. A categorical variable have 

a fixed number of options like gender. In the weight status analysis one child was excluded 

due to missing weight status data.  

 

The data was tested for differences between weekdays and weekends performing a paired t-

test. A paired t-test needs to be performed since the intent is to see if an individual has a 

different pattern depending on day of week. An independent t-test assumes that the tested 

variables are unique. In this case the same individual is included in both of the tested 

variables and are therefore not unique. The paired t-test takes this in consideration and was 

therefore adopted (Wahlgren, 2012)  

 

To see if the movement pattern differed between SES-groups again an independent t-test 

would not be useable since there are three SES-groups and an independent t-test only allows 

two. So in this case a one-way analysis of variance (ANOVA) was performed (Wahlgren, 

2012). In a one-way ANOVA it is possible to have two or more groups as a fixed factor, in 

this case the three SES-groups, and several dependent factors, in this case the different PA-

parameters. The one-way ANOVA tests to see if there is a significant difference among the 

groups analyzed, however it does not tell you which ones are different from each other 
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(Wahlgren, 2012). To look in to this a Post Hoc multiple comparison needs to be performed, 

this can be done using many different equations. This was not performed for SES-groups but 

it was when looking in to differences among housing types and the Post Hoc equation used 

was Bonferroni. The Bonferroni uses t-tests to perform pairwise comparisons between group 

means and adjusts the observed significance for multiple comparisons (Statistics, 2013).  

 

If the one-way ANOVA Post Hoc shows a significant difference between two or more groups 

this should be adjusted for one or several covariates. A covariate is a factor that might be the 

reason why two variables are significantly different, a factor that could affect the result. In 

this case the intent is to adjust for covariates that might affect the result on housing-types 

different PA-pattern. Covariates that might affect this is: gender, SES, weight status and 

preschool care, all of which are categorical variables. A General Linear Model (GLM) was 

carried out, the GLM codes categorical variables automatically (Statistics, 2013). The GLM 

does this by choosing the latest/highest number as the reference group and therefore considers 

the lowest number in the category to be the least positive (Statistics, 2013). This needs to be 

considered when interpreting the results and in this case the codes were created to fit in to the 

model. In the One-way ANOVA analysis between SES-groups 13 children were excluded due 

to missing data on parental education, parental working situation and parental economic 

situation. In the one-way ANOVA analysis between housings 10 children were excluded due 

to missing data on current housing.           

 

The descriptive data of the participants was conducted and tested for differences between 

does who wore the accelerometers and those that did not by performing Pearson´s Chi-Square 

tests and independent t-test.   

2.6 Ethical aspects  

The Early STOPP project was ethically approved by the Stockholm regional ethics committee 

(EPN) in Stockholm in March 2009 (dnr: 2015/377-32). The ethics application contained 

information about collecting and analyzing PA data at three years of age (Sobko et al., 2011). 

The parents signed a written consent to be a part of the Early STOPP project and this sub-

study falls under the projects intent. 
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3. Results  

The results from the statistical analyses will here be presented in order according to the 

research questions: What is the level of three-year-old children’s physical activity? Does the 

physical activity level differ between weekdays and weekend days? (3.1) Is weight status 

associated with the child’s level of physical activity in this age group? (3.2) Are there any 

gender differences in physical activity levels? (3.3) Does child physical activity differ 

between socioeconomic groups and/or different type of housings? (3.4) 

3.1 Levels and Patterns 

There were no differences regarding any PA-parameter when comparing the high risk families 

to the low risk families. No differences were found within the high risk group comparing the 

intervention families to the control group.  

 

Table 5 Physical Activity and Sedentary Behavior General Patterns  

 

Total (N = 93) Boys (N=44) Girls (N=49) 
All days Mean (SD1) Mean (SD) Mean (SD) 

CPM2 VA3 2040 (355) 2012 (378) 2066 (334) 

CPM VM4  3410 (592) 3359 (634) 3456 (554) 

Min in SB5  538 (52) 538 (53) 538 (52) 

Min in LightPA6 254 (46) 254 (47) 254 (46) 

Min in MVPA7  12 (8) 13 (8) 12 (8) 

Weekdays  
   CPM VA  2085 (373) 2073 (394) 2096 (356) 

CPM VM  
 

3438 (655) 3447 (676) 

Min in SB  532 (55) 530 (53) 533 (56) 

Min in Light PA 260 (48) 262 (47) 259 (49) 

Min in MVPA  13 (9) 13 (9) 12 (9) 

Weekend days  
   CPM VA  1928 (509) 1855 (520) 1993 (495) 

CPM VM  
 

3142 (830) 3311 (878) 

Min in SB 554 (68) 558 (72) 550 (66) 

Min in Light PA 239 (62) 235 (66) 242 (59) 

Min in MVPA  12 (9) 12 (9) 11 (10) 
1
SD=Standard deviation  

7
PA=Physical Activity 

2
CPM=Counts per minute 

8
MVPA=Moderate to vigorous Physical Activity 

3
VM=Vector Magnitude  

4
VA=Vertical Axis 

5
min=minutes 

6
SB=Sedentary Behavior  
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On average, the children spent approximately 67%, approximately nine hours, of their time 

being sedentary and this increases when looking at only weekends. For all of the days 32%, 

four hours 15 min, was spent in light PA and 1,5%, in MVPA. Both boys and girls spent 

approximately 12-13 min in MVPA, on both weekdays and weekend days, not reaching the 

WHO recommendations of 60 min/day. (Table 5) 

 

Table 6 Physical Activity and Sedentary Behavior Weekdays and Weekend 

Differences (n=93) 

 
Weekdays Weekend days P-value 

  Mean SD1 
Mean SD   

CPM2 VA3 Total 2085 373 1928 509 0,002* 

Min4 in SB5 Total 532 55 554 68 0,001* 

min in lightPA6 Total 260 48 238 62 0,01* 

min in MVPA7 Total 12,5 8,7 11,7 9,5 0,23 
1
SD=Standard Deviation 

2
CPM=Counts per minute 

3
VA=Vertical Axis 

4
Min=minutes 

5
SB=Sedentary Behavior 

6
PA=Physical Activity  

7
MVPA=Moderate to vigorous Physical Activity___________________________________________ 

* The mean difference is significant at the 0,05 p-level 

 

Table 6 shows the result from a paired T-test looking at differences between weekdays and 

weekend days. The analysis shows that there are significant differences in to total CPM/day, 

total time spent in sedentary and total time spent in light PA between weekdays and weekends 

with children being more active during the week compared to weekends. They are also more 

sedentary on weekends but there is no significant difference in MVPA. Showing that the 

children’s movement pattern is different depending on day of week.  
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3.2 Is weight status associated with the child’s level of PA in this 

age group? 

The result of the independent t-test showed no significant differences between children who 

are normal weight and overweight, regarding any of the studied PA-parameters. 

 

Table 7 Physical Activity and Sedentary Behavior by Weight Status (n=92)   

 
Normal weight N= 81 Overweight/obese N=11 P-value 

 
Mean SD1 

Mean SD   

CPM2 VM3 Total 3391 616 3555 399 0,39 

CPM VA4 Total 2025 368 2153 237 0,26 

CPM VA Week 1892 510 2166 476 0,09 

CPM VA Weekend 2076 391 2152 225 0,53 

Min5 in SB6 Total 538 53 529 49 0,57 

min in SB week 531 55 528 51 0,84 

min in SB weekend 557 69 531 67 0,23 

min in lightPA7 Total 254 47 264 44 0,48 

min in light PA week 260 49 266 45 0,69 

min in light PA weekend 237 63 260 62 0,25 

min in MVPA8 Total 12,5 8,4 11,5 7,8 0,69 

min in MVPA week 12,9 8,8 10,9 7,2 0,46 

min in MVPA weekend 11,7 9,3 13 10,9 0,66 
1
SD=Standard deviation  

2
CPM=Counts per minute 

3
VM=Vector Magnitude  

4
VA=Vertical Axis 

5
min=minutes 

6
SB=Sedentary Behavior  

7
PA=Physical Activity 

8
MVPA=Moderate to vigorous Physical Activity 

 

 

 

 

 

 

 



19 

 

3.3 Are there any gender differences in PA levels? 

The result of the independent t-test showed no significant differences between boys and girls, 

regarding any of the studied PA-parameters.  

 

Table 8 Physical Activity and Sedentary Behavior by gender (n=93) 

 
Girls N=49 Boys N=44 P-value 

 
Mean SD1 Mean SD 

 CPM2 VM3 Total 3456 554 3359 634 0,43 

CPM VA4 Total 2066 334 2012 378 0,46 

CPM VA Week 2096 357 2073 394 0,76 

CPM VA Weekend 1993 495 1855 520 0,19 

Min5 in SB6 Total 538 52 538 53 0,95 

min in SB week 533 56 530 53 0,76 

min in SB weekend 550 66 558 72 0,60 

min in lightPA7 Total 254 46 254 47 0,99 

min in light PA week 259 49 262 47 0,78 

min in light PA weekend 243 59 235 66 0,53 

min in MVPA8 Total 11,7 8,3 12,9 8,5 0,47 

min in MVPA week 11,8 8,6 13,4 8,9 0,38 

min in MVPA weekend 11,4 9,8 12 9,3 0,76 
1
SD=Standard deviation  

2
CPM=Counts per minute 

3
VM=Vector Magnitude  

4
VA=Vertical Axis 

5
min=minutes 

6
SB=Sedentary Behavior  

7
PA=Physical Activity 

8
MVPA=Moderate to vigorous Physical Activity 
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3.4 Does child PA differ between socioeconomic groups? 

The one way ANOVA showed no significant differences between any of the studied PA-

parameters and SES-groups meaning that the differences seen is within the margin of error.   

 

The SES index was also broken down to individual parameters and analyzed. There were no 

significant differences regarding PA-parameters when looking at: parental educational level, 

parental working situation, living area or any of the economical questions.  

 

Table 9 Physical Activity and Sedentary Behavior by Socioeconomic Status (n=80) 

 
SES 1 (low) N= 19 SES 2 (medium) N=29 SES 3 (High) N=32 P-value 

  Mean SD1 Mean SD Mean SD   
CPM2 VM3 Total 3574 602 3399 633 3351 560 0,42 

CPM VA4 Total 2109 380 2050 370 2014 327 0,65 

CPM VA Week 2033 581 1931 573 1981 415 0,80 

CPM VA Weekend 2132 422 2098 348 2031 355 0,60 

Min5 in SB6 Total 516 51 538 56 544 50 0,18 

min in SB week 512 55 530 56 542 54 0,20 

min in SB weekend 527 77 557 75 549 55 0,33 

min in lightPA7 Total 274 48 253 48 248 44 0,13 

min in light PA week 278 51 260 48 250 48 0,15 

min in light PA weekend 263 72 235 66 243 51 0,30 

min in MVPA8 Total 14,1 5,9 12,2 9,4 12,6 8,7 0,74 

min in MVPA week 14,1 6,6 12,2 9,1 12,9 9,2 0,75 

min in MVPA weekend 13,8 7,6 12,3 12,2 11,9 8,5 0,80 
1
SD=Standard deviation  

2
CPM=Counts per minute 

3
VM=Vector Magnitude  

4
VA=Vertical Axis 

5
min=minutes 

6
SB=Sedentary Behavior  

7
PA=Physical Activity 

8
MVPA=Moderate to vigorous Physical Activity 
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Table 10 Physical Activity and Sedentary Behavior Housing differences (n=83)   

 
Apartment (n=26) Terraced house (n=23) Villa (n=34) P-value 

  Mean SD1 
Mean SD Mean SD   

CPM2 VM3 Total 3586 597 3447 551 3286 608 0,15 

CPM VA4 Total 2131 355 2065 332 1983 366 0,27 

CPM VA Week 2192 382 2092 344 1991 361 0,11 

CPM VA Weekend 1980 518 1999 458 1955 541 0,94 

Min5 in SB6 Total 521 49 530 52 550 54 0,08 

min in SB week 512 51 526 56 549 55 0,031* 

min in SB weekend 543 69 540 62 556 71 0,53 

min in lightPA7 Total 268 44 262 47 244 48 0,11 

min in light PA week 277 46 266 50 246 48 0,044* 

min in light PA weekend 247 63 251 55 239 65 0,75 

min in MVPA8 Total 15 8,8 13,1 7,7 10,6 8,2 0,12 

min in MVPA week 15,3 9,6 13,1 7,2 10,8 8,4 0,12 

min in MVPA weekend 14,5 9,4 13,3 10,9 10,2 8,9 0,19 
1
SD=Standard deviation  

2
CPM=Counts per minute 

3
VM=Vector Magnitude  

4
VA=Vertical Axis 

5
min=minutes 

6
SB=Sedentary Behavior  

7
PA=Physical Activity 

8
MVPA=Moderate to vigorous Physical Activity_________________________________________________________________ 

* The mean difference is significant at the 0,05 p-level  

 

Table 10 presents the results from a one way ANOVA comparing the means of PA between 

different housings: Villa, Terraced house and Apartment. Two of the PA parameters: min 

spent in SB during weekdays and min in light PA during weekdays turned out to be 

significantly different depending on type of housing. When performing a Post Hoc Bonferroni 

multiple comparison this significance showed to be between villa and apartment (Table 11). 

The children living in villas are 37 minutes more sedentary than children living in apartments, 

they are also less active spending 31 minutes less in light PA per day. This remains significant 

after performing a GLM controlling for gender, SES, weight status and preschool care.  
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Table 11 PA and SB Housing Multiple Comparisons between groups   

 
Housing 

Mean 
difference SD1 

P-value 
min2 in SB3 week 

     
 

Villa Terraced house 22,7 14,5 0,12 

  
Apartment 37,2 14 0,02* 

      
 

Terraced house Villa -22,7 14,5 0,12 

  
Apartment 14,5 15,4 0,35 

      min in lightPA4 week Villa Terraced house -20,4 12,9 0,12 

  
Apartment -31 12,5 0,04* 

      
 

Terraced house Villa 20,4 12,9 0,12 

  
Apartment -10,6 13,7 0,44 

1
SD=Standard Deviation  

2
min=Minutes  

3
SB=Sedentary Behavior  

4
PA=Physical Activity________________________________________________________________________________ 

* The mean difference is significant at the 0,05 p-level 

 

When taking all of the data from table 10 preforming the same Post Hoc multiple comparison 

on all of the PA parameters the results showed that more variables were significantly different 

between villa and apartment. Namely: Total CPM on weekdays, average time spent in SB, 

total time spent in MVPA, total time spent in MVPA on weekdays and total time spent in 

light PA all showing children living in apartments to be more active and less sedentary than 

children living in villas. None of them showed any differences between terraced house and 

villa/apartment. 
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4. Discussion  

4.1 Main findings  

4.1.1 Summary  

The aim of this study was to describe levels and patterns of three-year-old children´s physical 

activity. Furthermore, to investigate if there were any weight status-, gender- and parental 

SES differences in three-year-old children’s physical activity levels, using objective and 

subjective measurements from the Early Stockholm Obesity Prevention Project (Early 

STOPP). The research questions used to explore the aim were: what is the level of three-year-

old children’s physical activity, does the physical activity level differ between weekdays and 

weekend days, is weight status associated with the child’s level of physical activity in this age 

group, are there any gender differences in physical activity levels, does child physical activity 

differ between socioeconomic groups and/or different type of housings.  

 

The result from the statistical analyses showed no differences between gender nor weight 

status and no differences between SES-groups. There was a difference between weekdays and 

weekend days and a difference between housing types. The children spent more time being 

active on weekdays and children living in apartments were more active than children living in 

villas.   

4.1.2 Physical activity levels and patterns  

The result shows that the children spend approximately 70% of their time being sedentary. 

This goes in line with previous studies saying that preschool children can spend up to 75 % of 

their time in very low intensities (Reilly, 2010; Hnatiuk et al., 2014; Salmon et al., 2011). It is 

possible that this is a health hazard but whether time in SB actually matter if the 

recommended levels of PA is achieved is unknown (Timmons et al., 2012; LeBlanc et al., 

2012). However it is likely that for children to not only spend a lot of their time being 

sedentary but also not reaching the appropriate levels of higher activity is unhealthy. 

Although research is sparse on SB and its effect on health outcomes in young children 

(Hesketh et al., 2014; LeBlanc et al., 2012) the research on PAs health benefits are much 

stronger (Timmons et al., 2012). PAs effect on blood pressure, bone development, lipid 

profile, motor skill development and on cardio metabolic risk indicators is immediately 

beneficial with greatest effect on an MVPA level (Burgi et al., 2011; Janz et al., 2009; Janz et 
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al., 2010; Timmons et al., 2012). The children studied in this thesis spent an average of 12-13 

minutes in MVPA, around 20% of the recommended time (WHO, 2010).  

 

Children spent more time being sedentary during weekends, when they are in care of their 

parents/guardian and out of preschool care. In a study from 2015 Hesketh et al compared 

children’s activity patterns between preschool and home environments. They found that 

children were markedly less sedentary and more active when in preschool care compared to at 

home. They discuss that this might be because parents don’t have time to be active with their 

children and that parents might think of PA as something that is up to the preschools to 

provide (Hesketh et al., 2014). Furthermore, as previously mentioned, it is also suggested that 

this could be due to preschools more planed and fixed time periods for outdoor play, relative 

to parents more tendency for indoor activities (Hubbard et al., 2016; Gunter et al., 2015).  

 

In this study, children living in apartments were significantly more active and less sedentary 

than children living in villas. To our knowledge this is something new that have not been seen 

before in any age group of children. This, together with the weekly pattern, adds to the fact 

that parents play a big role in children’s PA patterns. I expected the opposite result, i.e., that 

children living in apartments should have a lower PA due to the limited space without access 

to an easily available outdoor arena for PA. However, children at three years of age are not let 

out on their own to play in public playgrounds. If a child has access to an open outdoor space 

at their home, parents let them run around by themselves without adult support which might 

result in lower PA compared with if the child, together with a parent, go to a playground. 

Suggesting that the reason behind why children living in apartments are being more active 

might be that their parents plays with them in greater occurrences. Instead of letting their 

children run around next to the house, they accompany their children to the playground 

interacting in the activity. More strength to this hypothesis is the fact that children tend to 

have the highest level of activity within the first period of their outdoor play. After 3-15 

minutes this decreases and follows by extended periods of SB (Pate et al., 2013; Pate et al., 

2008; Timmons et al., 2007). With the presence and support by a parent or guardian a child 

can keep the activity going for a longer duration of time.  

 

Although research on toddlers and children younger than four is sparse the results of the 

patterns in this study goes in line with the few studies previously conducted. However, a 

review by Hnatiuk et al in 2014 found that this “line” is quite broad. The range on average 
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activity in light PA was between 4% and 33%, in MVPA between 2% and 41% and in SB 

between 34% and 94%. The reason behind this, as they argue, might be due to the variety of 

cut point/thresholds used in the studies (Hnatiuk et al., 2014). A more detailed discussion on 

this will follow in section 4.2.                 

4.1.3 Physical activity and childhood obesity   

There were no differences when comparing children who were normal weight with children 

who were overweight regarding any PA-parameter. Previously the association between 

weight status and PA has been inconsistent throughout the literature in young children. 

Among older children and adolescence, aged 12 ≥, on the other hand, an association has been 

seen more frequently. The association being that children who are normal weight are more 

active and less sedentary. This could be due to the fact that overweight and obesity have an 

increasing prevalence with age. (Tseng et al., 2013, Sallis et al., 2000, WHO, 2016a). To our 

knowledge no studies have been conducted finding differences in PA between children with 

normal- and overweight at three years of age. As mentioned there were no differences 

between any PA-parameters, meaning that what others have seen regarding SB could in this 

study not be found. The children who are overweight are not being more sedentary.  

 

Since there is a knowledge gap regarding the “what came first” factor (low PA levels or 

obesity) it is hard to say what these results indicates. If low-PA precedes obesity the absence 

of differences could be an age factor. Hence, the low levels of PA have not yet had time to 

engender obesity. This would then go along with Johansson et als absence of differences 

when looking at two-year-olds (Johansson et al., 2015b). If obesity precedes low-PA the fact 

that this study only consisted of 10 children who were overweight and one who was obese 

(constitutes 11% and 1% of the studied population) could be the reason. The absence of 

differences might indicate that the participants are different, thinner, than the average 

population. Among the average population the prevalence of overweight and obesity is much 

higher 22,8% and 6%. But it could also, and more likely does, suggest that this is a power 

problem and that the study sample simply is too small.       
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4.1.4 Inequalities in health 

4.1.4.1 Gender   

In this study no differences in PA between boys to girls were found. In the review by Sallis et 

al, among the 54 studied studies 80 % reported boys to be more active than girls (Sallis et al., 

2000). It should however be noted that most of these studies had a population from four years 

of age. Johansson et al reported no differences between boys and girls aged two. The reasons 

behind this could be many.  

 

The study from 2007, that aimed to see if a possible confounder to the gender differences in 

youth PA could be biological, saw among 401 children differences in PA in favor for the 

boys, but when adjusting for physical maturity and aligned on biological age these differences 

disappeared (Sherar et al., 2007). In this study the youngest included children were at the age 

of 8 and the age gap of five years down to three-year-olds is enormous. However this could be 

an explanation, all children evolve differently and this thesis did not have any biological age 

assessed. Another biological theory behind differences by gender could be differences in 

motor skill development. Previous studies have found associations between motor skills and 

PA (Burgi et al., 2011). This was not assessed in this study but should be further investigated.  

 

But then there is this development of a social and cultural norm behavior. Children are being 

treated differently depending on gender. Girls that climb trees, plays soccer or cut their hair 

short gets called a Tomboy. If the opposite occur; a boy plays inside with crayons or picks 

flowers in the yard a word for him is not as commonly known. Googling “opposite of 

tomboy” results in endless, and sometimes harsh, discussions. Children are from a young age, 

slowly but surely, fitted in to a role that society accepts. It has previously been shown that 

when it comes to children and their brain development gender plays a big part. The human 

behavior and brain functions develops differently depending of hormone levels. For example, 

children’s toy preferences is more connected to biological factors than previously imagined 

and is not as affected by social norms previously thought. The conclusion of Hinse article 

from 2010 is that toy preference and brain development is influenced of prenatal androgen 

exposure. (Hines, 2010) A toy should not be called boy or girl, but more or less testosterone 

exposure make humans interested in different toys. Since this is shown in children from birth 

social norms have little to do with children´s preferences. So the reason why differences in 

PA by gender cannot be seen in two and three year old children, but is seen in majority of 
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studies focusing on older children, might be because PA is socially influenced more than 

genetically. Younger children have yet to be fitted in to the society norm, they can still just be 

children, not a gender.    

4.1.4.2 Socioeconomic status  

Reviewing the result from the one-way ANOVA comparing PA between SES-groups, no 

significant difference was found. The previous results regarding SES and PA has been 

sprawling and inconsistent. Of the 54 studies in the Sallis et al review 13 analyzed SES 

associations to PA. Of these, three found a positive association and two a negative, eight 

found that there were no associations. Most of these studies used parental education as a 

proxy for SES, some also incorporated other parental factors such as working situation. None 

of them used an index (Sallis et al., 2000). When looking at older children and adolescence, 

however, the associations between SES and PA becomes stronger but are still inconsistent. 

This might indicate that the relationship comes with age and that SES affects PA first when 

children are older. No study, reporting a significant association, comparing objectively 

measured PA with SES among three-year-old children has been found. Regarding using the 

described index, this will be discussed further in section 4.2. Why SES should affect PA first 

at a higher age one can only speculate. But it might be because SES is a state of being created 

by society. It is easier to comprehend with others behavior if we see them as part of 

something bigger. That is why people like to put one and other in boxes, to understand and 

accept them. SES is closely bonded to social class and there is a possibility that younger 

children have yet to discover the meaning of belonging to a group. At age three children’s 

activity might not differ by SES because they are not yet included in a box.    

 

Using housing and home ownership as a proxy for SES is debatable but owning a residence 

could be an indicator of wealth (Conklin et al., 2013). Now a days, taking a big mortgage to 

be able to buy an accommodation is not unusual. Therefore ownership could also indicate that 

a person has debts. This study had no information on ownership but the parents reported 

current housing. Housing could in some cases work as a proxy for SES. But in this case all of 

the participants are living in the Stockholm County were apartments, villas and terraced house 

could all coast the same. In some areas apartments are more expensive and in some a villa can 

cost a fortune.  

 



28 

 

The statistically significant differences that were seen in the results, regarding housing, should 

therefore not be considered an association between SES and PA. It should only be debated as 

a part of a child/parent PA-pattern as mentioned in section 4.1.1. 

4.2 Strengths and limitations  

This study used the accelerometer Actigraph GT3X+ to assess PA. Accelerometry is the 

suggested and most preferable method to be adopted if measuring younger children (Van 

Cauwenberghe et al., 2011). However a few limitations follow when using this type of motion 

sensors; 1. The cut points/thresholds. There are no agreed upon cut points for different ages. 

Many calibration studies have been made developing thresholds for accelerometers. They all 

differ depending on accelerometer calibrated, placement site and age on participants. This 

thesis used cut points developed by Johansson et al. Although these thresholds were 

developed for children aged 4 the fact that they have been developed for the exact Actigraph 

(GT3X+), worn on the wrist, is a big advantage and the same developed thresholds for three-

year-olds have to author knowledge not been made. The most common used thresholds and 

cut points for younger children are grouped 1-year 2-year and 3-5 years of age and are 

calibrated worn on the hip. In addition Cooper et al implies that the PA movement for 

children 3-4 years are similar (Cooper et al., 2015). Also, it has previously been shown that 

children are more likely to wear the accelerometer if it is placed on the wrist instead of the 

more traditional placement the hip (Fairclough et al., 2016) and for this reason the wrist was 

used. Due to the fact that the wrist is a rather new placement, most intensity thresholds have 

been developed for the hip. Johansson et als thresholds, however, have been validated for 

both hip and wrist, making them suitable for this study.  

 

The children wore the accelerometers for at least four days providing good data to be able to 

make assumptions on their patterns and levels. The fact that they were worn for at least one 

weekend day is a strength of the study.  

 

Nevertheless, like Hnatiuk et al (2014) conclude, the fact that so many variations of 

thresholds exist makes it hard to compare findings. It is also hard to know if what the result 

shows is actually valid, it could be that the “wrong” cut points have been adapted. Bringing us 

to problem number 2; the used Actigraph can provide movement in the VA and the VM. This 

is rather new and older motion sensors cannot provide VM data. So using this outcome is 

hard, because to interpret and compare the results with previous studies is almost impossible 
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since they do not measure the same thing. Both of these factors aside, the accelerometer 

should be seen as a strength in this study. This due to its superior way, in comparison to other 

methods available, to assess PA in children in an objective way.   

 

Creating an index for SES has its pros and cons. As previously mentioned, creating a SES-

index provides a wider view on an individual’s characteristics. There is a problem with using 

only one variable as a proxy for a persons combined situation, so an index could give a more 

equitable estimation (Oakes and Rossi, 2003; Vyas, 2006). But the problem is that SES is 

such a widely spread expression. There is surely need for more research on this area 

terminating in a set definition of what to include and assess. The used index is hard to 

interpret and compare with other findings. However, since the analyses were also done on all 

of the included variables singly the assumptions on what SES implicates on PA could still be 

done.  

 

There is also a problem regarding the index construction. To create an index suitable for the 

population it needed to be calculated to fit single parent households. They way of doing this 

has not been validated and has no scientific evidence. Also, when doing this an assumption is 

made that mothers and fathers have the same contribution for the child’s home environment. 

This is not necessarily the truth. One parent or the other could have more or less impact on the 

child and no knowledge of that has been assessed.   

 

When making assumptions on the housings impact on PA it was assumed that the children 

spent their weekend time at home and in care of their parents. This information has not been 

obtained from the parents and the conclusions should be interpreted with this in mind. The 

statistical analyses, one way ANOVA Post Hoc Bonferroni, performed on the housing 

variables should also be taken into consideration. In this case only two of the analyzed 

variables in the ANOVA were significant but a Post Hoc was carried out for all of them. 

Statistically this is incorrect and should only be done on significant values (Wahlgren, 2012). 

However, since this is a master thesis and since some of the parameters were significant this 

was done to further explore the data and to get deeper in to statistics.             

 

The studied population was a small sample. The participating families come from the 

Stockholm area and are not comparable to the average population. This due to the fact that 
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they had above average level of education and did not contain multiple ethnicity variation as 

the overall population.  

4.3 Future research  

More research is needed in the area to further understand what affects children’s PA. 

Especially among young children since research here is sparse. It would be interesting to 

compare children’s activity levels with their parents to establish the relationship between 

them. That was not the scope of this thesis, however. More evidence is also needed regarding 

socioeconomic, socio cultural and environmental factors that have an impact on the PA-

behavior in children. If more evidence is provided, interventions can in the future target the 

right arena. Younger children are more susceptible for interventions, so a lot can be done.    

 

Since there are evidence that SES have an effect on children and adults PA-levels, more 

research is needed on sociodemographic in social science. There is a huge need for fixed 

factor indexes to further be able to study SES in context to PA and other health variables. 

Especially obesity since the evidence show a very different development worldwide. This 

again to be able to find the right ways to prevent, treat and understand how to, and in what 

way and arena to tackle problems like obesity.  

 

To be able to better assess and evaluate PA there is also a need for a worldwide establishment 

of thresholds to use. Calibration studies and development of new techniques to measure PA is 

crucial for future research. If findings cannot be but in to perspectives, what good do they do?  

 

The Early STOPP study should continue conducting evidence of PA in children by examining 

the development of PA-behavior. It is unusual with long term research projects like this and 

the possibility to look at PA over time is thrilling. Future studies on the project might be able 

to bring some brightness to the relationship between obesity and PA. Perhaps it could tell us 

more about what comes first. It is also possible to examine at what age gender starts to 

separate girls and boys PA-patterns.  

 

Finally it should be mentioned that all research regarding obesity and its impact on children, 

adults and elderly is greatly important. This disease is one of the biggest public health 

problems of our time.        
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4.4 Conclusion  

The aim of this study was to describe levels and patterns of three-year-old children´s PA. 

Furthermore, to investigate if there are any weight status-, gender- and parental SES 

differences in three-year-old children’s PA levels, using objective and subjective 

measurements from the Early STOPP Study. The study concludes that PA-levels in children 

three years of age are low. The children did not meet PA recommendations of 60 minutes per 

day on an MVPA level and they spent approximately 70% of their time being sedentary.  

 

This study could not find any differences in PA between boys and girls, children with normal 

weight or overweight nor between different socioeconomic groups. However, there was a 

significant difference between different housings were children living in apartments were 

more active and less sedentary than children living in villas, suggesting that parents/guardians 

play an important role in young children’s PA. The absence of PA differences between 

genders implies that gender differences later in childhood is an effect of social structures 

rather than innate differences. Objectively measured PA on children at this age is rare and 

therefore this study contributes to the knowledge regarding young children’s PA-behavior.   

 

Furthermore the study concludes that more research is needed to fully understand the PA-

behavior of young children and their parents. There is also a need to establish agreed upon 

definitions for SES and of thresholds to use when examining PA with accelerometer.  
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Annex 1  

List of abbreviations  

PA Physical Activity  

CPM  Counts per minute 

SB Sedentary behavior 

MVPA Moderate to vigorous physical activity  

BMI Body mass Index  

BMISDS Body mass index standard deviation score 

SES Socioeconomic status  

TSO Time spent outdoor 

VA Vertical axis 

VM Vector magnitude  

SD Standard deviation  

WHO World health organization  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Annex 2 

Litteratursökning 

Syfte och frågeställningar:  

The aim of this study was to describe levels and patterns of three-year-old children´s physical 

activity. Further-more, to investigate if there were any weight status-, gender- and parental 

SES differences in three-year-old children’s physical activity levels, using objective and 

subjective measurements from the Early Stockholm Obesity Prevention Project (Early 

STOPP). The research questions used to explore the aim were: what is the level of three-year-

old children’s physical activity, does the physical activity level differ between weekdays and 

weekend days, is weight status associated with the child’s level of physical activity in this age 

group, are there any gender differences in physical activity levels, does child physical activity 

differ between socioeconomic groups and/or different type of housings. 

 

Vilka sökord har du använt? 
physical activity children  

physical activity children obesity 

Childhood obesity  

Childhood obesity prevalence  

Childhood obesity physical activity  

Gender differences physical activity  

Associations childhood obesity  

Obesity health risks  

Obesity preventions  

physical activity level  

physical activity level children  

physical activity level children obesity 

physical activity level preschool children  

physical activity level preschool children obesity 

childhood obesity risk factors 

Parental activity levels 

Three-year-old activity patterns 

Activity levels children 

Preschool children activity 

Preschool children activity pattern gender 

Associations activity patterns children  

Socioeconomic status childhood obesity 

Socioeconomic status physical activity 

Socioeconomic status physical activity children  

Socioeconomic status physical activity childhood obesity 

Socioeconomic status index 

Socioeconomic status variables  

Socioeconomic status obesity  

Socioeconomic status worldwide  

Socioeconomic status  

 

 

 

 



 

Var har du sökt? 
PubMed  

Google Scholar 

 

Sökningar som gav relevant resultat 
PubMed: 

physical activity children obesity 

physical activity level children obesity 

physical activity level preschool children  

physical activity level preschool children obesity 

childhood obesity risk factors 

Parental activity levels 

Three-year-old activity patterns 

Activity levels children 

Preschool children activity 

Preschool children activity pattern gender 

Associations activity patterns children  

Three-year-old activity patterns 

Socioeconomic status index 

Socioeconomic status physical activity children  

Socioeconomic status physical activity  

Childhood obesity  

obesity  

Obesity health risks  

Obesity preventions  

 

Google Scholar: 

Socioeconomic status index 

Socioeconomic status variables  

Obesity health risks  

Childhood obesity  

Childhood obesity prevalence  

 

Kommentarer 
Det var inte så svårt att hitta material till denna studie. Avsaknaden av studier gjorda på 

mycket små barn gjorde det svårt att hitta lämplig litteratur kring rätt ålder men generellt bra 

och goda resultat vid sökningar. Många referenser har hittats via litteraturlistor från lästa 

studier. Original artikel har i så fall lästs. Vissa referenser har fåtts från handledare samt 

kollegor. PubMed har varit den mest frekventa sök motorn och har nästintill uteslutande 

används.  

 

 

 


