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I was told I could not do it, so naturally I proved them wrong. To quote Marilyn Monroe:  

“A wise girl knows her limits, a smart girl knows that she has none.” 

 

 

 

 

 

 

 

 

 

 



 



 

 

POPULÄRVETENSKAPLIG SAMMANFATTNING 

Obesitas är en kronisk sjukdom och ett växande folkhälsoproblem världen över. Det 

uppskattas att ca 2 miljarder individer av den vuxna befolkningen har övervikt eller obesitas 

och hos barn under fem år beräknas prevalensen ligga på 39 miljoner. Obesitas är kopplad till 

en rad följdsjukdomar, en del är förekommande redan under barndomen så som fettlever och 

diabetes typ 2. Världshälsoorganisationen, WHO, menar att obesitas är förebyggbar, men 

hittills så har preventionsinterventioner generellt sett inte lyckats minska utvecklingen av 

obesitas i barndomen. Dom flesta interventioner med syfte att förebygga obesitas har använt 

strategier som inkluderar fysisk aktivitet (FA) där målet ofta är att öka FA. Det är dock 

fortfarande oklart om FA kan påverkas hos yngre barn (2–6 år) samt huruvida FA är kopplat 

till utvecklingen av obesitas under dessa år. Varför vissa barn är mer aktiva än andra, vilka 

faktorer som spelar in och hur mönster av FA ser ut är även det oklart och hos dom yngsta 

barnen är detta inte lika ofta studerat. 

Syftet med denna avhandling var att studera mönster av samt korrelerande faktorer till FA i 

den tidiga barndomen. Bland annat för att se om barns kön, ålder, viktstatus, obesitasrisk, 

socioekonomisk status samt föräldrarnas FA är kopplat till barnens FA. Vidare var också 

syftet att utvärdera effekten av en preventiv insats riktad mot barn till föräldrar med övervikt 

eller obesitas. Där både primära målet, minska incidensen i obesitas, samt det sekundära 

målet, öka FA, utvärderas. 

Denna avhandling inkluderar tre studier som alla har använt data från Early STockholm 

Obesity Prevention Project (Early STOPP). Early STOPP följde 238 barn under fem års tid 

där 66 familjer lottade till interventionsgruppen fick bland annat ta del av ett coaching stöd i 

hemmet. Stödet byggde på att främja goda levnadsvanor hos barn gällande FA, kost och 

sömn. Stödet levererades två gånger per år och utöver det fick alla familjer, även dom utan 

coaching stöd, komma på årliga mätningar av bland annat vikt, längd, midjemått, blodtryck, 

FA m.m. FA mättes med hjälp av en rörelsemätare som var placerad på handleden under sju 

dagar.  

Resultat från denna avhandling visar att FA hos barn ökar i genomsnitt med 11% per år och 

aktiviteten varierar över dagen. Från tre års ålder var barnen mer aktiva på veckodagarna än 

på helgen men inte dom barnen som var allra minst aktiva. Hos dom minst aktiva barnen 

skiljde sig inte aktiviteten mellan vardag och helg. Resultaten visade också att en aktiv 

mamma också hade ett mer aktivt barn, oavsett kön på barnet. Barn som gick heltid på 

förskola var mer aktiva än barn som gick deltid eller inte alls och dom barn som mättes på 

vintern var mindre aktiva än dom barn som mättes på sommaren. Barnets kön, viktstatus, 

obesitasrisk och socioekonomiska status var inte korrelerat till FA.  

Efter fem år av coachstöd så hade barnen i interventionsgruppen gått upp mindre i vikt per år 

än barnen som inte fått stöd. Men inga av dom andra måtten för viktstatus visade sig skilja 

barnen åt. Barnen som fått stödet var inte heller mer fysiskt aktiva än dom barn som inte fått 

stödet.        



Resultaten från denna avhandling indikerar att barn som är minst aktiva skulle kunna gynnas 

av ett riktat stöd i förskolemiljö, men först behöver vi veta mer om vilka dessa barn är så att 

dom går att identifiera lättare. Mammas aktivitet kan också vara en potentiell faktor att 

inkludera i interventioner, men mer forskning behövs även här.   

Det kan konkluderas att Early STOPP inte lyckades med det primära målet att minska 

utvecklingen av obesitas i barndomen. Projektet var inte heller lyckosamt avseende det 

sekundära målet att öka den fysiska aktiviteten. Över lag, så verkar det som att FA under 

dessa år i barndomen inte är kopplat till utvecklingen av obesitas.  

 

  



 

 

ABSTRACT 

Background: Obesity is a worldwide epidemic with adverse health outcomes and finding 

effective interventions to prevent this disease is crucial. Physical activity (PA) has beneficial 

health effects and is often included in obesity prevention strategies. However, it has not been 

established whether it is possible to influence PA during early childhood or if PA is 

correlated to weight status. Knowledge on patterns and correlates to PA during early 

childhood is still scarce, especially using longitudinal data.  

Aim: The aim of this thesis was to investigate patterns and correlates to child accelerometer 

measured PA during early childhood including child sex, weight status, motor skill, obesity 

risk, SES, and parental accelerometer-measured PA. Furthere, the aim was to investigate if a 

long-term, multicomponent obesity prevention project could affect child weight status and 

child PA.     

Material and Method: This thesis consists of three studies, all sub-studies of the Early 

Stockholm Obesity Prevention Project (Early STOPP). Early STOPP was a clustered 

randomized control obesity prevention trial with a long-term, low-intense, family-based 

design. The intervention targeted children at high risk of obesity based on parental BMI and 

in total, 238 children were recruited. Of these, 181 had high obesity risk and were 

randomized to intervention (n=66) and control (n=115) in addition 57 children with low 

obesity risk were recruited as a reference group. Data on child and parental accelerometer 

measured PA was collected yearly from age 2-6 years using an Actigraph GT3X. Weight 

status and other potential correlates were collected simultaneously and at baseline (age 1).  

Study I was a cross-sectional study investigating patterns and correlates to child PA at three 

years of age (n=57). Study II had a prospective design studying patterns of PA over time as 

well as investigating potential correlates to child PA during early childhood. Study III was a 

clustered randomized control trial evaluating the effects of a long-term obesity prevention 

intervention on the main outcome weight status as well as secondary behavior outcome, 

including PA.     

Results: Children were from three-years of age more physically active during weekdays than 

weekend days and the level of PA varied across the day (Study I and II). On average, child 

PA increased with 11% per year from age 2 to age 6. No significant differences in PA 

patterns between boys and girls nor high and low obesity risk were found. The least active 

children (based on tertiles) did not have higher levels of PA during weekdays than weekend 

days, which was observed in the middle and mostly active children. (Study I and II) 

Over time, maternal PA, was correlated to child PA as was time in preschool and season of 

year. Child sex, weight status, motor skill, obesity risk, SES, and paternal PA was not 

correlated to PA cross-sectionally nor over time. (Study I and II)   

Children in the intervention group gained less weight per year compared to children in the 

control-group but none of the other measured outcomes for weight status differed 



significantly. There were no differences between groups in total PA nor in weekday PA or 

weekend PA. (study III)  

Conclusion: Based on results on longitudinal patterns and correlates to child PA, the least 

active children could benefit from targeted PA interventions in the preschool setting. Also, 

maternal PA seem to be of importance for child PA and might possibly be of interest for 

future research. Early STOPP, a long term, low-intensive, family-based, multicomponent 

obesity prevention intervention, was not successful in its goal to reduce the development of 

obesity during early childhood. Nor was it able to affect the secondary outcome, PA.    

Results from this thesis indicates that obesity during early childhood is not affected by PA.     
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1 BACKGROUND 

1.1 EARLY CHILDHOOD, DEFINITION AND DEVELOPMENT 

I have studied children 1-6 years of age during a period described as early childhood. Early 

childhood has been defined as comprising children from 0-8 years of age (1), and during the 

ages 1-6 years, children enter two out of the four developmental stages described by Jean 

Piaget (2). During the sensorimotor stage, which occurs between 0-2 years, children explore 

the world using their senses, seeing, hearing, and feeling. This leads to rapid development 

and understanding of the existence of things and other individuals (2). In the preoperational 

stage, age 2-7 years, children increase their understanding of the world around them by being 

able to form thoughts, however without logic (2). In the literature early childhood is often 

categorized as infants 0-1 years old, toddlers 1-2 years old, preschoolers 3-5 years old and 

primary-school aged 5-12 years (3).  

 

 

Children during early childhood in the ages 1,2,3,4,5,6, and 6 years of age (private picture). 

 

During the ages 2-6 years, the brain of a child increases from 70% of the weight of an adult 

brain to 90%, and this is followed by increased cognitive abilities during these ages, for 

instance a child learns to master hand-to-eye coordination (4). Overall, motor skill 

development is rapid, and children expand their movement capacity (5-7).  

Motor skills can be defined as “the ability to activate the correct pattern of muscles to 

accomplish a task” (8) and are often divided into fine and gross motor skills. Fine motor skills 

describe small movements, mostly from fingers and toes, for instance holding a pencil and 

writing with it. Gross motor skills describe movements involving larger parts of the body, 

like walking and jumping. Fundamental movement skills describes sufficient movement 
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capacity involving various body parts crucial for physical activity (PA). It includes: 

locomotor (the ability to run and jump), manipulative or object control (the ability to catch 

and throw), and stability (the ability to balance and twist) (9). Fundamental movement skills 

have been identified as a factor associated with higher levels of PA in children (10). 

However, for the youngest children (<4 years of age) the results are inconclusive and less 

studied (9).       

Furthermore, an infant and an adult have very different body proportions, a young child has a 

larger head and smaller limbs and trunk compared to adults, proportions that change over 

time (11). At birth, the head makes up approximately 25% of the length of the child, while in 

adulthood the head is approximately 20% of  the body’s total length.  

 

1.2 CHILDHOOD OBESITY  

1.2.1 Definitions and prevalence  

In adults, body mass index (BMI) is used to define weight status categories with the cut-off 

for overweight at BMI 25 kg/m2 and obesity at BMI 30 kg/m2. However, BMI is unsuitable 

for children since: children and adults have different body proportions (11). BMI changes 

during childhood with an adiposity rebound between 4-7 years of age (12). Moreover, boys 

and girls typically develop differently throughout childhood (13). Accordingly, BMI standard 

deviation score (BMISDS), often referred to as BMI z-score, is used instead. In Sweden, an 

international reference by the International Obesity Task Force (IOTF) is used, with cut-offs 

for overweight and obesity that take child sex and age into account (13).   

The prevalence of overweight and obesity has increased substantially in the world since the 

1970s (14, 15). In 1975 the prevalence of obesity in children 5-19 years of age was estimated 

to 0.7% and 0.9% in girls and boys, respectively, while in 2016 those numbers were 

estimated at 5.6% and 7.8% (15). It has been indicated that the trend of increasing in obesity 

is leveling off, predominantly in higher income areas and northwestern Europe (15, 16), but 

an increased prevalence is being experienced in other regions, for instance in south and east 

Asia, and there seems to be an increased prevalence among children with lower 

socioeconomic status (SES) worldwide (15, 16). In Sweden, it is estimated that 3-5% of 

children younger than 10 years of age have obesity (17-19), and those numbers are higher in 

rural areas and areas with lower SES (20). Obesity is considered a chronic disease and is 

tracked throughout childhood and into adulthood. It has been indicated that up to 80% of 

children with obesity aged 14-19 will still have obesity also in adulthood, just as 80 % of 

children having obesity at age 7 years will still have obesity at the ages of 14-19 years, and 

obesity during early childhood considerably increases the risk of obesity later in childhood 

(21, 22).   
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1.2.2 Childhood obesity and health consequences  

Obesity in adulthood decreases life expectancy by up to 20 years depending on tits severity 

(23). Already in childhood obesity is associated with premature death in adulthood (24-27). 

Moreover, childhood obesity is correlated with an increased risk of death from cardiovascular 

diseases in adulthood (28, 29), and it also affects cardiometabolic risk markers during 

childhood (30). Childhood obesity is also strongly connected to metabolic syndrome (31), 

which is a cluster of cardiovascular and metabolic risk factors in children with a waist 

circumference above the 90th percentile and at least two of the following risk factors: high 

blood pressure, low HDL-cholesterol, elevated fasting glucose and elevated triglycerides 

(32). It also increases the risk for non-alcoholic fatty liver disease (33), type 2 diabetes, 

hypertension, low-grade inflammation, and certain forms of cancer (34-36).  

It has also been shown that children with obesity in Sweden have lower odds of completing 

high school education (≥12 years of school) (37) and have a higher prevalence of depression 

and anxiety compared to a matched comparison group (38). It has also been reported that 

children with obesity more often than children with normal weight have a low quality of life 

(39), low self-esteem (40), and are bullied because of their bodies (41, 42).  

The above-mentioned health consequences of obesity during childhood are predominantly 

present during later childhood, pre-adolescent, and adolescent years; little is known about 

consequences during early childhood. However, since obesity during early childhood 

considerably increases the risk of obesity during later childhood and adulthood (21, 22), it is 

still important to acknowledge and highlight the importance of obesity treatment and 

prevention, discussed later in section 1.2.5.   

1.2.3 Childhood obesity development and risk factors 

The short description of obesity is that it comprises the consequence of a long-term energy 

imbalance. A longer description would still lead to the same conclusion but would try to 

explain why this occurs in some individuals and not in others. The development of obesity is 

complex and involves a combination of genetic, environmental, and personality factors. We 

live in an obesogenic environment, an environment that allows us to consume more food and 

energy dense snacks than we need. It has been suggested that the rapid change in accessible 

mass-produced foods has changed people’s dietary habits and led to an increase in energy 

intake (43, 44). Food is available and affordable often just around the corner (45), and both 

fast food and sugar sweetened beverages are positively associated with BMI (46, 47).     

More than 500 genetic markers (loci) have been identified and associated with obesity in 

adults and together, they can explain up to 6% of the variation in BMI (48-50). However, it is 

unknown how these identified genetic markers impact body weight (48, 49). Most of the 

substantial evidence of genetic contribution to obesity comes from adoptive and twin studies, 

where it has been seen that adoptive children inherit their biological parents’ BMI rather than 

the adoptive parents (51). So far, the fat mass- and obesity-associated gene (FTO) is one of 

the most important genetic variant discoveries (52, 53), and the association between obesity 
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and FTO has been seen from 7 years of age (53). In addition, certain genetic syndromes and 

endocrine disorders can cause obesity; nevertheless, these syndromes and disorders make up 

less than 1% of children with obesity worldwide (54).  

Parental obesity has been described as a predominant risk factor for obesity in children (55-

58). Children to parents with overweight or obesity run a 6-10 times higher risk of developing 

obesity in childhood (55-57). It could be easy to think that this is strictly due to genetically 

inherited factors; however, this is not entirely true (59). Environment also affects the 

development of obesity and how it will be persistent throughout life (60). For instance, it has 

been shown in one twin study that the environment, i.e., food, PA and media habits, social 

context, living conditions, etc., impact the influence of the heritability and BMISDS (61). It 

has therefore been suggested that parental involvement in obesity prevention is highly 

appropriate (59, 61). Also, targeting children to parents with overweight or obesity would 

increase the odds of reaching children at the greatest need of intervention.  

Low SES is correlated to higher prevalence of obesity in children in high income countries 

(62-67). However, the opposite can be seen in lower income countries, i.e., high SES is 

correlated to a higher prevalence of obesity (68). A combination of financial struggles and 

lack of knowledge about healthy choices are possible reasons for this strong connection (69). 

Other family related risk factors for childhood obesity are  the following: maternal general 

stress (70), parental stress (71, 72), maternal depression (69) and permissive parenting style 

(69). 

1.2.4 Childhood obesity and physical activity 

Total energy intake is related to BMI in childhood (73-75), but the role of PA is less clear. 

Some studies conclude that increased PA and decreased screen-time and sedentary behavior 

(SB ) could prevent weight gain (76-79), however with limited effects and evidence on 

causality (80). It is hard to separate PA from dietary habits as it could be that individuals that 

are more active also eat better and that the effect on obesity is due to less energy intake. 

Despite this, including recommendations on increased PA and decreased SB in obesity 

prevention and treatment is still preferable (81-84) since PA can prevent and sometimes cure 

the comorbidities related to obesity (31, 79, 85-93). Both obesity and inactivity, respectively, 

decrease life expectancy (23-26, 94, 95), and refraining from trying to prevent either of them 

seems unethical.    

1.2.5 Childhood obesity prevention 

Knowledge from previous research shows that the success rate in pediatric obesity treatment 

decreases with age (96) and efficient treatment effects are lacking (97). This together with the 

serious health problems and comorbidities that come with obesity (21, 23-26, 31, 85-87, 98-

102), makes prevention of this disease crucial and a top priority. Prevention is often 

categorized as follows: 1. Primary prevention, with the aim of reducing incidence of a disease 

stepping in before any health effects are prevalent; 2. secondary prevention, with the aim of 

reducing prevalence of a disease screening for early signs of disease and preventing relapse; 
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and 3. tertiary prevention, with the aim to manage a disease post diagnosis slowing down or 

stopping disease progression. Childhood obesity prevention is primarily focused on primary 

prevention, which could be either directed to the general population or targeted to a risk 

group, for instance children in low SES areas or children to parents with obesity.  

Obesity related behaviors such as unhealthy dietary habits, poor sleep patterns and inactive 

lifestyles are prevalent already in early childhood (103-106). Stepping in before these habits 

have influenced weight would be desirable, thus prevention should start as early as possible 

(84, 107). However, previous research shows that attempts at the prevention of childhood 

obesity haves at best had limited effects (84). In a review by Peirson et al. from 2015, they 

conclude that childhood obesity prevention is associated with “small improvements in weight 

outcomes”, but that no strategy had consistently better results than others (84). It has 

nevertheless been indicated that interventions targeting a risk group has more often seen 

significant results (108). Targeted prevention could be more cost effective, using smaller 

resources for fewer individuals. However, the preventive paradox describes the complex and 

contradictory relationship between higher risk and incidence. Most cases of disease will come 

from the lower risk population and only a minority will come from higher risk populations 

(109), so including only higher risk individuals could be a pitfall. Still, if most prevention 

interventions show small to no effect on obesity, while targeted interventions seemingly have 

slightly better results, it could be effective for the population as a whole.   

The most common strategies are to combine interventions targeting PA and dietary habits, 

most often in a school/preschool setting (84, 110-112), which has been shown to modestly 

reduce overweight and obesity in children 6-12 years of age (112). Multicomponent 

interventions are preferable since it is associated with more effective outcomes, but if only 

one factor is to be targeted dietary habits has shown more effective outcomes than PA alone 

(84). It has been suggested that to reach the best possible results off prevention, more than 

one sector/arena needs to be involved and work together (84, 110-112). 

Motivational interviewing (MI) is an evidence-based approach to behavioral change focusing 

on open ended questions with a guiding style of communication designed to empower 

individuals to help them reach a change that they themselves formulated (113). Using this 

technique has been suggested and recommended for the prevention of childhood obesity 

(114). This technique has, however, resulted in mixed effects on child BMI (115, 116).    
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A summary of components potentially associated with significant effects in obesity 

prevention (84, 110, 111, 117-121) follows below: 

• Start early;  

• Involve the parents;  

• Long term interventions; 

• Interventions designed to fit within existing educational, health and care settings is 

favorable for future implementation success.   

A summary on what behavior changes to include and target potentially associated with 

significant effects in obesity prevention programs (84, 110, 111, 117-121) consists of the 

following:  

• Replace all sugar-sweetened beverages with water; 

• Increase fruit- and vegetable intake and reduce high-sugar/energy dense foods; 

• Reduce screen-time; 

• Increase possibilities for PA; 

• Promote high-quality sleep. 

 

1.3 PHYSICAL ACTIVITY 

1.3.1 Physical activity definitions, recommendations, and health effects  

In 1985, Caspersen et al. defined PA as “any bodily movement produced by the contraction 

of skeletal muscle that increases energy expenditure above basal level” (122). PA is often 

separated into categories defining activity intensity based on the metabolic equivalent (MET). 

One MET is the amount of consumed oxygen while sitting at rest, 2 METs is equal to 2 times 

the amount of consumed oxygen while sitting at rest, etc. (123). Light PA (LPA) is defined as 

any activity that requires 1.5-3 METs, for instance, walking slowly, smaller household chores 

(cocking and cleaning), working at the computer, etc. Moderate activity is defined as 

activities requiring 3-6 METs such as a brisk walk, swimming, washing windows, etc. 

Moderate intense activities should result in an increased heart rate and respiratory rate. 

Vigorous intensity is defined as activities requiring ≥ 6 METs for example, running, jumping 

rope, soccer, etc. Vigorous intense activities should result in a marked increase in heart rate 

and respiratory rate. SB is often referred to when describing body activity in a recumbent- 

sitting- or possibly standing position with limited, very low activity (124, 125) defined as 

MET <1.5. It should not be confused with the term inactivity often used to define insufficient 

PA, e.g., that the PA guidelines are not met (124). The level of PA is multicomponental and 

includes intensity, duration, and frequency.  

The most beneficial health effects from PA in adults are achieved from moderate to vigorous 

intensity PA (MVPA), however, LPA is also beneficial for health, but a longer duration is 

needed (79). In the 2018 Physical Activity Guidelines Advisory Committee scientific report a 

thorough review of the relationship between daily sitting time, MVPA, and risk of all-cause 

mortality was conducted (79)(D-13). In summary, too much sitting is hazardous for health, 
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yet if time spent sitting is complemented with MVPA, the risk is reduced. In children, 

esepecially during early childhood, the relationships between health outcomes and level of 

PA is not as clear and is more complex (79). Many factors associated with PA develop over 

time making it hard to evaluate the effect of PA versus the effect of aging. For instance, 

during early childhood increased muscular strength is mainly the result of an increased 

neuromuscular coordination and ability rather than an increased muscular cross-sectional 

area, which  it is later in life (past puberty) (126).  

In Sweden, the official recommendations for PA in children aged 6-17 are provided by the 

Public Health Agency and are based on the global guidelines provided by the world health 

organization (WHO) in 2020 (127, 128). The WHO guidelines were developed by critically 

reviewing the existing evidence on health benefits of PA, and when possible, the dose 

response relationship. Priority was given to all-cause mortality and cardiovascular mortality 

as the most critical outcomes followed by cardiometabolic markers, depression, cognition, 

health-related quality of life and other metabolic markers, etc. For children aged 5-17, the 

WHO summaries the evidence for PA as follows (128):  

• PA is associated with improved physical, mental and cognitive health outcomes; 

• Many benefits were observed at an average of 60 min in MVPA daily, but PA beyond 

60 min daily provide additional health effects; 

• On average, the evidence is insufficient to determine whether specific health benefits 

vary by type or domain of PA apart from the clear relationship between increased 

aerobic MVPA and cardiorespiratory fitness as well as the relationship between 

muscular strengthening activities and muscular fitness;  

• The association between SB and adverse health effects is generally strong, although 

there is insufficient evidence to set a precise threshold for time in SB.  

With this background, in Sweden for children aged 6-17 years of age the following is 

recommended (127):  

• Be regularly physically active throughout the week, on both weekdays and weekend 

days; 

• Limit the amount of time spent being sedentary, particularly the amount of 

recreational screen time; 

• Children and adolescents should do at least an average of 60 min/day of moderate-to-

vigorous intensity, mostly aerobic, PA, across the week;  

• Vigorous-intensity aerobic activities, as well as those that strengthen muscle and bone 

should be incorporated at least 3 days a week; 

• The activities should be as varied as possible to provide aerobic fitness, muscle 

strength, flexibility, speed, shorter reaction times, and coordination.  
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For children aged 0-5 years, there are no official recommendations for intensity, duration, or 

frequency in the Swedish recommentations. Children this age are recommended to (127): 

• Be encouraged to be physically active and provided opportunities for the same. For 

infants, this could be playing on the ground on both the back and the stomach. For 

children from 1-5 years, this could be active recreation, active transportation, active 

play, and spending time outdoors exploring different environments.  

• Not be limited in their movement accessibilities. Longer periods in a stroller, car 

seats, etc., should be limited and instead varied with some sort of PA. 

For the prevention of cardiovascular diseases, chronic respiratory diseases, diabetes, cancer, 

and mental illness, PA is essential and too little PA increases the risk of premature death (94, 

95, 129). Physically active individuals function better, sleep better and feel better (79). Being 

physically active in childhood is crucial for normal growth and the development of sufficient 

motor skills and physical fitness (including muscular strength, motor control, flexibility, and 

cardiorespiratory fitness) (90, 130, 131). Furthermore, in children from 6 years of age it is 

established that PA results in improved skeletal health (79, 131, 132), cardiorespiratory 

fitness (79, 90, 133, 134), and muscular strength (79, 135, 136). Also, regular PA has positive 

cognitive effects (93, 131) and affects attention and academic performance (137). Regular PA 

can also have positive effects on blood pressure (138-140), blood lipids, and insulin 

sensitivity (141-143) and has been associated with decreased depressional symptoms (92).  

Most of these mentioned health effects are primarily established for older children, whereas 

the health effects from PA in children 0-5 years of age are studied sparingly and scientific 

conclusions on the current evidence cannot be drawn. However, there are indications that PA 

has health benefits already at these ages, especially for improved skeletal health (132, 144) 

and cognitive development (131, 145).    

1.3.2 Assessing physical activity  

To measure PA can be challenging, especially when it comes to children that have 

intermittent PA behavior. Due to this, it has been pointed out as an important area of research 

to develop accurate measures for assessing child PA (107). There are two ways to interpret 

PA: activity behavior or energy expenditure. Concerning, the latter, indirect calorimetry and 

double-labeled water are rarely used for children since it is quite expensive, time-consuming, 

and hard to measure in real-life settings.  

Both subjective and objective methods can be used to assess PA behavior. Among the 

subjective alternatives, the most often used methods are activity diaries and questionnaires 

(146). However, since children cannot register on their own, activity diaries are not suitable. 

Instead, questionnaires are commonly sent to parents where they can estimate their child´s 

PA (146). These types of questionnaires are frequently used since they are easy to distribute 

and analyze, enabling a smooth assessment process. Nevertheless, questionnaires have shown 

low validity due to recall bias, misinterpretation, and social desirability (147, 148).  
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Among the objective measures, motion sensors in the form of accelerometers are most used 

(149-151). Traditionally, uniaxial accelerometers have been most frequently used, but 

technical developments have ensured prolonged battery capacity and improved resolution, 

resulting in that triaxial accelerometers becoming the current standard (150, 152). These 

accelerometers measure accelerations caused by body movement on three axes: horizontal, 

vertical, and tilted (149). This makes it possible to measure the vector magnitude (VM), a 

variable that combines the three axes into one outcome defined as √(x2+y2+z2). 

Accelerometers have been validated to measure PA among preschool children and toddlers 

(153, 154). Accelerometers have the ability to sample data many times per second and are 

therefore particularly good to measure ambulatory activity and can capture a child’s short 

bursts of high activity. 

 

Children wearing a triaxial accelerometer, the Actigraph GT3X.  

(Picture credit Anton Nicolau-Norén) 

The most common and frequently used method to handle data from accelerometers is to use 

the manufacturer-specific outcome, i.e., counts, which is an arbitrary unit for the amplitude 

and frequency of acceleration (150). Minutes spent on different activity intensity levels are 

calculated based on cut-points for each intensity level (155). Cut-points are most often 

developed by using observational data in combination with accelerometers (154, 156); 

afterward, the two methods are compared, and cut-points are set, using for instance regression 

models. The cut-points are sensitive to different populations and many of the developed cut-

points are only suitable for that specific population. For instance, cut-points developed for 

adults are usually only suitable for adults between 20-50 years of age; for, children and the 

elderly separate cut-points are needed (149). Levels of PA are used as a proxy to determine 

the intensity of the activity, enabling the study of both health related outcomes from different 

intensity levels as well as the determination of whether a population reaches the PA 

recommendations, since the recommendations rely on intensity.   

It is also necessary to take into consideration that children of different ages move very 

differently (154, 157). A two-year-old and a four-year-old have very different movement 

patterns, partly due to motor skill development (5, 7, 158), and for this reason, cut-points 

need to be developed for specific ages (149, 154). Another obstacle is that different devices 

need to apply different cut-points, and the same goes for different placement sites. 
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Traditionally, the hip has been the standard placement for accelerometers. However, wrist 

placement has been seen to increase user compliance, improve the ability to register and 

measure sleep patterns and increase the capability of capturing upper extremity movements 

that might distinguish LPA from SB (159-162). A change in standard placement site has been 

seen, leading to an increase of cut-points available (151, 163).  

Another method for evaluating and interpreting accelerometer data involves the total counts. 

This has been useful when the effect of an intervention is evaluated or when repeated 

measures from the same population are studied (150). It has been suggested that minute-

based counts can be useful in health research (150).  

1.3.3 Physical activity levels and patterns 

A recent review indicates that objectively measured PA levels have been trending downward 

over the last two decades, especially in adolescents (164), which could have adverse health 

effects (128). It has been suggested, based on objective measures, that less than 50% of 

children and adolescents meet the recommendations for PA (106, 165). However, these 

numbers vary extensively, and the “true” numbers are hard to specify (163). In Sweden there 

are no official numbers for the youngest children’s PA levels but for older children, the 

numbers are comparable to international ones (166, 167).  

PA seems to increase during the first years of life and thereafter it decreases, peaking at an 

age of 5-8 years (106, 168-171). From 6 years of age, PA has also previously been described 

to differ between weekdays and weekend days with most activity being performed on 

weekdays (172); it is, however, unclear at what age these differences start to occur. How a 

child’s daily pattern develops over time has, to the best of my knowledge, not been described 

in this age group using objective and prospective data.    

1.3.4 Interventions aiming to increase physical activity among children 

Since the population levels of child PA have shown low numbers (106, 165), as previously 

mentioned, attempts to increase PA in inactive children have been made and have been a 

target for research over the last decades (173). However, the results have so far shown limited 

effects (81, 174, 175). Reasons for this could for instance, be poor delivery, poor uptake, or 

insufficient intensity of intervention (81, 175). Another possibility is that the intervention 

implemented is not suitable for the specific group targeted (173). For example, it could be 

that the intervention takes place during a time of the day when the children are already most 

active; thus, while the intervention is successful in getting individuals to participate it simply 

replaces one activity with another. Studies aimed at increasing PA that have produced 

positive results from interventions often lack sustained intervention effects at long-term 

follow ups (81, 174, 175). This means that, during the intervention, the intervention group 

increases their PA in relation to controls, but after the intervention has been terminated, later 

follow ups show that no differences between groups are visible. 
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To acquire a positive PA intervention effect, existing evidence indicates that parental 

engagement and support should be encouraged and included (175-177). Also, when several 

sectors of society (government, health care, schools, etc.) are involved and work towards the 

same goals, this functions as a success factor for PA interventions (173). Furthermore, Pratt et 

al. conclude that for an intervention to reach the best possible effect and result, it is necessary 

to take into consideration the country, culture, and context in which it is implemented (173).  

Hence, gathering knowledge on how and in what context specific groups of children are 

active may help customize interventions to achieve the best results with sustained effects.   

1.3.5 Possible physical activity correlates 

One of the first published reviews on correlates with PA among children, still frequently 

cited, was written by Sallis et al. in 2000 (178). This review demonstrates that several factors 

correlate to children’s PA; however, this review has included a mix of studies using both 

subjective (self-/parental reported) data and objective data. Some correlates presented to 

child-reported PA have not been confirmed using objective measures. For instance, parental 

overweight status has not been found as a correlating factor when observed objectively (178-

180), but it has when measured by self-report (178).  

To review the existing knowledge on potential correlates to child PA the remaining section 

will be presented using the socio-ecological framework. This model enables structure and 

categorizes potential correlates into six different groups: demographic/biological; 

psychological/cognitive/emotional; behavioral attributes/skills; social/cultural factors; 

physical environment. 

1.3.5.1 Demographic/Biological correlates  

Genetics 

Research on adult populations has shown that individuals respond differently to the same 

amount of PA and that some improve their aerobic capacity substantially more than others. 

These types of individuals are often referred to as “low-responders” and “high-responders”, 

respectively. It has been demonstrated that high-responders activate specific genes more 

powerfully than low-responders and that the reason behind large differences (up to 30%) in 

increased aerobic capacity on the same PA amount is due to genetic differences (181-184). It 

could be that genes explain up to 50% of human variety in exercise effects (185, 186); 

however, it is not yet exactly clear which genes have the largest impact on exercise outcomes 

(187). It has also been found that PA influences FTO (185). Thus, PA seems to influence how 

much impact the FTO has on obesity. A physically active individual with an inherited FTO 

gene has up to 40% less pronounced risk off obesity than an individual living a sedentary 

lifestyle with the FTO gene (185, 188). This could indicate that PA has a multifunctional 

effect on obesity, both regulating genetic effects and as a direct effect on the energy balance 

(185, 189).  
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In children, there is evidence indicating that biological/genetic processes regulate PA (190), 

and it is possible that genetics contribute to both continuity and change in PA (191). 

Nevertheless, to what extent genetics impact the total PA in children is not completely clear.     

Sex 

The male sex has been consistently associated with higher levels of PA in children and 

adolescents, (106, 139, 178, 180, 190, 192, 193), but it is unclear if these differences are 

present in children aged 0-3 years (179, 194). 

Age 

PA seems to increase yearly during the first years of life but after the age of 5-7 it has been 

shown to decrease up until elderly adulthood (106, 168-171). It is, however, unclear at what 

age both the increase and decrease begin.  

Socioeconomic status  

SES is a frequently used variable indicating an individual’s economic, social, educational, 

and occupational status. However, the most often used parameter to indicate SES is 

educational level alone (195-197). SES has been correlated with child PA but the results are 

inconsistent. Some studies found children from high SES to be more physically active and 

less sedentary (178, 190, 198-202), but others identified the opposite or no significant 

correlation at all (178, 190, 203-205). It is notable that most studies focused on school-age 

children and adolescents whereas children under six years of age are rarely included.  

There seems to be some changes in the SES and PA correlation with age and method of 

measuring PA. Studies on older children and adolescents more often find a correlation 

between high SES to higher levels of PA but in younger children, the opposite correlation is 

more frequently seen (178, 190, 198, 199, 201-205). When comparing results from subjective 

data to objective data, the SES relationship differs. When using subjective data, a high SES is 

more often correlated to higher PA (178, 201). It should be mentioned that overall and 

worldwide, there have been unequal amounts of scientific research into PA depending on the 

SES status of the area and up to 50 times more research has been conducted within higher 

income countries and areas (206).  

Motor skills  

Motor skills have been seen as a factor positively correlated to PA from 4 years of age (9, 88, 

207-211), and motor skills in childhood have predicted PA levels in teenagers (212). In the 

youngest age group (0-4 years) a correlation has not been established (179). 

Parental weight status  

As mentioned, parental weight status has been a correlated factor to child PA when using 

self-reported data. However, when observed objectively this correlation is no longer seen 

(178-180, 190).  
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1.3.5.2 Psychological/ Cognitive/ Emotional correlates  

Among children and adolescents self-esteem, perceived activity competence, and cognition 

have all been positively correlated to PA, with depression negatively correlated albeit not in 

the youngest age group (<4 years of age) (93, 129, 190, 213). 

1.3.5.3 Behavioral attributes/skills 

For children in early childhood the most frequently studied factor within this domain is 

sedentary behavior in form of TV-viewing. Tv-viewing has been inversely correlated to PA 

in some studies but has not in others (180).    

1.3.5.4 Social/ Cultural correlates  

Previously, cross-sectional research has found correlations between parental and child PA 

(214-225). The correlations have varied, and some have found that parental PA correlates to 

child PA regardless of sex (214-219). Other studies have found correlations between either 

mother’s or father’s PA to either boy’s or girl’s PA, but sometimes no correlation at all (221-

226). However, the effect sizes of these studies have differed, and some have used self-

reported PA. There is also a lack of prospective study designs investigating the longitudinal 

relationship between child and parental PA.  

In addition, parental support has been correlated to older children (<6) and adolescents PA, 

but not to younger children to the same extent (175, 177, 180, 227, 228).     

1.3.5.5 Physical environment correlates  

Measuring time spent outdoors with accelerometers is a rather complicated task, since there is 

no way to know from that data where the individual is located. For this reason, some data is 

based on reported information. Time spent outdoors has been a frequent positively correlated 

factor to child PA (229-232). The way the outdoor environment is built, designed, and 

perceived seems to have a great impact on the amount of PA in children and adults (158, 190, 

231). Access to safe and available active transportation environments seems to especially 

positively impact PA (231).  

Season of year has been correlated to PA during childhood in areas with climate similar to 

Sweden (233). Reasons for seasonal differences in PA are likely a combination of decreased 

temperature, increased wind speed, increased rain and snow creating obstacles for individuals 

to spend time outdoors (233). In particular seasonal differences have been observed between 

summer and winter (233) 
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1.4 SUMMARY 

• Obesity in childhood is associated with many comorbidities and affliction. 

• PA has beneficial health outcomes, even during early childhood. 

• Obesity and to little PA, respectively, increase the risk of premature death. 

 

• Levels and patterns of PA have been described in older children >6 years. 

However, for the youngest children this has not been as frequently explored. There 

is also a lack of prospective studies during early childhood. 

• The literature has presented correlating factors to PA in children and adolescents. 

However, correlating factors to PA among the youngest children still needs to be 

further examined. 

• Evidence on correlates and predicting factors for PA among children using cross 

sectional study designs exist in the literature. 

However, prospective study designs examining correlating factors of PA in young 

children over time are lacking and have been called for. 

• Parental-child PA relationships have been investigated cross-sectionally with 

conflicting results. 

However, examining parental-child PA relationship using prospective longitudinal 

data is lacking and has been called for. 

 

• Preventing obesity in childhood is crucial, and existing literature cannot provide 

successful methods. Evaluating possible new interventions is therefore highly 

important.   

• Finding ways to increase PA among inactive children is needed since current 

interventions have shown limited effects. 

  



 

 15 

2 RESEARCH AIMS 

The overall aim of this thesis is to investigate patterns and correlates of physical activity (PA) 

during early childhood, cross-sectionally and over time. An additional aim is to investigate 

whether a long-term, multicomponent obesity prevention project could affect child weight 

status and child PA.    

Specific aims are as follows: 

• To examine patterns and changes of accelerometer-measured PA cross-sectionally 

and over time in children from 2 to 6 years of age. (Study I and II)   

o Investigating if these patterns are affected by sex, obesity risk and level of PA. 

(Study I and II)  

• To investigate potential correlates, including child sex, weight status, motor skill, 

obesity risk, SES and, parental accelerometer-measured PA, to child accelerometer-

measured PA, cross-sectionally and over time from 2 to 6 years of age. (Study I and 

II) 

• To study the covariation between PA and weight development during the early 

childhood years. (study I, II and III)  

• To assess the effects of a long-term, low-intensity, family-based intervention on the 

main outcome – preventing obesity in children to parents with overweight or obesity 

as well as on secondary behavioral outcome – child accelerometer-measured PA. 

(Study III)  
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3 METHODS 

3.1 STUDY DESIGN  

Study I was designed as a cross-sectional study with the aim to explore patterns and 

correlates of PA in three-year-old children, while study II was a longitudinal prospective 

cohort study examining PA patterns over time as well as possible correlates of PA. Finally, 

study III was a clustered randomized control trial evaluating the effects of a long-term obesity 

prevention intervention on the main outcome BMI z-score as well as secondary outcomes 

PA, sleep, dietary habits, and parental stress. A study overview is displayed in Table 1.  

 

3.2 MATERIAL 

3.2.1 Early STOPP design and setting 

This thesis consists of three studies, all sub-studies of the Early Stockholm Obesity 

Prevention Project (Early STOPP). Early STOPP was a clustered randomized control trial in 

Stockholm County. The study was initiated in 2009 and was terminated in 2018 after all 

children had attended a five-year-follow up. The primary aim of Early STOPP was to 

evaluate a childhood obesity prevention intervention on the main outcome BMI z-score. It 

aimed to evaluate if a low-intense but long-term family-based intervention would be more 

effective to standard child health care in preventing obesity in children at child aged 6 years. 

Secondary aims were to examine how obesity related factors such as PA, child sleep and 

child dietary habits correlated to obesity development as well as whether it would be possible 

to modify these factors in leading to a successful obesity prevention. Early STOPP was 

designed to fit within the standard child health care settings enabling for a smooth 

implementation if the intervention would result in a positive outcome. Children in Early 

STOPP had baseline measures taken at age 1 and were followed (and the intervention was 

delivered) up to 6 years of age.  

The trial was registered at ClinicalTrials.gov and in 2011 a study-protocol of Early STOPP 

was published (234).    
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Table 1. Overview of the studies included in this thesis  

  Study I Study II Study III 

Aim  To investigate the patterns of PA over 

the course of the day as well as over the 

week and whether PA correlates to child 

weight status and sex as well as parental 

weight status and education among 3-

year-old children. 

To determine patterns of accelerometer-

measured PA and their changes over 

time, in young children from 2 to 6 

years of age. Furthermore, the aim was 

to investigate if parental accelerometer 

measured PA, 

socioeconomic status, sex, weight 

status, and motor skills are correlated to 

child PA over time. 

To investigate the effects of a long-

term, low-intensity, family-based 

intervention on preventing obesity in 

children at high obesity risk and 

improving child eating behavior, sleep 

duration and PA  

Design Cross-sectional  Longitudinal prospective cohort study Clustered randomized controlled trial  

Participants Children from Early STOPP in the 

control group and reference group at 

age three, providing valid PA data 

(N=61). 

Children from Early STOPP in the 

control group and reference-group 

providing valid PA data from at least 

two measurement periods from age 2-6 

years (N=106). 

Children from Early STOPP in the 

intervention and control group (N=181). 

Main 

variables 

Child PA 

 

sex, weight status, obesity risk and 

parental education.  

Child PA 

 

sex, weight status, motor skill, obesity 

risk, parental PA, and parental 

education. 

Child Weight, BMI, BMI z-score and 

weight status. 

 

Child PA, sleep duration and eating 

habits (child eating behavior 

questionnaire)  
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3.2.2 Early STOPP randomization and recruitment  

A clustered randomization was applied where child health care centers (CHCC) were 

included and randomized to intervention or control. In total, 132 CHCC were asked to 

participate and 67 of them were randomized with 32 to intervention. The CHCCs were 

randomized using a computer-generated excel list, and the centers were stratified for capacity 

(number of children enrolled at the center, number of children living in the area and number 

of other centers in the area).     

Children were included in the study based on the CHCC they visited, and the recruitment was 

ongoing between 2010-2013. Families were asked to participate in the study at their child’s 8-

month check-up. This was an intervention targeting children at high risk for obesity based on 

parental BMI, so children were described as eligible if they: 1) had one parent with obesity 

(BMI ≥30 kg/m2) or two parents with overweight (BMI 25-29.9 kg/m2); 2) being born at full 

term (week 37-42) with a current age under 1 year; 3) had no chronic health conditions that 

could possibly affect weight development; and 4) had parents that could write, read and speak 

Swedish (234).  

In addition to the intervention and control group a reference group was included with children 

who had two parents with normal weight. They were included to enable comparison between 

the weight development and obesity related behaviors of children at high and low risk. The 

reference group was recruited from both the intervention and control CHCCs.  

Figure 1 presents the flowchart of randomization recruitment and inclusion in Early STOPP 

from baseline (child aged 1 years) to age 6 years. As displayed, there were difficulties in 

recruiting families to the intervention group, and despite planning for a 1:1 ratio and 

prolonged inclusion period we still ended up with a 1:2 (intervention/control) ratio. 

Recalculations were made for the power estimates showing that a total sample of 186 

children, with 62 children in intervention and 124 children in the control group, would 

provide >80% power (234). In June 2013 the recruitment to Early STOPP was officially 

closed.           
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Figure 1. Flowchart of recruitment, randomization and completed follow up at age 6 years in 

Early STOPP. 

 

3.2.3 Early STOPP Intervention 

The intervention in Early STOPP was low-intense, long-term, and family-based consisting of 

two components: individualized coaching sessions and written educational material/booklets. 

Both components focused on healthy lifestyle choices. The control and reference group 

received routine health care at the CHCCs.   

3.2.3.1 Written educational intervention  

Written information in the form of booklets were provided to the families yearly and 

consisted of current evidence regarding healthy lifestyle choices. The booklets were 

developed corresponding to the age of the child (1, 2, 3, 4, 5 and 6 years). The booklets 

focused on child sleep, PA and dietary habits from a parental practices point of view.  
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3.2.3.2 Individual coaching  

The coaching session were provided by trained coaches in the project, with backgrounds as 

dieticians, physiotherapists, nurses, or health promotors. The sessions were inspired by MI-

techniques; however, the sessions were never coded MI, and the coaches had a curriculum to 

follow (described below) so MI could not be fully cohered.  

The sessions targeted parental awareness and skills aiming to promote parenting behaviors 

that would increase healthy behaviors among the children. The behaviors in focus were the 

same as for the booklets, namely child sleep, PA and dietary habits based on the most recent 

evidence. Also, the sessions focused on assisting the parents in finding suitable and 

sustainable routines for their children at a specific age. The coaches had a checklist of 

topics/behaviors to promote during the session. Not every item on the list was supposed to be 

discussed at each session, but the checklist was created so the coaches more easily follow the 

same basic structure, delivering the same information.   

The sessions were designed to take approximately 1.5 h for the first session and 1h thereafter. 

During the first year, four sessions were included in the basic program and thereafter 2 per 

year. In addition, the families were instructed to call or email in between if they had any 

questions or concerns. The families could also request additional sessions if, for instance, the 

child started gaining weight or if sudden changes were made in the family. The sessions were 

held at a time and place that suited the family, most often in the family home during late 

afternoon.  

All sessions, and in between calls/emails, were logged and saved in the family’s files. There 

was a mean of 9 coaching session per family, where 22 (33%) families received 12 sessions 

and 12 (18%) families had more than 12 sessions.    

 

3.3 PARTICIPANTS 

In total, 238 children were included in Early STOPP; 181 in the high-risk group with 66 in 

the intervention group and 115 in the control group. Fifty-seven children were included in the 

low-risk reference group. Figure 1 presents the flowchart of randomization recruitment and 

inclusion in Early STOPP from baseline (child aged 1 year) to age 6 years. In study III, those 

children with high risk who participated were included in analyses (n=181).  

Participants in study I were allocated from the control and the reference group. Children with 

valid PA data (further described in section 3.5.2) at three years of age were eligible. A 

flowchart of study I is presented in Figure 2. 

Participants in study II were also allocated from the control and reference group. Children 

with valid PA data on at least two separate follow-up periods between 2 and 6 years of age 

were eligible. Flowchart of study II is presented in Figure 3. 
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Figure 2.  Flowchart of participants in study I 
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Figure 3. Flowchart of participants in study II 
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3.4 DATA COLLECTION 

Baseline measurements were collected at child aged 1 and thereafter every year ± 2 month 

from the child’s birthday up until 6 years of age. Both parents and children were measured 

yearly for anthropometrics and parents filled in questionnaires regarding; food preferences, 

PA sleeping habits, parental stress and more. They also provided sleep and food diaries and 

from two years of age the family wore an accelerometer. During three follow-ups the child’s 

motor skills were assessed.    

There were many measurements in Early STOPP that are not of particular interest for this 

thesis, for instance blood samples and pulse wave analysis. The following is a description of 

the data collected and used in this thesis.   

 

3.5 MEASUREMENTS  

3.5.1 Anthropometrics  

Anthropometric measurements were collected yearly for both children and their parents 

following standard procedures, using calibrated instruments and trained research staff. The 

children were measured in their diaper/underwear while parents removed shoes and extra 

heavy clothing. All measures were taken three times, and the mean from these measurements 

were used.    

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

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

Design Engineering, Elchinge, Germany). Waist circumferences was measured between the 

lower costal border and the iliac crest to the nearest 0.1 cm using a measuring tape.  

BMI was calculated as weight(kg)/height(m)² and for adults’ cut-offs for normal weight, 

overweight and obesity were used namely normal weight BMI 18-24.9, overweight BMI 25-

29.9 and obesity as BMI ≥30 as defined by WHO.  

Child weight status was calculated using BMI SDS, an age and sex adjusted variable 

waspreferable to use when evaluating weight status over time. We used the international 

reference provided by IOTF to classify overweight and obesity (13).  

3.5.2 Physical activity in parents and children  

PA was assessed objectively using the triaxial accelerometer Actigraph GT3X+ (Actigraph, 

Pensacola, FL). We used a sampling rate of 30 Hz and all data was initialized, downloaded 

and analyzed in the ActiLife program, version 6.11.9. The main outcome used was counts per 

minute (CPM) from the VM. The VM CPM was calculated in study I and II for weekdays 

and weekend days separately and in study I-III total PA was calculated.  
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Both children and parents wore the accelerometer for seven consecutive days on their non-

dominant wrist (157). In study I, sleep was removed for children between the hours 8.45 pm 

– 7.20 am (235). In study II-III sleep was removed for children between the hours 21:00-

07:00, and in study II it was removed for parents between the hours 23:00-06:00 after double-

checking accelerometer data and sleep diaries.  

For a day to be considered valid it had to contain at least 10 hours of PA measurement (157, 

236) with a minimum of 100 VM CPM (224). For a measured period to be considered valid, 

at least four days, including one weekend day, must have been registered (157, 237). All 

measured periods with less than four valid days or missing weekend data were excluded from 

analyses. In study II, at least two measured periods over time (from age 2-6 years) had to be 

obtained to be included.  

3.5.3 Motor skills  

Motor skills were assessed at age 2, 4 and 6. At age 2 and 4 to assess motor skills the 

neurological examination technique for toddler-age according to Hempel was used (238). 

However, in this thesis only motor skills from age 6 were included in analyses. At age 6, the 

Movement Assessment Battery for Children 2nd Edition (MABC-2) was used to assess motor 

skills (159). This test was designed for children aged 3-16 and we used the specific age range 

for children between 3-6 years of age (159). In study II, a dichotomous variable was created 

classifying motor skills as low or high with low being defined as scoring ≤15th percentile. The 

test was carried out by a health promotor specially trained in assessing the test.        

3.5.4 Additional child and family-related factors 

Child sex (Study I-III) was assessed at baseline, reported by parents as “boy” or “girl”. 

Socioeconomic status (Study I-III) was defined using the proxy parental education. Parents 

reported highest level of education at baseline and 6 years follow up as either compulsory 

(nine years), high school (12 years) or academic education (>12 years). A family was 

considered to have high SES if at least one parent had an academic education.   

Country of origin (study I-III) was assessed at baseline and parents reported the country they 

were born in. Herein defined as Nordic or non-Nordic where non-Nordic was defined as at 

least on parent originating outside of the Nordic countries.  

Number of siblings (study I) was reported yearly by the parents including the ages of possible 

siblings.  

Daycare (study I-II). Parents yearly reported primary childcare as either “home with 

parent/guardian” or “attending preschool”, and if they reported “attending preschool” they 

also reported if the child spent ≥30 hours or <30 hours per week at the preschool. Part-time 

was defined as the child spending <30 hours per week at preschool or staying at home with 

parent/guardian.   
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Season of year (study I-II) was assessed using the date from which the accelerometer was 

used. It was categorized as spring (March-May), summer (June-August), fall (September-

November), and winter (December-February). 

3.6 STATISTICAL METHODS  

Descriptive data were presented as mean and standard deviation or as frequencies (%). 

Variables were checked for normal distribution by visually inspecting histograms as well as 

conducting the Kolmogorov-Smirnov test. All tests were two-sided, and the significance level 

was set to <0.05. The Bonferroni correction was used in cases of multiple testing. Statistical 

methods used in this thesis are summarized in Table 2.  

All statistical analyses were performed using IBM SPSS Statistics for Windows, Version 

26.0. (Armonk, NY: IBM Corp) and STATA StataCorp, 2019. Stata Statistical Software: 

Release 16 (College Station, TX: StataCorp LLC). 

 

Table 2. Statistical methods used in this thesis  
  Study I Study II Study III 

Descriptive statistics x x x 

Independent samples t-test x x x 

Chi-square test x x x 

Paired t-test x x  
Analysis of variance (ANOVA) x x  
Repeated measures (ANOVA) x x  
Linear regression x   

Effect size by Cohen x x  
Post hoc power equation  x   

Linear mixed model  x x 

Logistic regression   x 

Generalized linear model      x 

    

 

3.7 ETHICAL CONSIDERATIONS 

Early STOPP was originally approved by the Stockholm Regional Ethics Committee in 

March 2009 (file no. 2009/217-31). The project followed the guidelines of the Declaration of 

Helsinki, and the parents signed a written consent to be a part of the study. The project also 

has the following approved amendments: 2009/754-32, 2010/756-32, 2010/1987-32, 

2011/1147-32, 2013/2298-32, 2015/377-32. When necessary, the parents signed a renewed 

written consent for the changes. Early STOPP was registered in a clinical trial registry in 

2010 (clinicaltrials.gov, ID: NCT01198847).  
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An important ethical aspect needs to be addressed within this thesis namely, that promoting 

healthier lifestyle choices with the goal of decreasing the incidence of obesity could lead to 

an unhealthy/negative body image, possibly leading to an eating disorder among the 

participating children (239). This concern might be even greater for children to parents with 

overweight and/or obesity. However, in a recent review over effectiveness of weight 

management in family-based interventions no such adverse effects were found (240). In 

general, preventive interventions targeting overweight and obesity have shown little- to no 

adverse effects as consequences of the interventions (84, 112, 241, 242).  
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4 RESULTS 

4.1 STUDY POPULATION  

The baseline characteristics of the 238 families included in Early STOPP are presented in 

Table 3. The children had similar characteristics between the risk groups. As expected, due to 

the study design, parents in the high-risk group had higher weight, BMI, and waist 

circumference. There were also differences in educational level between parents in the 

different risk-groups with the low-risk parents being more often highly educated. Overall, the 

included families in Early STOPP had a higher educational level than the general population 

in the Stockholm County during the same period (less than 12 years education 41% vs. 47%).  

In study I, 61 children were included from the reference group (n=20) and the control group 

(n=41) after excluding all children without valid accelerometer data. There were no 

differences between included and excluded participants with respect to sex, weight status, 

age, or parental education.  

In study II, 106 children were included from the reference group (n=43) and the control group 

(n=63) after excluding all children not meeting the inclusion criteria of minimum two valid 

accelerometer periods over time. In total, 17 children had valid measures at all time points 

and 85% had three or more valid periods. Number of valid days per measure period were 

high across all years for children (all years mean 6.7 days) and parents (all years mean 6.8 

days). Excluded families (n = 66) were more likely to be in the high-risk group (p<0.010) and 

had a lower educational level (p=0.035) than the included families.  

For study III, all children included in the Early STOPP randomization (high-risk) were 

included in analyses of the intervention effect with 66 children in the intervention group and 

115 children in the control group. There were differences between the groups at baseline with 

children in the control-group having significantly higher, BMI (mean difference 0.52 p=0.04) 

and BMI z-score (mean difference 0.32 p=0.04); they were also more often from families 

with a low educational level (38% vs. 23% p=0.04) compared to children in the intervention 

group.   
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Table 3. Baseline characteristics of children and parents included in Early STOPP 

  High risk  Low risk 

    

Intervention 

(n = 66) 
 Control 

(n = 115) 

Total 

(n=181) 
 

Reference 

(n = 57) 

Children       

  Boy, n (%)  33 (50)  59 (51) 91 (51)  22 (39) 

  Age (months) 11.9 (1.3)  12.0 (1.0) 11.9 (1.1)  12.2 (0.7) 

  Birthweight (kg) 3.65 (0.6)  3.72 (0.6) 3.69 (0.6)  3.64 (0.5) 

  Weight (kg) 10.08 (1.3)  10.39 (1.3) 10.3 (1.3)  10.0 (0.9) 

  Height (cm) 76.33 (3.6)  76.37 (2.7) 76.4 (3.0)  76.1 (3.0) 

  BMI (kg/m2) 17.26 (1.5)  17.78 (1.7) 17.6 (1.6)  17.4 (1.2) 

 BMI z-score 0.41 (1.0)  0.75 (1.0) 0.63 (1.0)  0.55 (0.8) 

  Weight-for-height z-scorea 0.52 (1.0)  0.84 (1.0) 0.73 (1.0)  0.62 (0.8) 

Mothers       

  Age, (years) 34.3 (4.4)  33.7 (4.4) 34.0 (4.4)  34.3 (4.6) 

  BMI, (kg/m2) 32.02 (6.6)  31.77 (5.9) 31.9 (6.2)  22.4 (2.1) 

  Education (<12 years), n (%) 25 (40)  47 (44) 72 (42)  13 (24) 

 Non-Nordic background, n (%) 5 (8)  10 (9) 15 (9)  6 (10) 

Fathers       

  Age, (years) 35.2 (5.6)  36.79 (5.9) 39.4 (15.7)  36.6 (5.6) 

  BMI, (kg/m2) 29.33 (4.7)  30.53 (4.7) 30.1 (4.7)  23.1 (1.5) 

  Education (<12 years), n (%) 26 (47)  55 (55) 81 (52)  13 (24) 

  Non-Nordic background, n (%) 7 (12)  17 (17) 24 (15)  2 (4) 

Family       

  Low education level, n (%)c 14 (23)  41 (38) 55 (32)  6 (11) 

  Non-Nordic background, n (%)d 12 (19)  23 (22) 35 (21)  7 (12) 

 

Values are means ± SDs, unless otherwise indicated. BMI, body mass index. Differences between intervention and control 

groups were identified in child BMI, weight-for-height z-score and low family education level. 
a Calculated from the WHO growth reference for children under age 5 years (243).  
c Low family education level was defined as neither parent having post-secondary education.  
d Nordic family background was defined as at least one parent being born in a Nordic country.  

Missing baseline data: child birthweight (n = 18), waist circumference (n = 8); maternal weight measures (n = 1), Nordic 

background (n = 14), and education level (n = 11); paternal age (n = 7), weight measures (n = 16), Nordic background (n = 

26), and education level (n = 29); family education level (n = 11), Nordic background (n = 13). 
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4.2 PHYSICAL ACTIVITY PATTERNS  

Measured PA increased with age an average of 11% per year (mean 3170 CPM (95% CI 

3007-3334)) year two to mean 4369 CPM (95% CI 4207- 4533) year six). This increase was 

observed over the course of the day at both “peak hours” for activity as well as for the lowest 

periods. Over time, the peak hour parameters remained stable at approximately 10 a.m. and 3 

p.m., as illustrated in Figure 4 (study II).  

Figure 4. Hourly pattern of child physical activity on weekdays and weekend days at,  

A: age 2 years of age and B age 6 years of age. (Study II)    

 

From 3 years of age, PA differed between weekdays and weekend days with higher PA on 

weekdays (Figure 5) (study I and II); however, at no age did PA differ significantly between 

all weekdays separately. These patterns were similar for boys and girls as well as children in 

high and low obesity risk groups (study II).  

These patterns differed between tertiles based on PA, where children in the lowest tertile did 

not increase their PA during weekdays. Despite this, the children were still less active on 

weekend days than the children in tertile “medium” and “high”, even though they had 

significantly less PA during this time compared to weekdays (Figure 6)(study II). 
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Figure 5. Week and weekend differences across all years (Study II)  

*p-value significant for differences between weekdays and weekend days 

The bars represent mean value for weekdays and weekend days, respectively 

Error bars represent standard deviation 

 

Figure 6. Week and weekend differences in physical activity across all years by tertiles 

(Study II) 

WE=Weekdays, WD=Weekend days 

T1=tertile 1 (low activity) T2=tertile 2 (medium activity) T3=tertile 3 (high activity)  

The bars represent the mean value for weekdays and weekend days, respectively  

Error bars represent standard error 
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4.3 PHYSICAL ACTIVITY CORRELATES  

In study I child PA on weekdays correlated to SES, where children with low SES were more 

physically active than children from high SES families. None of the other studied variables, 

i.e., sex, weight status, risk group, country of origin, and number of siblings nor season of 

year correlated to child PA (study I). 

In study II, we found in the full LMM analyses that maternal PA was correlated to child PA 

(coefficient of 0.16, p-value 0.026, effect size 0.32 medium effect as defined by Cohen et al.), 

as was high preschool attendance and season of year. In bivariate models, SES was 

negatively correlated to child PA; however, in none of the fully adjusted models did SES 

remain significant. Child Sex, weight status, motor skills, risk group, and family origin were 

not significantly correlated to child PA when analyzed longitudinally or cross sectionally. 

Additional analyses were made for this thesis from the material in study II to examine if 

activity tertile was correlated with overweight and obesity, which it was not at any timepoint.  

 

4.4 WEIGHT AND WEIGHT STATUS DEVELOPMENT IN CHILDREN  

Figure 7 presents the development of height, weight, BMI and BMI z-score from 1-6 years of 

age. Children in the high-risk group were significantly heavier (mean difference 2.2 kg p-

value <0.001) and had a higher BMI (mean difference 1.29 kg/m2 p-value < 0.001) and BMI 

z-score (mean difference 0.73 p-value < 0.001). Of the 36 children with overweight or 

obesity none belonged to the low-risk group.   

In study III there was no association between BMI z-score and child sex, family education or 

Nordic background. However, adjusted longitudinal generalized estimating equation models 

showed increased odds for a child to develop overweight or obesity if the family had a low 

educational level compared to a high one (OR = 2.96, 95% CI: 1.23-7.06, p-value = 0.02).  

In additional analyses for this thesis the material from study II was analyzed to study if child 

PA was correlated to BMISDS using LMM analyses. The results show that level of PA was 

not correlated to BMISDS (coefficient of 0.0000978 (95% CI -0.000032 to 0.0002276) p-

value 0.140).  

Comparisons between children in the intervention-group and the control-group are presented 

in section 4.5.1.  
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4.5 EARLY STOPP INTERVENTION EFFECT  

4.5.1 Main outcome 

There was no intervention effect on the primary outcome for BMI z-score, BMI or weight 

during the follow up period when adjusting for child sex, Nordic background, family 

education and baseline measures. Children in the intervention group had a lower BMI z-score 

and BMI than children in the control group at all time periods; however, when adjusting for 

the baseline data these differences were no longer significant. There was an intervention-by-

time effect on child weight, and differences between intervention and control-groups 

increased over time as children in the intervention group had less weight increase per year (-

0.24 kg, 95% CI: -0.41, -0.06, p = 0.008). This intervention-by-time effect was not detected 

for BMI z-score nor BMI. Furthermore, the intervention was not effective in reducing the 

odds of children developing overweight or obesity based on the adjusted longitudinal 

generalized estimating equation models.  

There was significantly lower odds of children in the intervention group to have overweight 

or obesity at age 4 compared to the control group. This remained significant after adjusting 

for child sex, family education, Nordic background, and baseline measures (OR 0.3, 95% CI: 

0.09–0.96 p-value 0.041). However, this effect was, as mentioned, not detected later during 

the intervention follow-up. 

4.5.2 Secondary outcomes 

There were no intervention effects on any measured secondary outcome including child 

eating behavior, child total sleep duration or child total PA. We performed intention-to-treat 

analysis adjusting for child sex, family education, and Nordic country background on total 

PA (mean difference = -35.2 CPM (95% CI: -205.8, 135.4) p-value 0.7) (study III). In 

addition, for this thesis, a similar analysis was performed for child PA on weekdays and 

weekend days separately showing similar results (Figure 8). Furthermore, analyses were 

performed to study the intervention effect on the least active children, i.e., children in tertile 

3. Children in both the intervention and control group were evenly distributed across the 

tertiles and not overrepresented in any of the tertiles across ages.    
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Figure 7. Child weight status development across ages for intervention, control and reference 

group respectively. (Study III) 

Error bars represent 95% CI   

 

Figure 8. Child physical activity over time by risk group 

A. Child physical activity over time on weekdays 

B. Child physical activity over time on weekend days 

C. Child total physical activity over time 

Error bars represent 95% CI 
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5 DISCUSSION 

5.1 MAIN FINDINGS  

In Early STOPP, a longitudinal study, children are shown from early ages to be more 

physically active during weekdays than weekend days, and the level of PA varies across the 

day. On average, child PA increased with 11% per year from age 2 to age 6. No significant 

differences in PA patterns between boys and girls nor high and low obesity risk were found.  

The least active children (based on tertiles) did not have higher levels of PA during weekdays 

compared to weekend days, which was observed in the middle and mostly active children.  

Over time, maternal PA, was correlated to child PA as was time in preschool and season of 

year. A child’s sex, weight status, obesity risk, motor skill and ethnicity was not correlated to 

PA over time nor was parental SES.   

Early STOPP, a long term, low-intensive, family-based, multicomponent obesity prevention 

intervention, using individualized coaching sessions, was not successful in its goal to reduce 

the development of obesity during early childhood nor was it able to affect the secondary 

outcome, PA.  

 

5.2 CHILD PHYSICAL ACTIVITY PATTERNS FROM AGE 2 TO AGE 6 

5.2.1 Overall changes in physical activity 

In this thesis an average yearly increase in measured PA of 11% yearly was found. In the 

Early STOPP cohort, PA increased up until 6 years of age. This is congruent with previous 

data, which indicated a plateau in PA at age 5-8 years (106, 168-170). Our data both confirm 

these findings and complement the PA pattern evolvement since we provide data from 2 year-

old children. Also, our results are based on longitudinal data, following the same children 

over a longer period. Previously, most studies have used cross-sectional data from different 

children at different ages during different times (106, 169, 170).  

Reasons for this increase are most certainly multicomponent. Firstly, during these studied 

years children experience a rapid motor skill development, and they expand their movement 

capacity positively affecting their ability to be physically active (5-7). Also, since the 

accelerometer was placed on the wrist the combination with an increased arm length and 

faster and straighter upper limb movements could contribute to an increase in CPM (6, 169). 

Another factor is a child’s sleeping habits. At 2 years of age, children might still nap during 

the day but with time that nap is no longer commonly needed. However, that would not 

explain the continuous increase in PA up until age 6, since most children stop napping prior 

to that.  
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In Sweden, during these measured years, there has not been an average increase in PA among 

the children in the population. Even though official numbers on the youngest children’s PA 

levels are scarce, they rather present a decrease or at least a stable trend over these years 

(166). The increase that we describe is most likely a natural increase due to the children’s 

bodily development and growth. It would be interesting to study if the increase continues 

after the age of 6 within this cohort. These findings are important to consider when 

interpreting results from interventions. A possible increase in PA after an intervention should 

not solely be assigned the intervention per se but also be put in perspective to the natural 

increase.  

5.2.2 Daily patterns and week variations of child physical activity  

PA differed depending on the time of day, at all years. However, the daily pattern became 

more evenly distributed as the children aged. Even so, the peak hours for activity stayed the 

same over time (mid-morning and mid-afternoon). This daily pattern is most certainly 

affected by the fact that younger children nap during the day and older children do not, which 

we have reported previously (244, 245). Even so, there is still a notable dip in activity during 

mid-day indicating that children still rest to some extent even when they are older.  

The daily pattern is more or less the same on weekdays and weekend days, although over all 

lower on weekends. In Sweden, almost all children aged 2-5 years attend preschool to some 

extent (246). The preschools in Sweden follow a national policy document stating that the 

preschool should provide a balanced daily rhythm appropriate to the child’s age (247), and 

this policy is, by law, to be followed by all Swedish preschools (248). The children should be 

provided the opportunity for rest, activities, both inside and outside, and during the day the 

children should be able to alternate between different activities (247). There are also a 

statement saying that the preschools should keep a close and confident relationship with the 

children’s guardians (247). This national policy goes in line with the recommendations for 

children’s well-being provided by child health care centers during the first 5 years of a child’s 

life. So, it is not surprising that the weekend days follow the same patterns as the weekdays. 

Parents in Sweden are from an early stage “guided” into a daily routine for their children 

mirrored by the one they have in preschool, all of which provides the hypothesis that Sweden 

has a strong culture for a “daily routine” when it comes to children.   

Overall, we found differences in PA between weekdays and weekend days from three years 

of age. The children were more active on weekdays than weekend days, and over time these 

differences increased. This has been shown before, especially among older children (249-

251) and very recently in two year old children (252). This could have several explanations; 

for instance, it could reflect the more scheduled time for activities that preschools are 

obligated to provide as previously discussed above (236, 247). It has also been suggested that 

preschools spend more time outdoors with children than parents (236, 253), and outdoor play 

has been associated to higher PA (232). Furthermore, it has been shown that preschool staff’s 

engagement in child activities increase the children’s PA (254). However, the least active 

children did not differ in PA, and they were not more active on weekdays than weekend days. 
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They were also significantly less active than the children in the highest tertile and the trend 

showed that they were less active than the middle tertile, during weekend days. This has, to 

the best of our knowledge, not been reported previously in this age-group of children. In older 

children aged 6-10 years the least active children still had the same week variations in PA as 

the middle and mostly active children (255). The finding is interesting and suggests that the 

preschools might be an arena with more potential for future interventions aiming at enhancing 

PA in the least active children. Future research should focus on characterizing the least active 

children, so that interventions, possibly in preschool settings, might reach the most beneficial 

group.  

Another possible explanation for the week/weekend differences in PA previously presented is 

that parents perceive that they do not have time to be active with their children and that PA is 

something that the preschool should provide (222, 256). However, our results show that 

maternal PA was correlated with child PA over time, and we also found that time in 

preschool was positively associated with child PA. Our results indicate that the uneven 

distribution in PA between weekdays and weekend days is driven by factors at the preschool 

rather than parental lack of engagement in child PA. This could also be strengthened by the 

fact that we found no differences in the youngest children in our cohort. It is possible that the 

youngest children move more evenly since they have a premature movement pattern that is 

not as affected by external factors. The studied children are, however, very young and it is 

possible that the reason for lower activity during weekend days is driven by the child’s 

internal need for rest (257).  

 

5.3 CORRELATES OF CHILD PHYSICAL ACTIVITY 

To study possible correlates to child PA the socio-ecological framework was used that 

enables structure. Most studied possible correlates were from the demographic/biological 

domain and over all the analyses showed that some of the correlates might be of importance 

for child PA.  

5.3.1 Child sex 

This thesis cannot report sex as a correlate to child PA cross-sectionally or over time nor was 

sex affecting the pattern of PA across the day or over the week. Previous research has found 

boys to be more physically active than girls in children 4-17 years of age (106, 139, 178, 180, 

190, 192, 193). Bauman et al. consider the male sex as a determinant (causal factor) among 

children 4-9 years (190). However, our results are in line with recent studies on children in 

the same age span measured with accelerometry (169, 252, 258). Even so, our findings on the 

parents were consistently showing mothers to be more active than fathers contradicting 

previous findings in adolescents. This could indicate that PA is more driven by external 

factors, possibly due to societal expectations rather than genetic factors. It has been presented 

that genetic factors are potential determinants for PA, for instance intrinsic biological 

processes and CNS mechanisms (190). However, it has also been concluded that even though 
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there is a genetic contribution to PA there is not a robust association to daily PA (190). Thus, 

the genetic drivers behind the sex variations in PA has not been confirmed.  

It could be that societal expectations are affecting us most during the childhood years when 

kids “play” the most (possibly between the ages 4-9 years). Society might have strong 

feelings regarding typical “boy activities” – mostly wild running games and typical “girl 

activities” – mostly calm and at ease. Whereas during the youngest years most children are 

expected to act more or less in the same toddler-like way. For adults, women are to a greater 

extent than men, expected to be fit and healthy and therefore act in this way. This has, to the 

best of my knowledge, not been confirmed in any studies but could be a possible explanation 

as to why the association between sex and PA vary across the lifespan.       

5.3.2 Obesity and obesity risk  

In study I and II weight status nor obesity risk were found to be correlates to child PA, neither 

cross-sectionally or longitudinally. The relationship between PA and obesity is complex, and 

the literature is inconclusive. Previously Cooper et al reported children with normal weight to 

be more physically active than children with overweight/obesity from seven years of age 

(106) yet without being able to determine causality or direction of causality. Hubbard et al 

reported differences in MVPA in favor of children with normal weight (236). Moreover, the 

findings from Early STOPP are in line with previous data on preschool-aged children at both 

high and mixed risk for obesity (7, 259). The review from Elmesmari et al. does report 

significant differences but mostly in adolescents and with small differences in only the 

highest level of PA. Since level of PA was not studied in study I or II it is possible that 

differences might still be detectable. However, the absolute numbers of total PA showed no 

such indications.    

5.3.3 Motor skills 

We could not find any correlation between PA and motor skills. Previously there has been 

evidence showing that children with a more well developed motor skill competence are more 

physically active than children with insufficient motor skills, both in 5-6 (210) and 8-10 (207) 

year-old children, contradicting our findings. However, fundamental movement skills have 

been showing a strong association to high levels of PA but not to light levels in children aged 

3-6 years (211), which could help explain our findings since we have not analyzed our data 

based on activity level but rather total PA. It is also possible that the used method was not 

sensitive enough to detect very small differences in motor skills. The test was created to 

identify and detect delay or impairment in motor development and all tests were carried out 

by a physical educational teacher with specific training in the test. Even so, it is possible that 

lack of skills resulted in less accurate scoring, mimicked in the results showing most children 

to have relatively high scores.    
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5.3.4 Socioeconomic status 

In study I, low parental SES, determined by educational level, was correlated to higher PA 

for children aged 3. However, in study II this correlation could not be confirmed, but there 

was a trend suggesting that the children from low SES families were more active than 

children from higher SES families. This relationship has previously been reported (203) using 

parental education as proxy for SES and the same age among the children. The relationship 

between SES and PA seem to differ depending on age, where the relationship in 

preadolescent and adolescent children seem to be the opposite, and variable to report, where 

subjective data more often reported a positive correlation (178, 190, 199-201). Subjective 

data is most likely affected by social desirability, meaning that individuals tend to report 

“healthier”/“better” behaviors that they think the researcher would like to hear, especially in 

higher educated cohorts (147, 148, 260). The age of the child could perhaps reflect that PA 

during the youngest years is mostly from active play and active recreation but during older 

years it is more often from structured sports that cost money (232).  

Our results indicate that parental education is inversely correlated to some extent to child PA. 

It is possible that this is not the “real” relationship, but rather that some other factors are 

hiding behind it, which we cannot fully capture using this method. Some examples include 

living conditions, accessibility to safe outdoor environments, etc. Future research should 

therefore keep investigating factors connected to SES that could affect child PA.       

5.3.5 Parental physical activity  

PA did not differ significantly over time among the parents. However, differences between 

weekdays and weekend days were observed with parents engaging in more PA during 

weekend days, a pattern opposite the children’s PA. Also, the parental peak hour for activity 

differed between weekdays and weekend days at all years, with activity peaking at lunchtime 

(11am-12pm) during weekend days and at 5 pm on weekdays. Both the weekday/weekend 

pattern and the peak hour differences resembles population results reported by Wennman et 

al. (171). It seems as if parents have a greater alternation in their PA than the children who 

had a more even pattern. Wennman et al also reported a decrease in PA with age among the 

adult population, a pattern that we cannot confirm. However, they studied their material in 

age-groups of 10 years, which could explain the absence of a decrease in our material. Also, 

it has been shown that parents engage in less PA than non-parents (261, 262), and since not 

all adults are parents the Early STOPP cohort is not representative for the population. None 

the less, the differences in activity showing mothers to be more physically active than fathers 

are in line with previous population data (169, 171). This is an interesting finding since most 

studies on children and adolescents indicate the opposite, as previously discussed. When and 

why these differences start to occur is an important area of research since it indicates that the 

level of PA is not equal between sexes.   
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Previously the relationship between child and parental PA has been reported with mixed 

results (214-224). In Early STOPP paternal PA was correlated to boys PA at child aged two, 

which is in line with previous findings (199, 224, 263). However, after the age of two 

paternal PA was not correlated to child PA regardless of sex, neither cross-sectionally nor 

longitudinally. Maternal PA on the other hand, was correlated to child PA both cross-

sectionally and over time. In a recent review including children aged 6-12 years of age, most 

studies reported a positive association between parental and child PA (263). They conclude 

that maternal PA was clearly overrepresented as an investigated factor, and a trend towards 

the same sex dyads (mother/daughter, father/son) on significant relationships/correlations was 

found (263). The correlation observed in this thesis between parental and child PA was 

similar for boys and girls (besides the correlation between fathers and sons at age 2) in line 

with previous data in preschool aged children (222). Parental PA has been suggested as an 

important factor for child PA (263) based on social cognitive theory (264), basically saying 

“children do what you do”. However, despite us finding a correlation between mothers and 

children, we cannot determine the direction of causality. Hence, it could be that an active 

child requires an active mother rather than vice versa. Even so, it is not uncommon for 

children to spend more time with their parents during the first years of life, and in Sweden it 

is not unusual that mothers spend more time with their children than fathers (265). This could 

possibly explain why we found maternal but not paternal PA to correlate to child PA. It could 

also reflect why reported findings are conflicting with regards to sex and age where maternal 

PA seems to be more often correlated during the younger years in a child’s life (215, 216, 

222). Determining the direction of causality in the parental child PA relationship is an 

important step for future research. If parents drive their children’s PA, targeting parents in 

hope of increasing child PA could be a winning concept. However, it should be mentioned 

that research has already concluded that involving parents in both PA interventions as well as 

childhood obesity prevention interventions is crucial (84, 119-121, 174, 266-268); 

nevertheless, determining if an increased parental PA will lead to child increased PA should 

be prioritized.       

5.3.6 Additional factors  

Both season of year and preschool attendance were found to be significant factors correlating 

to child PA. These relationships have been reported previously and were therefore included 

(194). The result from this thesis suggests that season of year and time in preschool are 

important factors that need to be considered when investigating PA relationships in early 

childhood.  
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5.4 INTERVENTION EFFECT ON CHILD WEIGHT STATUS 

Early STOPP was not effective in its goal to prevent obesity in children with a high risk for 

the disease. This was a disappointment since the study aimed to support families for a long 

period using minimal resources. However, the results mirror reviews concluding that 

preventive efforts have no to small effects on weight status in children (84, 112). We could 

not identify any significant effects on BMI, BMI z-score, or waist circumference. However, 

the children in the intervention group gained less weight per year. It is possible that 

differences between groups would have been statistically significant if the sample size would 

have been larger. Even so, it is not realistic, based on the current results, to think that a 

possible significant result in a greater sample would have a large effect on the clinical 

outcome. It has been shown that short-term positive effects from preventive efforts (less than 

12-month interventions) fail to provide long-term outcomes on BMI z-scores (115, 269-272).  

Early STOPP covered most of what the literature has reported to be components potentially 

associated with significant effects on preventing obesity, namely involving the parents, 

focusing on a combination of factors (PA, sleep and dietary habits), and using MI inspired 

techniques (84, 112, 119, 273-275). We also focused on children at greater risk for obesity 

based on parental BMI as previously suggested (108, 276). Nevertheless, no intervention 

effect was found. A reason could be that the intervention intensity was quite low. We 

followed the families for five years but had only two coaching sessions per year after the first 

year in intervention, meaning we met the families on 8 occasions between 2 and 6 years of 

age. This was designed with a future implementation setting in mind, child health care 

centers, and it was thought to be possible to implement with a minimal overall change and 

cost for the health care setting (234). A similar primary prevention intervention in the same 

area, PRIMROSE, was conducted at approximately the same time, however, it did not target 

a risk group. The results from that intervention showed results similar to those we found in 

Early STOPP (115).   

It should be possible, and indeed it is crucial, to prevent obesity. Even among children with a 

high obesity risk this should be possible since research has shown that genetics only explain a 

small percentage of the variation in the populations’ weight (48). However, since obesity is a 

complex disease, it is not a simple task. Over the last decades there has been a marked and 

rapid change in individual’s lifestyle and diet following industrialization, urbanization, and 

market globalization (43). Society has shifted from homemade food to fast alternatives, more 

often higher in energy and sugar sweetened beverages are readily available, cheap and 

strongly connected to obesity in children (44, 46, 277). To be able to prevent obesity I believe 

we need to incorporate more than one arena into the intervention, possibly combining the 

health care settings with school settings and the community. For instance, the literature 

describes that, interventions in the school setting are more often created and evaluated, 

probably since most children can be targeted using this arena (84). However, it is possible 

that children and their parents as a family may be more easily targeted and reached through 

the health care system during the earliest years in life. It is then necessary that interventions 

and investments made to improve/benefit child health during this time are sequenced and 



 

42 

coordinated so that the child moves seamlessly into a similar environment created for school 

aged children. For this to be possible, health policies could, and should, be defined in political 

settlements helping to promote healthier, more affordable choices (173). This, however, 

creates a paradox where research will have a harder time statistically analyzing the results of 

such an intervention, and it would be hard to ensure that the intervention would be 

successfully delivered as planned. The latter was the case for the IDEFICS study targeting 

childhood obesity prevention in three arenas: the community, the school and, the parents 

(269, 278). None the less, research into obesity prevention needs to continue seeking new 

alternatives to reach the population besides using health promotion focusing on healthy habits 

for PA and dietary consumption.  

Findings from the Early STOPP revealed that children to parents with overweight or obesity 

developed obesity themselves to a greater extent than children to parents with normal weight. 

This confirms previous reports (279) and since children in both groups had similar weight 

status at baseline it indicates that we targeted the right children at the right time. There are 

several limitations and strengths with the Early STOPP study further discussed in section 

5.7.1.     

5.5 INTERVENTION EFFECT ON CHILD PHYSICAL ACTIVITY 

The Early STOPP intervention was not able to promote higher PA levels. These results are in 

line with previously reported interventions focusing on the same age-group (115, 280). PA 

has been reported to be affected within obesity preventions despite not affecting the primary 

outcome of weight status (281, 282). However, in general, PA interventions have shown 

limited effects on PA (81, 174, 175). Not all children need to increase their PA; children 

reaching the recommendations for PA are not the main target for an intervention. In Early 

STOPP we could not see an intervention effect on a group level, nor when studying the 

intervention effect on the least active children. The least active children were not 

overrepresented by children in the control group nor was the intervention group to a greater 

extent than the control group represented in the highest tertile. The health effects of PA in 

children, are several (79, 129, 283), and since PA among children has been shown to be 

insufficient (106, 165), there is a need to design effective interventions. If future research 

could characterize the lowest tertile it might be possible to reach them in the preschool 

setting, providing tools for the staff to focus on the right individuals possibly leading to more 

effective results for public health.   

In Early STOPP we had three different focuses in the intervention; PA, sleep, and dietary 

habits, which have been suggested as ideal (84, 112, 119, 273-275). However, the 

intervention was low intensive and therefore supposed to cover several areas in a short 

amount of time. It could then be that our “ideal” intervention ended up not being able to 

deliver in any of the areas, since none of the secondary outcomes was affected, as further 

discussed in section 5.7.1. Even so, the literature clearly states that multifactorial 

interventions are crucial for success.  
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5.6 PHYSICAL ACTIVITY AND CHILDHOOD OBESITY 

In the Early STOPP cohort, children with low SES tend to be more physically active than 

children with high SES (Study II). Nevertheless, children with low SES had higher odds for 

overweight and obesity (Study III). In additional analyses for this thesis children in the lowest 

PA-tertile had not more often overweight or obesity than children in the other tertiles. Weight 

status was never correlated to PA, neither cross-sectionally nor longitudinally nor was PA 

correlated to BMISDS. This has been shown before in six-year-old children where children 

with low SES more often developed obesity despite having higher levels of PA (203).  

So, based on this thesis material it could be argued that the level of PA does not affect the 

development of unfavorable weight status during the early childhood years. Therefore, the 

main focus for obesity prevention should not be to target PA.    

 

5.7 METHODOLOGICAL CONSIDERATIONS  

In this section methodological considerations not previously addressed are discussed in 

relation to internal and external validity.  

5.7.1 Early STOPP  

The families included in Early STOPP had a higher educational level than the average 

population and they were solely recruited from Stockholm County, the capital of Sweden, 

with a different demographic and urbanization than the rest of Sweden. An inclusion criterion 

was for the parents to be able to communicate in Swedish, which makes our sample less 

comparable to the average population in Stockholm/Sweden. The results from study I, II and 

III should be interpreted with this in mind. In study II there were differences between 

included and excluded families; included families had higher parental education and excluded 

families were more often from the high-risk group. In addition, in study III, when evaluating 

the full Early STOPP intervention, it is shown that there was a difference in educational level 

between the intervention group and the control group with a higher educational level in the 

intervention group. Hence the results from study I, II and III should be interpreted with 

caution to other populations especially with lower SES.  

In study I and II children in the intervention group were excluded to minimize the risk of a 

potential unwanted intervention effect. Despite this, study I and II should be interpreted 

keeping in mind that the children belong to an RCT and that this might affect the results. An 

RCT is considered the golden standard when evaluating interventions and treatments. 

However, participants still need to sign up for recruitment, and it has previously been 

reported that in health research individuals who already think of themselves as “healthy” are 

more prone to participate than others. This general limitation for RCTs in combination with 

our well-educated population could impact both the external and internal validity.  
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There was a problem with the recruitment in Early STOPP. The randomization was based on 

a cluster, namely child health care centers, and some of them were more effective than others 

in recruiting participants. This lead firstly to a prolonged inclusion period and secondly to an 

uneven enrolment ratio where we ended up with a 2:1 ratio instead of the planned 1:1 ratio. 

This might have resulted in a selection bias, affecting the internal validity of the study. 

However, when this was first noticed power calculations were reperformed, and the current 

sample was thought to have enough power to detect an intervention effect. In addition, Early 

STOPP was randomized based on children at age 1 but in this thesis, PA was evaluated in 

children aged 2-6, possibly not a random sample of children at that age.  

Moreover, when the inclusion was terminated and baseline data evaluated, there were 

differences between the intervention group and the control group regarding the main 

outcome, BMI z-score. This makes it more complicated to interpret group comparisons. We 

did control for the baseline measurements in our analyses, both the weight status and the 

parental education; however, these issues might still affect the results.  

There is also a need to acknowledge the intervention delivery in Early STOPP. All the 

coaches were trained in motivational interviewing prior to the study and received limited 

training during the intervention. During the intervention, mostly in the beginning, the coaches 

had a supervised session with an MI-expert. Despite this, the coherence to MI could not be 

fully fulfilled due to the intervention design, which was expected. However, to what extent 

each coach adhered to the MI-techniques or intervention protocol has not been evaluated, a 

methodological issue previously observed (284). Over time, and between coaches it is 

possible that the intervention was not delivered to the fullest as planned.       

Overall, Early STOPP was a well-designed, thorough, and ambitious study, and the 

limitations mentioned are to be considered. Nevertheless, overall, this was, apart from the 

results, a successful intervention study.   

5.7.2 Accelerometry   

In Early STOPP, PA was measured with an objective method (i.e., accelerometry) rather than 

a subjective method (e.g., reported data). However, the term objectively should be considered 

with caution since the data has afterwards been processed both in a manufacturally available 

software and by manually cleaning the data. This could have an impact on the PA data; 

however, the data was coded, and it was not possible to know to whom it belonged.     

It could be a limitation to this thesis that we have not included time in different activity 

levels. Perhaps using this would have clarified certain correlates to PA, for instance motor 

skills and SES, as previously discussed. However, even if cut-points are adapted and used to 

describe a person’s PA this comes with limitations. When studies use different devices with 

different cut-points it makes it hard to compare findings (157). This is since it collapses the 

data into categories making it impossible to relate it to another grouping set, in a different 

study (155, 163). Migueles et al compared cut-points in use and found that the prevalence of 

meeting guidelines for PA varied from 8-96% depending on the cut-points used (163). They 
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conclude that it is not possible to know the prevalence of meeting guidelines by using 

accelerometer data (163). In the guidelines for PA, it is described that high intensity (MVPA) 

is “a significant increase in heart rate and respiration”. This is highly individual and what 

activity that leads to may increase for one person yet be different from another. It is 

impossible to know from accelerometer data if the respiration increases or not (285), but most 

importantly, using the same cut-points for all measured years (age 2-6) would not be 

appropriate since the movement pattern differs majorly between these years and as 

mentioned, applying different sets would make the data incomparable (155, 163).  

However, using the VM CPM like we did in our studies also comes with limitations. Since 

different monitors and different placement sites generate different counts, it is not possible to 

compare one set of counts with another, generated from a different monitor (286). We used 

the Actigraph GT3X, which is a relatively common device (157), making it more likely to 

find studies to compare findings with.  

5.7.3 Weight status 

BMISDS could misclassify obesity since it does not consider the level of fat percentage, and 

it does not consider individual growth. However, most importantly for both BMI and 

BMISDS, height is a factor that plays a big role, which is problematic in two ways. Firstly, 

obesity influences the growth pattern, leading to an increase in height earlier than expected 

(287). Secondly a tall individual receive a falsely high BMI, whereas a short individual 

receives a falsely low BMI. Thus a tall person is more likely to be classified as having 

overweight or obesity. 

5.7.4 Statistical considerations 

It is possible that the small sample sizes across all three studies is not big enough to detect 

small differences in the outcomes, especially in study I. In study II and III, as in many 

longitudinal studies, there are large dropout numbers. Even though the used statistical 

method, LMM, has advantages in dealing with missing values, there have been indications 

that larger values of missing data could introduce potential bias in the analyses (288). 

Moreover, the power calculations performed in the beginning of Early STOPP were 

performed on prevalence of obesity. All though we have analyzed the data using this 

outcome, it has not been the only outcome of interest, and power calculations for BMISDS, 

PA, sleep, or dietary habits were not performed. Since the inclusion of participants was not 

successful, we could not meet the originally planned numbers. A renewed power estimate 

was calculated; however, it is possible that the new power could not handle the amount of 

dropout.  
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6 CONCLUSIONS 

PA among the children in Early STOPP increased continuously with age and form three years 

of age the children were more active on weekdays than on weekend days. However, these 

patterns were not equal between the least and most active children. This together with the 

finding that higher time in preschool-care suggests that PA interventions could be effective in 

the preschool setting targeting the lowest active children. Maternal PA was a correlate of 

importance for child PA. If an increased maternal PA can lead to an incerase in child PA 

should be further investigated. 

Early STOPP, a targeted obesity prevention intervention with a long-term and 

multicomponent design was not effective in preventing obesity among children at high risk 

for the disease. It was also ineffective in the secondary aim, promoting and increasing PA. 

Overall, child PA was not affecting weight development nor were children with 

overweight/obesity less active than their normal weight peers. Results from this thesis 

indicates that obesity during early childhood is not affected by PA.  
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7 FUTURE PERSPECTIVE 

The knowledge of PA during early childhood is constantly increasing and objective measures 

to capture PA as well as SB and sleep in the youngest children are more reliable now than 

previously. Future research should study the 24-hour movement patterns to further increase 

the understanding of how PA, SB and sleep co-varies and what factors that may affect a 

young child’s everyday movement. Also, this thesis studied several potential correlates to PA 

but mostly within the “Demographic/Biological” domain. Future research should continue 

studying potential correlates in other domains as well as study the potential genetical impact 

on PA. Also, characterizing the lowest active children should be prioritized since these 

children are not only the least active but also distinguishes them from the other children in 

PA patterns.  

Obesity is a worldwide epidemic that needs to be tackled by society, both by searching for 

effective treatment options and by preventing the disease in our children. Up until now 

prevention interventions have been ineffective. The future needs to seek new alternatives, 

widen the interventions and not solely try to prevent this complex disease by promoting PA 

and dietary habits.  
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