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Abstract 

Background: Physical activity (PA) is decreasing in the transition from childhood to 

adolescence. Despite the growing body of school-based interventions counteracting lack of 

PA, reports reveal no increase in PA-level among Norwegian children from 2005 to present 

day. The relationship between urban and rural location regarding PA in children has attracted 

attention in several countries. However, the research is inconsistent. To our knowledge, 

similar studies have not been conducted in Norwegian school children. Purpose: Our aim was 

to investigate the relationship between rural and urban schools in regards to Norwegian school 

children`s moderate-to-vigorous PA (MVPA) - level during daily activity and in physical 

education (PE). The secondary aim was to investigate the relationship between residence in 

regards to children`s cardiorespiratory fitness (CRF) and (a) MVPA-level in PE, and (b) 

MVPA-level during daily activity. Method: 68 Norwegian 7th graders in urban (n = 45) and 

rural (n = 23) districts participated in a cross-sectional pilot study. PA was measured using 

SenseWear armband (SW), and CRF was measured using cardiopulmonary exercise testing 

(CPET). Results: Regarding residence, no between group-differences were found in average 

MVPA during daily activity (AvgMVPA) (p = .697). Rural children possessed higher peak 

oxygen uptake (VO2peak) than urban children (p = .023). Both Moderate (p = .033) and High 

AvgMVPA-group (p = .069) displayed higher MVPA-level in PE than Low AvgMVPA-

group. Finally, Moderate (p < .001) and High AvgMVPA-group (p < .001) possessed higher 

VO2peak than Low AvgMVPA-group. Conclusion: The results demonstrates no difference in 

AvgMVPA between urban and rural school children. However, rural children possessed a 

higher VO2peak than urban children. Both Moderate and High AvgMVPA-group displayed 

higher MVPA in PE and VO2peak than Low AvgMVPA-group. These findings contribute to 

the understanding of whether interventions targeting only a single factor to increase overall 

PA among children, are the optimal solution or not.  

 

Keywords: Physical activity, physical education, residence, school children, accelerometer,  

cardiorespiratory fitness. 
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Relevance  

The majority of studies counteracting lack of PA among children are school-based. However, 

reports reveal no increase in PA-levels among children from 2005 to present day. The present 

study emphasizes the importance of increased awareness around the optimal setting(s) to 

increase PA among children and adolescents. Accordingly, contributing to knowledge 

regarding Norwegian school children`s lack of PA, which can be important for future public 

health initiatives to influence PA.  
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Abbreviations   

AvgMVPA   Average moderate – to – vigorous physical activity during daily activity 

BIA   Bioelectrical impedance analysis 

BP   Blood pressure 

CPET   Cardiopulmonary Exercise Test 

CRF   Cardiorespiratory fitness 

CVD   Cardiovascular disease 

DLW   Double-labelled water 

EE    Energy expenditure 

HR   Heart rate 

ISO-BMI  Age and sex adjusted body mass index 

MET   Metabolic equivalent 

MVPA   Moderate – to – vigorous physical activity 

PA   Physical activity 

PE    Physical education 

SB   Sedentary behaviour 

VO2max  Maximum oxygen uptake  

VO2peak  Peak oxygen uptake 

WC   Waist circumference 
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1.0 Introduction 

Childhood obesity has increased substantially since post-2000 and has become a global 

pandemic (1–5). If this increase continues, childhood to adolescence obesity is expected to 

surpass the prevalence of underweight by 2022 (1). Even though the prevalence of child 

obesity is potentially reaching a plateau, it remains alarmingly high and may be a future 

burden to health services (1,6,7). As a counter measure to this development, efficient 

evidence-based approaches are needed (8).  

 Obesity is a complex condition affected by factors such as: biological, social, 

environmental, behavioural and economic factors, ultimately leading to an unfortunate body 

composition (9,10). Fundamentally, obesity is caused by an imbalance between energy intake 

and expenditure (11). However, dietary data reports no increase in energy intake in recent 

years, and assume the increased weight is caused by a lack of physical activity (PA) (12).  

PA is an important factor in children’s physical growth, social and mental 

development (13), and may prevent future lifestyle diseases such as cardiovascular disease 

(CVD) (14). PA is also one of the main determinants of cardiorespiratory fitness (CRF). 

Further, CRF is seen as a strong predictor of CVD, also among children. Noteworthy, the 

association between CRF and CVD seems to be stronger in children with low CRF, which in 

turn emphasizes the importance of improving CRF levels through PA (15,16). Thus, it is of 

concern that studies report a decrease in PA-level in the transition from childhood to 

adolescence, whereas some may not fulfil the recommended amount of 60 minutes of 

moderate-to-vigorous PA (MVPA) daily (13,17).  

Counteracting the lack of PA among children, numerous studies have attempted to 

identify successful interventions, whereas most are school-based (18–25). The role of physical 

education (PE) in promoting health-enhancing PA in schools is well established (26,27). 

However, some studies suggest that schools, as a single factor in counteracting lack of PA 

among children, may not be the optimal setting. Importantly, interventions including a multi-

stakeholder approach is now receiving increasing recognition internationally and seems to be 

slightly more successful than those addressing only a single factor (28,29). Although PE in 

schools provides a potential opportunity for increasing children’s overall PA-level, there is 

limited information available comparing children`s average MVPA during daily activity 

(AvgMVPA) with MVPA-level in PE. Thus, a better approach may be to investigate whether 

PE in school is the optimal setting to increase overall PA among children or not.  
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Addressing the environmental factor associated with childhood obesity, research 

investigating the relationship between urban and rural locations and PA has attracted attention 

in several countries (30–32). However, the findings are inconsistent (30–32). A potential 

mechanism behind the differences in PA-level between urban and rural locations may be the 

physical environmental factors. Access to sports facilities and programmes and time spent 

outside seem to be consistently associated with children`s PA (33). To our knowledge, similar 

studies regarding geographical location have not been conducted in Norwegian school 

children.  

 

1.1 Objective and hypothesis  

Our aim was to investigate the relationship between rural and urban schools in regards to 

Norwegian school children`s MVPA-level during daily activity and in PE. The secondary aim 

was to investigate the relationship between residence in regards to children`s CRF and (a) 

MVPA-level in PE, and (b) MVPA-level during daily activity.  

 Primarily, we hypothesized that children with high levels of AvgMVPA would have 

higher levels of MVPA in PE compared to the least active children. Additionally, it would be 

expected that urban school children have higher level of MVPA and CRF than rural school 

children. Secondarily, we hypothesized that it would exist a linear relationship between CRF 

and (a) MVPA-level in PE, and (b) MVPA-level during daily activity.   
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2.0 Theoretical Background   

2.1 Definition and principles of physical activity  

The World Health Organization defines PA as any bodily movement produced by skeletal 

muscles that requires energy expenditure (EE), whereas physical inactivity is a lack of PA 

(34). PA is a wide term including several subcategories such as play, exercise, PE, outdoor 

life and leisure activities. PA can be measured by frequency, duration and intensity, which 

define the volume of PA (35). Furthermore, studies often express PA as MVPA, possibly due 

to the strong association to cardiometabolic risk factors in youth regardless of time spent 

sedentary (36). To express intensity of PA, metabolic equivalent (MET) is commonly used. 1 

MET is calculated as 1 kcal/kg/hour - corresponding to the energy cost of sitting quietly (37). 

METs cut-off values used in the present study are presented in Table 1 on the basis of 

previous literature (38,39) with examples of activities performed by intensity level (40,41).  

 

Table 1. METs cut-off values with examples of activities performed by intensity level 

Sedentary  

(Up to 1.5 METs) 

Light  

(1.5 -4.3 METs) 

Moderate  

(4.3-7.0 METs) 

Vigorous  

(7.0-9.0 METs) 

Very Vigorous  

 (9.0 METs and higher) 

Watching TV 

Playing video games 

Sitting on a chair 

Reading a book 

Walking (3-5 km/h) 

Bowling 

Fishing 

Snowmobiling 

Brisk walking (7 km/h) 

Volleyball 

Light calisthenics 

Hiking  

Jogging (9 km/h) 

Trail biking 

Water-skiing  

Bicycle ergometer at 

vigorous pace 

Running at a high pace 

Rowing at a high pace 

Ice hockey 

Soccer 

 

MET; Metabolic equivalent (38–41) 

 

2.2 Physical activity recommendation and level of physical activity in children 

Pleasurable activities during childhood and adolescence lay the foundation for lifelong joy of 

movement. The Norwegian Directorate of Health recommend children and adolescents to 

engage in PA for at least 60 minutes a day. The activity should be of at least moderate 

intensity and include a variety of exercises. At least three times a week, the activity should be 

of high intensity and include activities that increase muscle strength. Prolonged sedentary 

behaviour (SB) should be minimized and replaced with active breaks (42,43).   

 Several surveys have been published investigating Norwegian children and youths 

activity levels (17,44–46). UngKan is a descriptive study in Norway where the objective is to 

identify PA habits among children and adolescents. Findings shows that boys tend to be more 

active than girls, especially in activities with moderate to hard intensity. A comparison of 

UngKan1 -, 2 - and 3 revealed a slight decline in the odds for satisfying the recommendations 



 
 

4 

for PA among 9-year olds. Among 15-year-olds, there was no significant difference in the 

percentage of those who satisfied the recommendations for PA between 2005 and 2018 (17). 

Furthermore, numbers show that significantly more normal-weighted children satisfied the 

recommendations for PA compared with obese children (47). Figure 1 presents how many of 

the 6-, 9- and 15-year-olds fulfilled the recommended of at least ≥ 60 minutes of MVPA per 

day in 2005, 2011 and 2018 (17).  

 

 
Figure 1. Percentage share (%) of girls and boys in the three age groups who met the recommendation of ≥60 

minutes of moderate-to-vigorous PA per day in 2005, 2011 and 2018 (6-year-olds were not included in the first 

survey in 2005) (n = 8863). Error bars represent 95 % confidence interval. *The boys in 2018 were significantly 

different from the boys in 2005 (p= .013). (Borrowed with permission from Steene-Johannessen et al. 2019 (17)) 

 

 

2.3 Physical activity, sedentary behaviour and health  

While childhood obesity is increasing worldwide (1–5), the rate of PA among children and 

adolescents is declining with increased age (17) . According to the energy balance equation, 

there is evidence suggesting that obesity is highly associated with inactivity. Current 

knowledge demonstrate that PA has a protective effect on adiposity among children (48), 

along with numerous other health benefits (49,50). To achieve all the health benefits an active 

lifestyle results in; PA must be conducted regularly throughout life (51). High levels of SB, on 

the other hand, have negative outcomes on health (52–54). Hence, it is of concern that 

Norwegian 6-year-olds spend about 50 % of their day sedentary. Corresponding numbers for 

9 and 15-year-olds are 60 and 70 % (55). Figure 2 illustrates the positive and negative 

consequences of SB and PA, respectively (56,57). 
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Figure 2. Positive and negative consequences of sedentary behaviour and physical activity, respectively (56,57) 

 

2.4 Schools and physical activity 

The huge number of school-based interventions may be explained by the accessibility to 

children and adolescents, large amount of time spent at school and the central role of health in 

PE (19). However, the Norwegian PE-curriculum currently adopted in schools seems to be 

most suited for those mastering the field best, and thus not affecting the children who 

primarily need to increase their PA-level. Accordingly, the content of current PE include 

extensive use of ball games. This seems to have a negative impact on the well-being of some 

children. Furthermore, current Norwegian PE-curriculum has about the same number of hours 

as existed in 1959, despite the fact that children’s PA-level has significantly reduced (12). 

However, the Norwegian Parliament recently submitted a proposal to Government seeking to 

secure at least one hour of PA per day within teaching hours for every school child enrolled 

between 1st and 10th grade. The Government approved the proposal, however did not allocate 

funds, allowing one hour of daily PA during school-hours as a goal rather than a demand (23). 

Even though PE is the perfect arena to engage all children to be physically active, studies 

report low levels of MVPA among children during PE (58–60). It is also shown that the PA-

level in PE increases among children if the academic competence in PA, health and lifestyle is 

high among teachers (61).  

 
 
 
 
 
 
 
 
 
  

SEDENTARY 
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ACTIVITY 
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cardiorespiratory – 

and muscular fitness 

Improved bone 
health 

Improved 
mental health 

Better self-esteem 
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Reduced bone health 
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diabetes type 2 

Poor prosocial 
behaviour, depression, 
reduced quality of life 

Reduced academic 
achievement  
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respiratory difficulties  
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2.5 Urban and rural built environment 

Urbanization has been highlighted as a factor that influences PA, SB and CRF in youth (62). 

PA, SB and CRF is determined by several factors, most notably the environment. 

Environmental exposure might determine lifestyle behaviour such as eating habits, access to 

sport facilities and opportunities for PA (63). Available data relating residence to PA, SB and 

CRF indicate somewhat variable results. Due to potential confounders including cultural and 

social differences, climate and methods of assessment, it is difficult to generalize geographic 

variations in PA, SB and CRF across countries (64).  

 

2.6 Measurement of physical activity 

There are some challenges in assessing PA among children and adolescents, mainly due to 

their sporadic activity pattern (65,66). Thus, it is important that measuring tools produce 

accurate results. The measuring tool has to measure what it is supposed to measure (valid) and 

produce similar results with repeated measurements (reliable). An additional aspect that is 

important in the assessment of PA is feasibility. Feasibility refers to costs and skills required 

for using the devices, reactivity issues, tolerance of the device and amount of missing data 

(67). Several techniques have been used to assess and measure PA in children and 

adolescents, with the use of each method having its advantages and disadvantages (66). 

Generally each method used to  measure PA is divided into two different categories; 

subjective and objective measurements (68).  

 

2.6.1 Subjective measurement 

In epidemiological studies the most readily used methods for measuring PA, are subjective. 

The reasoning behind using subjective methods is often contributed to the low cost and ease at 

which they can be administered. Subjective survey techniques can be classified into four 

categories: self-report questionnaires, interviewer-assisted questionnaires, proxy-report 

questionnaires and diaries. Self-reported questionnaires are the most commonly used method 

in epidemiological studies to estimate PA among older children and adolescents. They are low 

in cost, have a relatively low participant burden, ease of administration and have the ability to 

record type of activity and the context in which PA is performed. However, this method is 

problematic as younger children may have difficulties in correctly interpreting questions and 

accurately recalling their PA (69,70). Thus, caution should be taken due to probability of bias, 

impaired memory and under and over estimation of PA due to different factors (complexity of 

the questionnaire, social desirability, seasonal variation, age, length of period surveyed) (71).  
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2.6.2 Objective measurement  

Objective methods are the optimal technique for assessing amount and intensity of PA and SB 

among children and adolescents, as they are less likely to produce biased measures. Reilly et 

al. (2008) reported in their review that children have a tendency to over-report their PA using 

subjective measurements, and thus concluded that assessment of interventions aimed at PA - 

and SB change should use objective methods (72). Objective methods to measure PA include 

direct and indirect calorimetry, direct observation, double labelled water (DLW), heart rate 

monitors, pedometers and accelerometers (66). DLW is considered as the “gold standard” of 

appointing EE, due to the high accuracy of measurements. However, DLW is costly and time-

consuming, and does not give any information about duration or intensity of PA (71). 

Alternatively, the accelerometer has been proven to be a valid and reliable instrument in 

assessing of PA in children (73). Accelerometers estimate intensity, duration, frequency and 

respond to alteration in velocity in different axes (74). Usually accelerometers are 

distinguished between two type of monitors; uniaxial (one axis) and multiple axis (two or 

three axis). When children is measured by an accelerometer, it is recommended that the 

device is small, has high reliability and ability to store as much time-resolved information as 

possible for the desired monitoring period. Additionally, it should be suited a child`s range of 

movement for beneficial measure of acceleration (73). Although Actigraph is the most 

commonly used accelerometer in assessment of PA (75), SW has been recognized as a 

feasible instrument in children. SW contains a triaxial accelerometer and sensors measuring 

near-body ambient temperature, speed, skin temperature, galvanic skin response and heat flux. 

Along with characteristics such as gender, age, weight, height, smoking status and right or left 

handedness; total steps walked, SB, intensity in METs, total EE in kcal·day-1 and activity EE 

in kcal·day-1 can be estimated (76). Regarding the recommended minimum days of 

measurement, a monitoring period of 7 days is considered the “gold standard” for estimating 

PA and SB (77).  
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2.7 Measurement of cardiorespiratory fitness 

The international reference standard for estimating CRF is maximal oxygen uptake (VO2max) 

(78,79). It was defined by Hill et al. (1923) (80,81), and is expressed by Fick`s equation: 

“𝑂𝑥𝑦𝑔𝑒𝑛 𝑢𝑝𝑡𝑎𝑘 =  (𝑠𝑡𝑟𝑜𝑘𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 ×  ℎ𝑒𝑎𝑟𝑡 𝑟𝑎𝑡𝑒 (𝐻𝑅)) × (𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑜𝑥𝑦𝑔𝑒𝑛 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 −

𝑚𝑖𝑥𝑒𝑑 𝑣𝑒𝑛𝑜𝑢𝑠 𝑜𝑥𝑦𝑔𝑒𝑛 𝑐𝑜𝑛𝑡𝑒𝑛𝑡)” (82). VO2max is a product of the capability to extract and 

utilize oxygen from ambient air into the capillaries of the lungs, as well as the body`s 

capability to transport oxygen-rich blood through the vascular system, and thereafter into the 

muscles (83). The body`s ability to consume oxygen has a physiological upper limit, 

visualized as no further increase in oxygen uptake despite increased load (speed/incline) (79). 

There are several limiting factors for VO2max; central factors such as maximal cardiac output, 

pulmonary diffusing capacity, oxygen-carrying capacity of the blood, and peripheral factors 

such as skeletal muscle characteristics (84). Cardiopulmonary exercise testing (CPET) is seen 

as an important clinical tool to evaluate CRF and predict outcomes in patients with CVD. It is 

also used for objective determination of functional capacity and impairment, as well as 

evaluating undiagnosed exercise intolerance. CPET measures the capability of the skeletal 

and cardiopulmonary system (cardiovascular and respiratory system) to respond to an increase 

in the metabolic demands of the body (82,85), involving measurements of carbon dioxide 

production, respiratory oxygen uptake and ventilatory measures (82).  
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3.0 Material and Methods  

3.1 Subjects  

68 Norwegian 7th-graders (mean age: 12.1 years old) from Trondheim and surrounding areas 

were included in the present study. The subjects were divided into two groups, urban (n = 45) 

and rural location (n = 23). The children were recruited through flyers, where selected schools 

were asked to attend a research project via email. Representative schools were thereafter 

presented with a brief introduction about the project by the research team, initially informing 

the school faculty staff and thereafter the school children. At this point, school children and 

teachers had the opportunity to ask questions to research members about the project. 

Information sheets, one for the parents (Appendix 1) and one for the children (Appendix 2), 

were handed out, as well as written informed consent; approved by the Regional Committees 

for Medical and Health Research Ethics (2018/950, Appendix 3). The deadline to hand in 

their written consent was set to approximately one week after handout. Exclusion criteria was 

pulmonary diseases involving severe/poorly controlled asthma, diabetes, smoking, 

neurological/orthopaedic limitations according to exercise, history of seizures or epilepsy, 

steroid medications, diagnosed attention deficit hypersensitivity disorder, kidney failure (self-

reported), major organ transplants, family history of hypertrophic obstructive 

cardiomyopathy, congenital cardiac abnormalities, elevated blood pressure (> 95th  percentile 

for systolic/diastolic values), abnormality during resting or stress echocardiography (unsafe to 

participate) and coronary heart disease. A total of 8 participants withdrew during the study 

due to personal reasons. 

 

3.1.1 Residence classification 

Residence was classified using previous literature, and defined based on density of 

population. Urban areas were defined as; including at least 50 000 inhabitants in contiguous 

local living areas with more than 500 inhabitants per square kilometre. Rural areas were 

defined as thinly populated areas with less than 50 000 inhabitants in the contiguous local 

living areas with less than 100 inhabitants per square kilometre (86).  
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3.2 Study design  

The study is a cross-sectional pilot study. The data were collected from early January to late 

March 2019, and took place at St. Olav Hospital and respective schools. CPET, blood 

pressure (BP), bioelectrical impedance analysis (BIA), height and weight were measured at 

Next Move´s exercise lab - localized at St. Olav Hospital. Blood samples and waist 

circumference (WC) were conducted at the respective schools. Identical medical equipment 

was used to avoid methodological errors. SenseWear armband (SW) were handed out at 

respective school, worn by participants for a 7-day period and collected by the research team 

upon completion. HEVAS questionnaires were handed out, predominantly after CPET 

measurements, and picked up by the research team at the respective schools thereafter. The 

parents/guardians were given access to a booking system created in Google Docs. Here they 

could make an appointment to Next Move`s exercise lab by filling in their child`s ID at the 

best suitable timepoint.   

 

 

Figure 3. Flow chart of study design 
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3.3 Data collection  

3.3.1 SenseWear accelerometer  

The primary outcome measure was PA objectively measured using SW accelerometer 

(BodyMedia Inc., Pittsburgh, PA, USA). The pupils were asked to wear the SW around the 

dominant arm (over the triceps muscle) with the two lights pointing down for a 7-day period 

(24 hours a day), excluding during water-activity (showering, swimming). Use of SW was 

supported with written instructions (Appendix 4).    

 

         

Figure 4. Illustration of placement of SW accelerometer  

 

3.3.2 Bioelectrical impedance analysis  

Body composition was measured using a multi-frequency BIA (Inbody 720, Biospace CO, 

Ltd, Seoul, Korea). BIA measures body composition by dividing the body into trunk, lower 

and upper extremities. The device predicts extra and intracellular water content, which is used 

to estimate body composition. In advance, the participants were asked to fast for at least 12 

hours (apart from drinking water) prior to measurements. In addition, they were instructed to 

avoid PA the day preceding test-day. The subjects were encouraged to go to the toilet if 

required before measurements. Furthermore, subjects were instructed to remove any objects 

containing metal (watches, jewellery, belts, wallet, mobile phone) before standing barefoot on 

the BIA. When entering the aperture, the subject was instructed to maintain an upright 

position, avoiding contact between trunk and upper extremities. Talking during measurement 

was not permitted in order to obtain a normal breathing pattern.   
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Figure 5. Illustration of posture during measurements using BIA  

 

3.3.3 Anthropometric measurements   

Height was measured without shoes using a stadiometer (Nearest 0.1 cm). Body weight was 

measured using BIA with light clothing (Nearest 0.1 kg). Age and sex adjusted body mass 

index (ISO-BMI) was calculated using the international standard (87). WC was measured 

using a measuring tape between the lowest palpable rib and iliac crest (Nearest 0.5 cm).  

 

 

Figure 6. Illustration of the waist circumference measuring procedure (88) 
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3.3.4 Cardiopulmonary exercise testing  

Exercise capacity was measured using CPET, which estimates VO2max. The test was 

performed on a treadmill (Woodway USA Inc., Waukesha, WI, USA), using an 

ergospirometry system with a mixing chamber (Metalyzer II, CORTEX Biophysik GmbH, 

Leipzig, Germany) to measure oxygen uptake. Volume calibration was performed for each 

test (3L Calibration Syringe, Hans Rudolph, Lenexa, USA) and gas calibration was performed 

before the testing began with ambient air (0.03 CO2, 20.93 O2) and calibration gas (5% CO2 

and 15% O2) (HIQ Center, AGA A/S, Oslo, Norway). Every 6th test the sample line was 

changed and calibration repeated. Barometric pressure was read off on the weather station. To 

measure HR, a Polar H7 HR transmitter (Polar Electro, Kempele, Finland) was used. 5 beats 

were added to the HR achieved at VO2max or peak, and set as the subject’s maximal HR (89). 

Prior to the test, each participant was informed about the procedure, including Rated 

Perceived Exertion, Borg scale (90). The test started with 2 minutes of rest with the mask on, 

to check the levels of oxygen uptake. As a warm-up and to familiarize with the subject, two 

submaximal tests consisting of 4 minutes each were completed according to a standardized 

load (4km • h-1, and 0 and 4% inclination respectively). Thereafter, the VO2max-test began, 

following an individualized protocol; incline and/or speed were increased 2% or 1 km • h-1 

after each minute. Borg scale was noted after each submaximal test and at the end of the max-

test. Similarly, HR was noted after 2 minutes of rest, after each submaximal tests and max-

test. Also, respiratory exchange ratio; which describes the ratio of carbon dioxide expired and 

oxygen inspired, were documented immediately after the max-test. Furthermore, a stopwatch 

was started at the end of the test to measure 1-minute heart rate recovery. The 3 continuously 

highest measurements determined the VO2max, shown as a plateau in consumption of oxygen 

despite increased work rate. To classify a value as VO2max; Respiratory exchange ratio ≥ 

1.05, Breathing frequency > 40 and Rated Perceived Exertion above 17/20 on the Borg scale 

were required. If not met, VO2peak was used (91).  
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Figure 7. Illustration of CPET measurements  

 

3.3.5 HEVAS Questionnaire   

The participants were handed a standardized questionnaire (92) involving questions regarding 

PA, recreational activities, subjective health and well-being, and social health (Appendix 5). 

The pupils filled out questionnaires anonymously and under the supervision of their parents.   

 

3.3.6 Blood samples  

Fasting glucose, cholesterol, triglyceride and high-density lipoprotein cholesterol were 

collected from each participant at the respective schools following 12 hours of fasting. The 

vacutainers were kept in room temperature for 30 minutes, before being centrifuged for 10 

minutes at 1500 G. Prior to the blood test (30 minutes), all subjects was asked if they wanted 

a local anaesthetic plaster.  

 

3.3.7 Blood pressure  

BP was measured with a Diacore Criticare 506N-2 (Criticare Systems Inc., Waukesha, WI, 

USA). Before measurements, each participant was asked to sit down for approximately 10 

minutes. Measurements were conducted 3 times, with 1 minute between each measurement; 

all at the dominant arm. An extra measurement was completed if the value of the two last 

measurements differed with > 15 % (systolic or diastolic). The standing value was calculated 

from the mean BP of the two last measurements. During the BP-measurements participants 

were instructed to be quiet. Furthermore, the display of the apparatus was pointing away from 

the participant in order to avoid possible disturbance that could affect the results.   
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Figure 8. Illustration of subject`s posture during blood pressure measurements 

 

3.4 Statistics   

Statistical Package for the Social Sciences 25 (SPSS) (IBM Corp., Armonk, New York, USA) 

was used in performing statistical analyses, as well as graphical illustrations. Data are 

presented as mean   standard deviations, unless otherwise stated. Significance level was set at 

α = 0.05. Normal distribution was examined by Shapiro-Wilk test and visually through 

inspection of Quantile-Quantile Plot. Independent sample t-test were ran in order to 

investigate if there was a statistical significant mean difference between rural and urban 

school children regarding AvgMVPA, anthropometrics, body composition, blood samples and 

BP. Scatter plot were ran in order to evaluate the linearity between AvgMVPA and MVPA-

level in PE. Data from SW were thereafter stratified into three groups in accordance with their 

AvgMVPA. The cut-off was set at the > 25th, 25th – 75th and < 75th percentile. The standing 

value was labelled as: Low AvgMVPA, Moderate AvgMVPA and High AvgMVPA, 

respectively. Two-way ANOVA and LSD post-hoc tests were ran in order to conduct the 

interaction effect between residence and AvgMVPA on MVPA-level in PE, as well as 

between-group differences. Levene's Test of Equal Variances was used to check the 

homogeneity of variance. Pearson`s correlation was ran in order to assess the relationship 

between AvgMVPA and VO2 peak. Due to non-normal distributed values, the non-parametric 

Spearman correlation test was ran to conduct the relationship between MVPA in PE and VO2 

peak.   
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4.0 Results  

4.1 Subject characteristics  

Subject characteristics are presented in Table 2.  

 

Data presented as mean  standard deviation, mean difference (95%) and p-value. AvgMVPA; average 

moderate-to-vigorous physical activity during daily activity, ISO-BMI; Age and sex adjusted body mass index, 

HDL-C; high-density lipoprotein cholesterol 

 

 

 

Table 2. Subject characteristics      

 Urban (n = 23) Rural (n = 20) Mean Difference (95 %) P-value  

SW     

AvgMVPA 2:30:26  1:08:12 2:31:57  1:11:43 -0:44:39 to 0:41:37 .994 

 Urban (n = 45) Rural (n = 23) Mean Difference (95 %) P-value 

Anthropometric variables     

Height (cm) 158  7.1 160.5  7.5 -6.21 to 1.22 .185 

Weight (kg) 49  9.4 49.8  8.5 -5.52 to 3.98 .748 

ISO-BMI (kg/m2) 19.5  3.2 19.2  2.8 -1.26 to 1.85 .706 

Waist circumference (cm) 66  8.2 66.4  5.9 -4.26 to 3.43 .831 

Body composition      

Muscle mass (kg) 20.5  3.3 21.6  3.2 -2.75 to 0.63 .215 

Body fat  (kg) 10.9  6.5 9.7  5 -1.96 to 4.23 .468 

Body fat (%) 21.1  8.6 18.9  7.2 -1.97 to 6.41 .294 

 Urban (n = 39) Rural (n = 22) Mean Difference (95 %) P-value 

Blood variables     

Cholesterol (mmol • L-1) 4.23  0.70 3.93  0.66 -0.07 to 0.66 .115 

Triglyceride (mmol • L-1) 0.64  0.25 0.85  0.54  -0.42 to -0.01 .040 

HDL-C (mmol • L-1) 1.64  0.37 1.53  0.35 -0.08 to 0.31 .234 

Fasting glucose (mmol • L-1) 5.2  0.9 4.9  0.3 -0.16 to 0.67 .230 

 Urban (n = 45) Rural (n = 22) Mean Difference (95 %) P-value 

Blood pressure     

Systolic blood pressure (mmHg) 111  9 115  8 -9.18 to 0.62 .086 

Diastolic blood pressure (mmHg) 69  6 73  8  -7.64 to -0.36 .032 

Mean arterial pressure (mmHg) 83  7 86  8 -7.10 to 0.72 .108 
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4.2 Children`s MVPA-level during daily activity and in physical education 

4.2.1 Relationship between MVPA-level during daily activity and in physical education 

Presented in Figure 9, we found no linear relationship between AvgMVPA and MVPA in PE, 

but displayed a tendency towards linearity (p = .058). 

 

 

Figure 9. Relationship between average moderate-to-vigorous physical activity during daily activity 

(AvgMVPA) and MVPA possessed in physical education (PE) 

 

4.2.2 Differences between MVPA-level during daily activity and in physical education 

Participating schools differed in their PE-schedule, and mean PE time was 67 minutes. The 

total of children used in average 39 minutes of PE in MVPA. Low AvgMVPA-group 

possessed in average 26 minutes of PE in MVPA. Corresponding numbers for Moderate 

AvgMVPA-group and High AvgMVPA-group were 45 and 42 minutes, respectively. We 

found no significant interaction between residence and AvgMVPA-groups on MVPA-level in 

PE  (p = .153). No significant differences in level of MVPA in PE were detected between 

urban and rural school children (p = .697). Thus, further results will be discussed without 

interaction. With respect to MVPA-level in PE, there was a significant difference in MVPA-

level between the AvgMVPA-groups ( p = .033) (Figure 10). Post-hoc analysis revealed that 

Moderate AvgMVPA-group possessed a significantly higher level of MVPA in PE than Low 
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AvgMVPA-group (p = .011, 95 % CI [0:04:38, 0:32:50]). Additionally, a trend indicates that 

High AvgMVPA-group possessed a 66.7 % higher level of MVPA in PE than Low 

AvgMVPA-group (p = .069, 95 % CI [- 0:01:18, 0:32:36]). No significant differences were 

detected between Moderate AvgMVPA-group and High AvgMVPA-group (p = .682, 95 % CI 

[- 0:12:06, 0:18:16]).  

 

 

Figure 10. Comparison of average moderate–to–vigorous physical activity during daily activity (AvgMVPA) 

and MVPA-level in physical education (PE) among Norwegian school children. Data are presented as mean  95 

% confidence interval. AvgMVPA was stratified in groups. * Statistically significant difference between 

Moderate AvgMVPA and Low AvgMVPA (p = .011) 

 

4.3 Cardiorespiratory fitness 

There was no significant correlation between VO2peak and MVPA-level in PE (r = .242, p = 

.143). Furthermore, there was a strong correlation between VO2peak and AvgMVPA (r = 

.590, p < .001) as illustrated in Figure 11. AvgMVPA accounted for 34.8 % of the variability 

in VO2peak values (r2 = 0.348).  
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Figure 11. Linear relationship between average moderate – to – vigorous physical activity during daily activity 

(AvgMVPA) and peak oxygen consumption (VO2peak) 

 

A Two-way ANOVA showed no significant interaction between residence and AvgMVPA-

groups on VO2peak (p = .192). Thus, further analyses are being discussed without interaction. 

However, there was a significant between-groups difference in VO2peak among AvgMVPA-

groups (p < .001) (Figure 12).  Post-hoc analysis showed that High AvgMVPA-group had 

significantly higher VO2peak than Low AvgMVPA-group (p = .000, 95 % CI [7.66, 20.64]). 

Accordingly, Moderate AvgMVPA-group possessed a higher VO2peak than Low AvgMVPA-

group (p = .000, 95 % CI [6.12, 16.53]). No statistical significant differences were detected 

between the Moderate AvgMVPA-group and High AvgMVPA-group (p = .330, 95 % CI [-

8.62, 2.97]). Furthermore, a significant between-group difference in VO2peak was detected 

between residences (p = .023). Post-hoc analysis showed that rural school children possessed 

a significantly higher level of VO2peak in average than urban school children (p = .023, 95 % 

CI [.830, 10.39]). Rural school children had a mean VO2peak at 53.33 mL/min/kg , while 

corresponding numbers for urban school children were 47.72 mL/min/kg. 
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Figure 12. Comparison of average moderate–to–vigorous physical activity during daily activity (AvgMVPA) 

and peak oxygen consumption (VO2peak) among Norwegian school children. Data are presented as mean  95 % 

confidence interval. AvgMVPA was stratified in groups.   outlier 

 

4.4 HEVAS  

An overview of selected questions from HEVAS questionnaire is presented in Table 3.  

 
Table 3. Numbers from selected questions retrieved from HEVAS questionnaire.  

 Urban (n = 44) Rural (n = 23) 

Participate in sports Yes 36 (81.8) 19 (82.6) 

No 8 (18.2) 4 (17.4) 

Transport to school  By walking/bike 43 (97.7) 17 (73.9) 

 Bus 0 (0) 5 (21.7) 

 Car 1 (2.3) 1 (4.4) 

Transport from school  By walking/bike 44 (100) 17 (73.9) 

 Bus 0 (0) 6 (26.1) 

 Car 0 (0) 0 (0) 

Distance to school  < 5 minutes 9 (20.5) 0 (0) 

 5-15 minutes 23 (52.3) 8 (34.8) 

 15 – 30 minutes 11 (25) 15 (65.2) 

 30 – 60 minutes 1 (2.2) 0 (0) 

 > 60 minutes 0 (0) 0 (0) 

Living conditions House 11 (25) 21(91.3) 

 Row house 28 (63.6) 1 (4.4) 

 Apartment 1 (11.4) 1 (4.4) 

Data is presented as numbers (percent %) 
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5.0 Discussion 

Our aim was to investigate the relationship between rural and urban schools in regards to 

Norwegian school children`s MVPA-level during daily activity and in PE. The main findings 

of the present study included no significant interaction between residence and AvgMVPA-

groups on MVPA-level in PE (p = .153) and no significant between-group differences among 

urban and rural school children in level of MVPA in PE (p = .697). Furthermore, Moderate 

AvgMVPA-group possessed a significantly higher level of MVPA in PE than Low 

AvgMVPA-group (p = .011). Additionally, a trend indicated that High AvgMVPA-group 

possessed a 66.7 % higher level of MVPA in PE than Low AvgMVPA-group (p = .069). No 

significant differences were found between Moderate AvgMVPA and High AvgMVPA  

(p = .682).  

 

5.1 Children`s MVPA-level during daily activity and in physical education 

5.1.1 Relationship between MVPA-level during daily activity and in physical education  

As previous stated in our hypothesis, we expected a linear relationship between AvgMVPA 

and MVPA in PE. However, our results displayed no significant linearity between AvgMVPA 

and MVPA in PE, but showed a clear trend. These findings are inconsistent with a previous 

study conducted by Cheung (2019), finding children to engage in a comparable proportion of 

MVPA during PE time and after-school hours (58). Several outliers below the regression line 

in the linearity analysis between AvgMVPA and MVPA in PE was assumed to affect our 

interpretation of data. For children with elevated levels of AvgMVPA, they show an 

unexpected low MVPA-level in PE. An increased sample size could be beneficial for a trend 

towards linearity. It was noted that the study subject who deviated from the regression line 

were registered as less active than normal due to not feeling well during PE on experimental 

day. Also, PE content could have conflicted with personal interests of study subjects on that 

certain day. Moreover, studies have speculated whether children compensate by being less 

active in one domain if they increase their PA in another domain. This theory is called “The 

ActivityStat hypothesis” (93). Frémeaux, Mallam, Metcalf, Hosking, Voss and Wilkin (2011) 

wanted to explore “The ActivityStat hypothesis” in British primary school children. They 

found that children actually do compensate in such a way that more activity at one time is met 

with less activity at another (94), which support the theory.  
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5.1.2 Difference between MVPA-level during daily activity and in physical education 

With respect to MVPA-level in PE, no significant interaction was found between residence 

and AvgMVPA on MVPA-level in PE. Accordingly, no significant between-group 

differences were found among urban and rural school children in level of MVPA in PE, which 

is inconsistent with our hypothesis. Moore, Brinkley, Crawford, Evenson and Brownson 

(2013) on the other hand, found in their study that urban children had a higher objectively 

measured MVPA than their rural counterpart (30). However, studies investigating rural and 

urban differences in PA are inconsistent (30–32), and one must be careful in comparing 

results to past studies. Since there are no recommendations for which cut-off values are 

preferred when measuring PA-level in children (95), it is difficult to compare results across 

studies. Fan, Wen and Kowaleski-Jones (2014) reported the importance regarding utilization 

of different methods. Finding urban residents to be more physically active than rural residents 

when PA was measured objectively. Using subjective measurement on the other hand, found 

rural residents to be more physically active than urban residents (32). This partly explains 

why previous studies on urban and rural PA-differences are conflicting.  

Further, our results indicate that Moderate AvgMVPA-group possessed a slightly 

higher level of MVPA in PE than High AvgMVPA-group. However, the difference was not 

statistically significant. We would expect High AvgMVPA-group to be more active than 

Moderate AvgMVPA-group. Illustrated in Figure 10, the confidence interval for the High 

AvgMVPA-group is wide, which tells us that the dispersion is high and the conclusion is less 

certain. Most likely this is due to the small sample size, whereas a larger sample may have 

displayed different results, and we could have been more confident about the results. The 

major finding in the present study is the significant difference in level of MVPA in PE 

between Moderate AvgMVPA-group and Low AvgMVPA-group. Moderate AvgMVPA-

group possessed a 74.4 % higher level of MVPA in PE than Low AvgMVPA-group. 

Furthermore, High AvgMVPA possessed a 63.8 % higher level of MVPA in PE than Low 

AvgMVPA-group. This difference was not statistically significant, but showed a clear trend. 

These results partly support our hypothesis that children who possess most MVPA on daily 

basis also have a higher level of MVPA in PE. Hence, we can question if the Norwegian 

Parliaments proposal to the Government requesting to secure at least one hour of PA a day for 

school children enrolled in 1st to 10th grade, is necessary? Further, if increased PE in schools 

is the best solution to increase PA-level among those who actually need to be more physically 

active? To supplement our findings; we know that previous research have found children`s 

activity level to not meet the recommended amount of PA (17), whereas the majority of 
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children`s PA is done during school-hours (96). Despite the growing body of school-based 

interventions (20–24), reports reveal no increase in PA-level among Norwegian children from 

2005 to present day (17). In sum, our findings support the idea of a multi-stakeholder 

approach rather than studies addressing only a single factor such as school-based 

interventions (28,29).  

PE lessons have been demonstrated as the perfect arena to engage all children to be 

physically active. The U.S. Department of Health and Human Services have recommended 

children to engage in MVPA for at least 50 % of the time they spend in PE lesson (97). Still, 

previous studies have reported students to engage in MVPA less than 50 % of PE lesson (58–

60). MVPA-level during PE lessons in our findings shows that 58.2 % of the PE in average is 

spent in MVPA, thus, a contrast to previous findings. Our results indicate that Low 

AvgMVPA-group only spent 38.8 % of PE in MVPA, which is less than the recommended 

threshold. Corresponding numbers for Moderate and High AvgMVPA-group were 67.2 % and 

62.7 %, respectively. These findings show us that those children who are considered as least 

active on daily basis, also report lower level of MVPA during PE, while both Moderate and 

High AvgMVPA-group represent a larger portion of PE in MVPA. MVPA-level in PE could 

be affected by several factors. As mentioned earlier, studies indicate that the PA-level in PE 

increases among children if the academic competence in PA, health and lifestyle is high 

among the teachers (61). Thus, it is of concern that a report from Statistics Norway indicate 

that only 27 % of the teachers in 5th to 7th grade have professional competence (≥  60 units) in 

PE (61). Accordingly, the content of PE could influence MVPA-level; the subject, mode of 

delivery, lesson context, class size, space and availability of equipment (12,60,98). Future 

studies should aim to investigate the relationship between professional competence in PE 

among teachers and MVPA-level during PE.  
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5.2 Cardiorespiratory fitness  

CRF is mainly determined by PA-level (15,16). Thus, not surprisingly our results revealed a 

strong correlation between VO2peak and AvgMVPA which support our hypothesis. Both High 

and Moderate AvgMVPA-group possessed a significantly higher VO2peak than Low 

AvgMVPA-group. Furthermore, a significant between-group difference in VO2peak was 

detected between residences. Findings indicate that rural school children possessed a higher 

VO2peak than urban school children, albeit our results showed no difference in AvgMVPA 

between the groups. Originally we expected a significantly higher AvgMVPA-level among 

rural school children compared to urban school children. Gutin, Yin, Humphries and Barbeau 

(2005) found in their study that adolescents who engaged in large amounts of vigorous PA 

tended to have better CRF than those who did not, while moderate PA did explain a 

significant but smaller proportion of the variance in CRF (16). Thus, a possible explanation 

based on our result could be that rural school children had higher levels of vigorous PA than 

urban school children, hence, higher VO2peak. It is assumed that VO2peak reflects a more 

accurate picture of average PA-level among urban and rural school children than SW-

measurements in our study. Since repeated measurements have not been done in our study, 

the likelihood of type-2 error in SW-data is significant. Hence, based on VO2peak-

measurements we can assume rural school children to be more physically active than their 

urban counterpart.  

 

5.3 Urban and rural built environment  

The built environment describes the land use, design features and transportation system 

providing opportunities for travel and PA. This includes structures such as homes, schools, 

public spaces and parks, transportation and walkability, as well as population density, 

commuting distance and activity provision (99).  

Previous research has found transport to and from school as an important segment of 

the day where children can engage in PA (100). In many rural districts, active transport to and 

from schools could be difficult due to the long travel distance (99). Sluijs et al. (2009) found 

that children who regularly choose an active transport to school are more active during the 

week than those travelling by car (100). In our results, almost 100 % of the urban school 

children walked and/or biked to and from school. Among the rural school children 73.9 % 
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walked and/or biked to and from school, while 26.1 % travelled by bus or car. Yet, there is no 

difference between AvgMVPA between urban and rural school children in our results. What 

Sluijs et al. (2009) did not take into consideration were the possible confounders affecting 

their data. Children who chose an active travel to school, may also have been more active 

through participation in sports. While children who travelled by car were in general less active 

as they were not fond of being physically active. As mentioned earlier we could assume that 

rural school children are more physically active than urban school children based on 

VO2peak-measurements. Also, even though a higher percentage of urban school children 

walked and/or biked to and from school in comparison to rural school children, the distance to 

and from school could have possibly been a decisive factor. A higher percentage of the rural 

school children had a longer distance to travel to school than the urban school children. It is 

important to note that even though a larger proportion of the rural school children reported to 

have a longer distance to school, it was not of our knowledge how many of those children 

actually had an active transport to school or not. Regardless, the distance to and from school 

could be an underlying cause of a higher level of PA.  

The home environment, as well as surrounding neighbourhood could have an 

important potential impact on PA. This includes accessibility to play areas, traffic danger, 

yards, sporting venues or recreation facilities (99,101). Our results indicate that 91.3 % of the 

rural school children lived in a single family house, while the corresponding numbers for 

urban school children were 25 %. Among the urban school children 63.3 % lived in a row 

house, compared with only 4.4 % of the rural school children. Basing PA-level on VO2peak-

measurements, we could assume that generally rural school children had more activity 

opportunities outside their house with larger yards or a forest nearby. Additionally, the 

distance to nearby living friends could have been further for rural school children than for 

urban school children, leading to a possible assumption of an increased amount of active 

transport. Furthermore, even though the highest proportion of urban school children lived in a 

row house, there may have been a wide range of recreational facilities nearby. In general, the 

urban environment is known to have an infrastructure more emphasized for increasing active 

transport and average PA. This includes sidewalks, bike lanes, parks and playgrounds (99). 

With this knowledge in mind, our results seemed unaffected to this extent.   

Type of sport could also influence the VO2peak - results (102). Individuals 

participating in endurance sports tend to have an average higher VO2max than individuals 
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participating in team sports such as soccer (103). A greater percentage share amongst both 

urban and rural school children attended organized sports, 81.8 % and 82.6 % respectively. 

Thus, a possible cause to the difference in measured VO2peak could be the type of sports the 

subjects attended, assuming a possible higher participating share in endurance sports such as 

cross-country skiing, cycling and orienteering among the rural children in comparison to the 

urban children. Since we do not have knowledge of which types of sports the children 

attended, we are unable to draw any conclusion.  

To our knowledge, no research has been conducted investigating urban and rural built 

environments in regards to PA among Norwegian children. Investigating the importance of 

built environment could assist in understanding the lack of PA among children and 

adolescents and aid in informing future public health initiatives to influence PA.  

 

5.4 Study limitations 

The present study used a cross-sectional design, which could challenge the investigation of 

making causal inferences because it is only able to capture a snapshot of the reality. Thus, the 

use of alternative time frame could have yielded different results; e.g. seasonal changes. The 

current pilot study has shown to be highly sensible to extreme measurements because limited 

sample size might influence the opportunity to draw any clear conclusions. Accordingly, there 

was a lack of heterogeneity in the study subjects in regard to ethnicity, which limits the 

generalisability of our findings across countries. A dropout rate of 11.8 % could be assumed 

crucial when the sample size was considered low. This could have affected the data in a way 

that children with low activity level chose not to participate in the study, which may have 

contributed to higher AvgMVPA. Albeit, with 68 enrolled participants in the study, we 

retrieved SW-data from only 43 participants, which is considered as a limitation by the 

author. The reason behind this is lack of time due to a delay in approval of the project from 

Regional Committees for Medical and Health Research Ethics and poor access to equipment.  

Moreover, accelerometer measures have certain limitations. Since SW is not water-

resistant, activities such as swimming could not be recorded. Additionally, SW cannot 

distinguish whether a person is carrying any weight or not, or record activities such as cycling 

(32,104).  Furthermore, self-reported measures through HEVAS questionnaire may be biased; 

e.g. incorrectly interpretation of the questions or under/overestimation of distance to and from 

school. Finally, we did not consider other types of school-based PA such as recess and lunch 

breaks, which could be considered as a limitation.  
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5.5 Conclusion 

The present study demonstrates that there is no difference in objectively measured AvgMVPA 

between urban and rural school children. However, a significant difference was detected 

between residences in VO2peak, favouring rural school children. Since accelerometer 

measurements were not repeated several times, it is assumed that CPET-measurements draw a 

more accurate picture of the differences in PA-level between urban and rural school children. 

Furthermore, Moderate AvgMVPA-group possessed a significantly higher level of MVPA in 

PE than Low AvgMVPA-groups. Additionally, High AvgMVPA-group possessed a 66.7 % 

higher level of MVPA in PE than the Low AvgMVPA-group. The difference was not 

statistically significant, but showed a clear trend. Not surprisingly, our results also showed a 

strong correlation between VO2peak and AvgMVPA. Both High and Moderate AvgMVPA-

group possessed a significantly higher VO2peak than Low AvgMVPA-group. These results 

contribute to the understanding of whether schools as a single factor to counteract the lack of 

PA among children, is the optimal solution or not. PA seems to be a complex behaviour 

affected by multiple factors, and more research is necessary to determine the most effective 

intervention. A multifaceted approach focusing on implementations around school, family, 

and community could provide a more meaningful contribution and may be a better solution to 

increase PA-level.  
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