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ABSTRACT 

BACKGROUND: A physically active lifestyle is beneficial for good health. Despite this, it 

seems that many people are not sufficiently active. Attempts to promote the population 

levels of physical activity have not been successful. This has led researchers to find new 

ways to tackle the problem. Ecological models place more emphasis on the physical 

environment’s potential influence on physical activity behaviour than other behavioural 

models do, but a greater understanding of the effect of the environment on physical 

activity is needed.   

AIMS: This thesis examined; 1) adherence to the current physical activity guidelines in 

Sweden and how different sociodemographic factors influence the adherence, 2) the test-

retest reliability of an instrument aimed at assessing the perception of the neighbourhood 

environment, 3) the association between neighbourhood environmental factors and Health 

Enhancing Physical Activity (HEPA), and 4) the effect of a major environmental change 

on population levels of physical activity. 

METHODS: During 2003, a nationally representative sample of Swedish adults 

completed the International Physical Activity Questionnaire (IPAQ) to which questions 

related to sociodemographic factors and the neighbourhood environment had been added. 

This was repeated in 2006 while a trial of a congestion road tax was ongoing in Stockholm.   

RESULTS: Overall, 63 % of the Swedish adults adhered to the physical activity 

recommendations. Large differences between sociodemographic groups were observed. 

The environmental module showed good test-retest reliability, with intra-class correlations 

ranging from 0.36 regarding questions of a subjective nature to 0.98 for questions of an 

objective nature, with minor differences in reliability seen between the genders. Walking 

was positively associated with the degree of urbanisation while HEPA was negatively 

associated with it. Those living in Stockholm during the congestion road tax increased 

their physical activity at moderate intensity and their HEPA and reduced their time spent 

sitting. No difference in levels of physical activity or sitting between those exposed and the 

comparison group during the trial was observed. 

CONCLUSIONS:  The large variation in physical activity among different demographic 

groups in the population indicates the need for broad approaches to promote physical 

activity. The divergent association between the degree of urbanisation, walking and HEPA 

illustrates the importance of assessing overall physical activity as well as different subsets of 

physical activity. In accordance with theories of the ecological model, a major 

environmental change influenced the physical activity behaviour of an exposed population.  
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SAMMANFATTNING 

BAKGRUND: En fysiskt aktiv livsföring är värdefull för en god hälsa. Trots detta tycks 

många inte vara tillräcklig aktiva. Försök att främja befolkningens aktivitet har genomförts, 

dock utan att någon positiv långtidseffekt har uppnåtts. Detta har föranlett forskare att 

söka nya sätt att angripa problemet. I de ekologiska modellerna betonas jämfört med andra 

beteendemodeller vikten av den omgivande fysiska miljön och dess möjligheter att inverka 

på aktiviteten jämfört med andra modeller. Mer och bättre information om miljöns 

inverkan på fysisk aktivitet är dock nödvändigt. 

MÅLSÄTTNINGAR: Denna avhandling har undersökt; 1) hur stor andel av Sveriges 

befolkning som följer rekommendationerna för fysisk aktivitet samt hur olika 

sociodemografiska faktorer påverkar följsamheten, 2) upprepbarheten av ett instrument 

som skattar den subjektiva uppfattningen om närmiljön, 3) sambandet mellan faktorer i 

närmiljön och hälsofrämjande fysisk aktivitet (HEPA), och 4) vilken inverkan en större 

ändring i miljön inverkar på befolkningens fysiska aktivitetsnivå. 

METODER: Under 2003 fick ett nationellt representativt urval av den vuxna svenska 

befolkningen besvara en enkät med International Physical Activity Questionnaire (IPAQ), 

till vilken frågor om sociodemografiska faktorer och om närmiljön hade lagts till. Detta 

upprepades 2006 när ett försök med en trängselskatt genomfördes i Stockholm. 

RESULTAT: Totalt klassificerades 63 % av Sveriges vuxna befolkning som fysisk aktiva i 

enlighet med rekommendationerna. Variationen mellan olika befolkningsgrupper var stor. 

Miljömodulens upprepbarhet, mätt med intraklass korrelation, varierade från 0.36 för 

frågor av mer subjektiv art till 0.98 för frågor av mera objektiv natur, med liten variation 

mellan könen. Promenader hade ett positivt samband med graden av urbanisering medan 

HEPA hade ett negativt samband. De som bodde i Stockholm under perioden för 

trängselskatten ökade sin fysiska aktivitet på måttlig intensitet och HEPA samt minskade 

tiden sittande medan ingen skillnad kunde uppmätas i kontrollgruppen. Ingen skillnad i 

fysisk aktivitetsnivå mellan de som bodde i Stockholm och kontrollgruppen under försöket 

med trängselskatt observerades.  

SLUTSATSER: Den stora variationen i fysisk aktivitet mellan olika befolkningsgrupper 

talar för vikten av en bred ansats till främjandet av fysisk aktivitet. Skillnaden i sambandet 

mellan graden av urbanisering, promenader och HEPA illustrerar vikten av att mäta flera 

delaspekter av fysisk aktivitet såväl som total fysisk aktivitet. I enlighet med teorier grundat 

i ekologiska modeller gav en förändring i miljön effekt på befolkningens fysiska aktivitets 

beteende. 
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1 BACKGROUND 
 

 
1.1  PHYSICAL ACTIVITY AND RELATED CONCEPTS 

  

Physical activity is defined as any bodily movement done by skeletal muscles that results in 

energy expenditure 1. There are several concepts used synonymously and often confused 

with physical activity, distinct differences exist between them. The term exercise refers to a 

subset of physical activity where planned, structured and repetitive bodily movements are 

done to improve or maintain one or more components of physical fitness. Physical fitness in 

turn is a set of attributes that relates to the ability to perform physical activity, such as 

aerobic fitness, muscular strength, flexibility or body composition.  

 

Central to understanding the role of physical activity in health promotion is that a person 

can improve health by being physically active without improving physical fitness. This kind 

of thinking has coined the expression Health Enhancing Physical Activity (HEPA). HEPA 

takes a broader view of physical activity than exercise alone and acknowledges the health 

effects of everyday activities, for example occupational related physical activity and tasks 

and chores in and around the house2. There is no uniform definition of physical inactivity or 

sedentary behaviour. Scholars generally consider physical inactivity as a relative lack of 

physical activity, e.g. not meeting the physical activity guidelines 3. 

 

 

1.2  PHYSICAL ACTIVITY AND HEALTH 

 
Modern physical activity research began in the 1950s with the studies by Morris and 

colleagues on bus drivers and conductors 4 5. Since then, evidence from numerous 

epidemiological studies have shown that physically active subjects has a lower risk of many 

diseases for example cardiovascular disease, stroke, diabetes mellitus type II, certain forms 

of cancer, and also some mental illnesses and premature death 6-11.  

 

The relationship between physical activity and health is dose dependent 12-14. Most studies 

examining the dose-response relationship show a curvilinear association between physical 

activity and health (Figure 1). This means that the greatest health benefits are made when 

an inactive person becomes active 9.  
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Figure 1 The dose-response relationship between health and physical activity. 
 

The dose of physical activity is the product of the intensity, duration and frequency of 

physical activity. Of these the intensity is perhaps the most difficult to quantify under free 

living conditions. It refers to the rate of energy expenditure and can be described in several 

different ways, from very exact to more general. The intensity of physical activity can be 

described in absolute terms which refer to the actual oxygen cost for a given workload. 

The absolute oxygen cost can also be expressed in terms relative to an individual’s 

characteristics (e.g. gender, age or weigh etc.) or relative to an individual’s maximal oxygen 

consumption capacity (Table 1).   

 
Table 1 A comparison of different methods to classify the intensity.  

 

 

 

 

 

 

 

a HRmax is a percentage of the maximum heart rate.  
b VO2max is a percentage of the maximum oxygen consumption.  
c MET is the metabolic energy turnover. 
d Borg is a subjective scale, Ratings of perceived exertion, ranging from 6 to 20 which 
roughly correspond to the range of heart rate in a young individual. 

 Intensity  

HRmaxa VO2maxb METc Borgd Classification 

< 60 % < 50 % < 3 > 11 Low 

60 – 80 % 50 – 75 % 3 – 6 12 – 14 Moderate 

> 80 % > 75 % > 6 > 15 Vigorous 
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The duration of the activity refers to the length of time for which the activity has been 

performed (e.g. 30 minutes). The frequency is how often the activity is done (e.g. three 

times a week). Other terms that are sometimes used to describe physical activity are the 

mode and continuity of physical activity. The mode of physical activity is basically what has 

been done (e.g. walking, jogging playing tennis, raking leaves), while continuity is for how 

long the activity has been performed (e.g. I have been jogging three times a week for the 

last three years).  

 

The relationship between physical activity and health is complex  6. Two paths potentially 

contribute to the relationship between regular physical activity and health (Figure 2). 

Genetics and other factors such as lifestyle in general, personal attributes, social 

environment and physical environment play important roles in the relationship. These 

factors are often called correlates of physical activity and they are important to understand 

and identify in order to design and implement physical activity interventions for the correct 

group in society 15 16. On average, and in most people, regular physical activity at a certain 

dose will increase health-related fitness even if large individual differences exist 17 18.  

 

HEREDITY

PHYSICAL ACTIVITY
• Leisure
• Occupational
• Transport

• Other chores

HEALTH RELATED FITNESS
• Morphological
• Muscular
• Motor

• Cardio respiratory
• Metabolic

HEALTH
•Wellness
• Morbidity
• Mortality

OTHER FACTORS
• Lifestyle behaviour
• Personal attributes
• Physical environment

• Social environment
 

Figure 2 The Toronto model of the relationship between physical activity, physical fitness 

and health 6. 
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1.3  PHYSICAL ACTIVITY GUIDELINES  

 
The earliest physical activity guidelines were focused on improving the fitness of an 

individual. The National Board of Health and Welfare in Sweden (as the first national 

authority) stated already in 1971 that individuals should: “Do moderate physical activity daily, in 

combination with more intense exercise two to three times per week“ 19. It was not until the joint 

guidelines from the American College of Sports Medicine and the Centers for Disease 

Control and Prevention in 1995 20 and a report from the Surgeon General 8 were issued 

that the focus shifted to a broader perspective of physical activity. They recommended all 

healthy adults to do 30 minutes of at least moderate intensity physical activity on most, 

preferably all, days of the week. Those 30 minutes could be accumulated in several bouts 

of at least 10 minutes duration. They also stated that doing more physical activity would 

lead to additional health benefits. A few years later, essentially the same guidelines were 

adapted in Sweden and recommended to the public 7.   

 

In October 2008, the latest US guidelines were launched which stated: “Do as much physical 

activity in any way you like to accumulate a minimum of 150 minutes per week. More physical activity will 

lead to additional health benefits.” The guidelines have also been diversified in that they 

recommend slightly different amounts of physical activity for adults, older adults, pregnant 

or post-partum women and children 21.  

 

 

1.4  ASSESSMENT OF PHYSICAL ACTIVITY  

 
Physical activity is a complex behaviour that has been proven difficult to measure, both in 

day-to-day life and over extended periods of time 22. Given the associations with health, 

the activity is normally assessed in terms of intensity, frequency and duration. 

Furthermore, the activity can take place in several different domains; at home, during 

transport, at work or during leisure time. The complexity of physical activity is immense 

and, ideally, an instrument which aims to assess physical activity should be able to capture 

all dimensions of physical activity in all domains. To date, there is no single method that 

can do that. Instead different approaches, often used in combination, are available (Figure 

3). 
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 Figure 3 A schematic description of different approaches to assess physical activity 23.  

 

1.4.1 Physical activity energy expenditure 

Several different methods to assess physical activity energy expenditure exist, ranging from 

methods with a very high precision such as room calorimetry to those with very low, such 

as instruments based on self-reported physical activity.  

 

For the assessment of physical activity energy expenditure outside the laboratory setting 

the doubly labelled water method is the golden standard 24. Doubly labelled water is a 

method in which the individual drinks a dose of water, which has been labelled by stabile 

hydrogen and oxygen isotopes (2H2
18O). The rates by which these isotopes are eliminated 

have shown to correspond greatly with physical activity energy expenditure. Apart from 

being an expensive method and therefore not well suited for population-based studies, the 

only information which it provides with regard to physical activity behaviour is the total 

dose i.e. the overall energy expenditure. For a more detailed picture, instruments are 

needed that can assess the intensity, duration and frequency of physical activity. 

 

1.4.2 Physical activity behaviour 

Two conceptually different methods to assess physical activity behaviour exist. These can 

be classified as subjective or objective measurements. The subjective methods include 

different kinds of self-reports such as questionnaires, diaries, interviews etc. The most 

commonly used method in population-based surveys is a questionnaire. Objective 

methods of assessing physical activity include heart rate monitors, accelerometers and 
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pedometers. Due to recent technological advances the objective methods are gaining more 

and more acceptance as a feasible option for population-based surveys 25 26. 

 

Subjective methods 

Asking subjects to self-report their physical activity has for a long time been the preferred 

method for assessing physical activity. This can be done with the use of detailed physical 

activity log books or diaries, or with simple questions such as “How often do you exercise in 

your leisure time?”. They are often used in epidemiological studies because they are easy to 

administer and cost-effective 27. Self-report methods are also very appealing because they 

can provide a whole range of different variables, such as domain-specific physical activity, 

in a detailed manner which other more technically sophisticated instruments cannot 

provide.  

 

It seems that subjects can remember fairly accurately structured and vigorous intensity 

physical activity they have performed but that light and moderate activities are not as easily 

remembered, which may lead to recall bias 28. Other factors that can lead to bias are 

differences in, for example, cultural, social and educational background. Because few 

instruments have been developed and tested in different populations little is known about 

those effects on physical activity reporting 29 30.  

 

Another factor that may influence reporting is social desirability. Social desirability is when 

the respondents want to show themselves in a more favourable light, but this has not been 

shown to be a major issue in physical activity research 29 30. Another of the main limitations 

of using self-reports is the risk of misclassification. If only a question such as “How often do 

you exercise in your leisure time?” is used, a person that performs heavy manual labour, and 

does a lot of physical activity during work but nothing during leisure time, may be 

classified as inactive, while a subject with a sedentary desk job who exercises once or twice 

a week may be classified as active. Although in reality it may very well be the person with 

the heavy manual labour that is doing more physical activity. Including questions on 

physical activity in all domains have proven to increase the accuracy of self-reports 31. 

Lastly, it is not clear which physiological response self-reports are measuring. A validation 

study comparing self-report with aerobic fitness showed a weak, albeit significant, 

association 32.  
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In 1998, a group of physical activity researchers, on the initiative of, above all, our own 

group, from many disciplines and countries got together to try and solve many of the 

problems with the instruments that existed at that time. The meeting took place in the 

WHO headquarters in Geneva. The aim of the meeting was to develop a standardised 

questionnaire that assessed all dimensions (walking, moderate and vigorous) of physical 

activity in all domains. Furthermore, the aim was to develop an instrument that could be 

used in many different cultural settings. The group proposed the International Physical 

Activity Questionnaire (IPAQ). Originally two versions, based on a recall of the last seven 

days or recall of a usual week, were developed and both were also developed in a long 

format and a short format. After an international 12 country validation study (that included 

Sweden) the IPAQ group recommended the use of the last seven day recall, for both the 

long and short version 33. The IPAQ is today one of the most tested and widely used 

methods in the world. 

 

Objective methods 

The two most commonly used objective instruments for assessing physical activity are 

pedometers and accelerometers. They are similar in their technological approach and share 

a lot of their limitations.  

 

Pedometers are simple and cheap devices that can easily be used in field studies. If they are 

of high quality they have been proven to be a valid and reliable method to assess 

ambulatory movement 34 35. Less precision is found for estimating distance travelled and 

energy expenditure 36. Cheaper versions are not recommended for use in research 37. One 

of the prior limitations of pedometers is that they were unable to measure intensity, 

duration and frequency of physical activity; they only provided a volume measure, i.e. the 

number of steps a person has accumulated throughout a day. The modern versions have 

more advanced functions and they have become more similar to accelerometers.  

 

Accelerometry is a valid and reliable method 38-41 that detects bodily movement in one, two 

or three orthogonal axes. A detailed picture of the physical activity intensity, frequency and 

duration over extended periods of time can be obtained and analysed which makes them 

attractive to physical activity research. For more information about accelerometer 

technology in general, see a review by Chen and Basset 42.  
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1.5  PREVALENCE AND SOCIODEMOGRAPHIC CORRELATES  

 
A few studies have investigated how much exercise the general Swedish population in 

performs during their leisure time 43-47. Statistics Sweden performed one of the earliest 

investigations in 1976, which was repeated in 1983 and 1991 and reported in 1993 47. 

They showed that the number of persons that performed regular exercise (a minimum of 

two times a week) was around 35 %, with a positive trend seen from 1976 to 1991. In 

the Public Health Report from 2001 45, around 46 % were that active, evidence of a 

continued positive trend. In the Public Health Report from 2005 46, the figure was 43 %, 

which may indicate a slight decline in the number of persons performing regular 

exercise.  

 

Compared to other European populations, Swedes are participating in organized 

activities or being active during leisure time more than most other European countries 44. 

The limitation of these studies is that they have all used subjective methods and are 

limited to a single global domain question (i.e. “How often do you exercise in your leisure 

time?”).  Thus, the risk of misclassification is high and the information provided is 

limited. Hagströmer et al investigated adherence to the physical activity guidelines using 

accelerometry 25. They found that, depending on which criteria were used, the adherence 

to “30 minutes of at least moderate intensity physical activity” ranged from around 50 % 

(if all active minutes were included) to only 1 % (if the time had to be accumulated in at 

least three 10 minute bouts).  

 

There are sociodemographic differences among those who report exercising two times a 

week or more in the population; a person with higher education reports more exercise 

than someone with lower education 43 45-47. A person born in Sweden is more likely to 

report doing more exercise than a person born outside Sweden 45 46. As people age, they 

report less exercise 45 48. Those with low Body Mass Index (BMI) report more exercise 

compared to those with a high BMI 49 50. Persons with a good self-reported health status 

are more likely to report  more exercise compared to those with poor self-reported 

health 43. These results are analogous to those of similar international studies 44 51 52. 

Hagströmer et al also observed a negative association between age, BMI and physical 

activity, however the variation in the data were large and the explained variance were less 

than 5 % for both age and BMI 25. 
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1.6  ECOLOGICAL MODEL OF PHYSICAL ACTIVITY  

 
Several different ecological models of physical activity behaviour have been proposed 53 54. 

They have in common a focus on individual influences as well as on social and 

environmental factors that may facilitate or inhibit individual behaviour (Figure 4). 

Ecological models posit that multiple levels of influence determine physical activity 

behaviour. The different levels can be broadly categorised into intra-individual factors and 

extra-individual factors. The intra-individual factors might include individual attributes, 

beliefs, attitudes and behaviours. The extra-individual factors may include physical 

environment, social and cultural contexts, and policy factors. This explicit emphasis on 

physical environmental factors as potential influences of physical activity in a multi-level 

causal chain is the key feature of ecological models as applied to physical activity 55.  The 

ecological models state that the physical environment has a direct association with physical 

activity independently of individual characteristics (e.g. age gender). In other words, merely 

living in a more supportive neighbourhood will lead to higher levels of physical activity. In 

case of a poor fit between the individuals and the environment, e.g. an unsupportive 

physical activity environment, it is the environment that should be changed. This means 

that the effect of an environmental change on individual level of physical activity is likely 

to be small, but the effect may be large on population level due to the large number of 

individuals targeted.  

Physical 

Environment 

Physical 

Activity

Social 

environment

Individual 

factors

 

 

Figure 4 One illustration of an ecological model (Pekka Oja, personal communication). 
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1.7  ASSESSING THE PHYSICAL ENVIRONMENT 

 
1.7.1 Geographical Information Systems 

Geographical Information Systems (GIS) are computer based systems that are used to 

collect, store, analyse and present geographical information. They work by giving any 

physical feature a code which represents a position in space either by a vector system or by 

a raster system. This is called geocoding 56. The feature could be a fast-food restaurant 

(which has an address and can be geocoded), a street (or rather a combination of many 

positions), a location where a crime took place, the area of green space in a neighbourhood 

etc. The amount of information which can be stored is endless. By integrating GIS 

information with, for example, information about an individual’s place of residence and 

the amount of physical activity that person has performed, one can analyse the influence of 

the particular environmental features of interest. Simple versions of GIS are available 

online, for example www.hitta.se or www.eniro.se. GIS are making their way into physical 

activity research, but to date the number of physical activity studies utilizing GIS is limited.  

 

1.7.2 Auditing the physical environment 

Another objective method of assessing the physical environment, in the sense that the 

respondent is not rating their own neighbourhood, is auditing. Auditing works by having 

trained observers going out and rating, for example, a neighbourhood according to a 

number of items believed to be associated with physical activity 57 58. Auditing has been 

proven to have both good intra- as well as inter-observer reliability. The limitations of 

using auditing are that it is a time- and resource-consuming method. It is also difficult to 

cover an area larger than a few neighbourhoods or a city using auditing but the advantage 

is that the quality of the physical environment can be assessed.  

 

1.7.3 Subjective methods 

To date most studies investigating the influence of the physical environment on physical 

activity have mainly used subjective measures of the environment 59. Normally the 

respondent is asked to rate his or her perception of the environment according to a 

Lickert-scale (agree to disagree) 60-62. The respondent is often asked to approximate the 

distance (in minutes) it takes for him/her to walk to the nearest shop (or other facility). A 

method that has demonstrated to have a very high accuracy and reliability to subjectively 

assess route distances during physically active transport is to draw the travelled route on a 

map. The route is then measured, by the researcher, using a digital curvimetric distance-

measuring device 63.   
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1.8  CORRELATES OF THE PHYSICAL ENVIRONMENT 

 
The physical environment is a term that encompasses such diverse concepts as: urban 

form, land use, the transportation system, recreational resources, and green space 64 65. 

Many features of the physical environment have been shown to correlate to physical 

activity. However, a recent review concluded that almost 75 % of all studies on the 

relationship between the physical environment and physical activity were conducted in the 

USA and Australia. This limits the variability of possible environmental features identified 

as being related to physical activity 59.  

 

Several studies have investigated how neighbourhood walkability is associated with 

physical activity. Walkability is a composite index, developed in the USA, and is used to 

describe the environment’s supportive nature for walking 66. A neighbourhood with high 

walkability has a mixture of single-family and multiple-family residences, which is 

consistent with higher residential density, whereas a low-walkability neighbourhood has 

predominantly single-family homes. A high-walkability neighbourhood has mixed land use 

(restaurants, grocery or convenience stores, and other small retail stores) within the 

neighbourhood, whereas a low-walkability neighbourhood has mostly residential and only 

a small commercial area on the neighbourhood periphery. A high-walkability 

neighbourhood has a mostly grid like street pattern indicating a greater street connectivity. 

A low walkability neighbourhood has longer block lengths, a mixture of grid like and 

curvilinear street patterns, and more cul-de-sacs 66. 

 

Studies that have investigated the association between the degree of walkability and 

physical activity have mostly found a positive association. The more walkable a 

neighbourhood is, the more physically active its residents are 66-68.  

 

Another important correlate of physical activity is the aesthetic qualities of the 

neighbourhood. It has been shown that subjects who perceive their neighbourhood as 

aesthetically pleasing are also those that report being physically active. Exactly what it is in 

the environment that subjects perceive as aesthetically pleasing is somewhat difficult to 

understand since “beauty is in the eye of the beholder”. Mitchell and Popham categorised 

the entire English population younger than retirement age (n > 40 000 000) into groups on 

the basis of income deprivation and exposure to green space. They found that those living 

in the greenest areas also had the lowest levels of health inequality related to income 

deprivation 69. There are also studies showing a positive link between the amount of green 
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space and physical activity. It may be that green space in the form of parks, green areas etc. 

may be beneficial for physical activity. Also, in Sweden, a positive association between 

access to the natural environment and physical activity have been identified 70. However, 

the link between green space, physical activity and health has recently been questioned. In 

Belgium, Maas and colleagues investigated if the positive link between the green space in 

the neighbourhood and health was due to higher levels of physical activity 71. This was not 

the case and it appears that green space is an independent factor that may be beneficial for 

health without any links to physical activity.  

 

Intuitively, traffic intensity should affect physical activity behaviour but on examination of 

the scientific evidence the results are inconclusive 59 72 73. It seems like traffic may have 

some influence on transportation-related physical activity, but that doesn’t mean that it has 

an effect on HEPA. Subjects that are very active at work or who do a lot of leisure time 

physical activity at the gym or other physical activity facility may not be influenced at all by 

traffic, while it may hamper a subject’s ability to use active transport (walking, cycling). 

Traffic and transport-related physical activity is an important area for future research. It 

offers large opportunities for modifications in order to facilitate safe routes to and from 

work/school, to reduce the dependence on cars, creating both a more environmental 

friendly society and a healthier one. 

 

Feeling safe from crime is another commonly investigated environmental factor. It has 

been shown that feeling unsafe in one’s neighbourhood may reduce walking 74. In general, 

crime and fear of crime have shown inconsistent associations with physical activity 73 75, 

and better measures may be required to clarify the impact of crime on total health 

enhancing physical activity. It may be that crime or fear of crime only affects particular 

physical activity behaviours such as walking for recreation, while it has a limited effect on 

other physical activity behaviours 75.  

 

Other environmental factors may affect physical activity. For example climate (coast versus 

inland) 76, local topography (hilly versus flat terrain) 77, season (summer versus winter) 78 79, 

weather and other ecological factors all have been shown to exert an influence on physical 

activity. These factors can be considered as non-modifiable and are therefore of limited 

interest, but they may play a role in explaining results between studies.  
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2 THIS THESIS  
 
2.1  RELEVANCE 

 
The development of the IPAQ makes it possible to collect information about HEPA at 

several intensity levels (walking, moderate and vigorous) and across several domains (at 

home, at work, during transportation and during leisure time) 33. Given the paradigm shift 

towards HEPA and the relatively recent development of instruments such as the IPAQ, a 

paucity of information regarding the association between HEPA and sociodemographic 

factors exists. In order to tailor physical activity interventions this association needs to be 

investigated. Therefore, this thesis will investigate the association between HEPA 

and sociodemographic factors in a representative sample of Swedish adults (18-74 

years).   

To date, many interventions to promote physical activity have had disappointing results, 

particularly with regard to long-term maintenance 80 81. More recent strategies to promote 

physical activity have been based on ecological models 53. Interventions based on 

ecological models are expected to have relatively permanent effects and to affect entire 

communities or populations 82. Although the key feature of the ecological models is the 

physical environment and it has been shown that features of the physical environment are 

important for health 83-85, the relationship between HEPA and the physical environment is 

not yet established. To create evidence-based strategies for physical activity promotion 

through environmental changes there is a need to develop tools and instruments aimed at 

measuring the environment. Therefore, this thesis will study the test-retest reliability 

of an instrument aimed at assessing the perception of the local environment.  

Scientific evidence from other countries has shown that there is a link between levels of 

physical activity and the environment, but it is not clear if this evidence can be translated 

to the Swedish situation. Therefore, this thesis will investigate the association 

between HEPA and the neighbourhood environment in a representative sample of 

Swedish adults (18-74 years).  

Finally, the potential of manipulating the environment to promote physical activity has 

been widely discussed 53 86-88, but the scientific evidence to support this is limited. 

Therefore, this thesis will study the effect of a major environmental alteration, the 

implementation of a congestion road tax, on levels of physical activity.  
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2.2  OVERALL AIM 

 
The aims of this thesis were to investigate how self-reported HEPA differs among the 

adult Swedish population and to investigate the association and influence of the 

environment on HEPA. 

 

 

2.3  SPECIFIC AIMS 

 
1. What proportion of the adult Swedish population is adhering to the current 

physical activity guidelines and which sociodemographic factors influence the 

adherence (Study I)? 

2. What is the test-retest reliability of the IPAQ environmental module (Study II)? 

3. Which factors in the neighbourhood environment are associated with HEPA 

(Study III)? 

4. Can a major environmental change influence levels of physical activity (Study IV)? 
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3 METHODS 
 

 
3.1  THE INTERNATIONAL PHYSICAL ACTIVITY 

PREVALENCE STUDY 

 
This study was a part of the International Physical Activity Prevalence Study (IPS). The 

main aim of the IPS was to, in a full scale pilot study, collect internationally standardised 

and nationally representative data on physical activity 89. Twenty countries (or large within-

country regions) met the inclusion criteria to participate in the IPS. The criteria required a 

representative population sample of at least 1 500 adults, using comparable data collection 

methods in spring or autumn and using approved cultural translations of the IPAQ 

instrument. Of those 20 countries, eleven also included the environmental module 90. A 

manual of operations specified the required study protocols and indicated where 

modifications could be made to accommodate the local context 91. 

 

 

3.2  THE SWEDISH PART OF THE IPS 

 
3.2.1 Procedure 

In accordance with the IPS protocol, an invitation to participate was sent out to the 

participants during the autumn of 2003. The invitation to participate, explaining the nature 

and aim of the study, along with the questionnaire and a pre-paid return envelope was 

mailed out to all subjects. A total of three reminders were sent to those who had not yet 

returned the questionnaire or had not declined participation. The first reminder was sent 

after approximately ten days, the second after another ten days and the third after a further 

ten days. Every sixth subject was invited to answer a second questionnaire identical to the 

first one. The second questionnaire was sent out approximately one week after the first 

questionnaire was returned. The same data collection protocol was used for the follow-up 

in 2006. The study was approved by the research ethics committee at the Huddinge 

University hospital (Dnr: 432/03). 

 
3.2.2 Study design  

Study I and III both had a cross-sectional study design. Study II was a reliability study with 

a test-retest procedure. Study IV had a quasi-experimental design, i.e. it was a natural 

experiment taking advantage of the introduction of a congestion road tax in Stockholm 
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(Figure 6). A comparison group was included in the design so that a pre-test could be 

conducted at baseline (comparing the intervention and comparison groups before the tax 

introduction). 

Intervention 
group (tI)

Intervention 
group (tII)

Comparison
group (tI)

Comparison 
group (tII)

Congestion 
road tax

A

B

B

C

 

Figure 6 Diagram of the design of study IV. A) Analysis of potential differences between 

the baseline characteristics and physical activity between the intervention and comparison 

group. B) Physical activity at baseline (tI) compared to physical activity at follow up (tII) in 

the intervention group and comparison group respectively. C) Analysis of changes in 

physical activity between the intervention group and comparison group (∆ intervention vs. 

∆ comparison). The dashed line indicates when the congestion road tax was implemented. 
 

3.2.3 Study population  

For study I and III, the study population consisted of 2 500 individuals drawn from the 

official Swedish population register. They were selected at random according to age (18 - 

74 years), gender and region. From those, every sixth subject (n = 416) was invited to 

participate in the retest of the environmental module (study II). For the follow-up in 2006 

(study IV), the same 2 500 subjects from the original IPS were once again contacted and 

invited to participate. 

 

 

3.3  THE VARIABLES STUDIED 

 
3.3.1 Physical activity 

The short version of the IPAQ was the core instrument. It assesses HEPA by asking each 

individual how often (the number of days per week) and for how long (the average time in 

minutes) he/she has been active at vigorous intensity, moderate intensity and walking 

during the previous seven days. The intensities were assigned an average MET value, based 
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on the average MET value for each intensity in the MET-compendium 92 93. Vigorous 

activity was assigned 8.0 MET, moderate 4.0 MET and walking 3.3 MET. The data were 

scored according to the IPAQ scoring protocol, version 2.0 (www.ipaq.ki.se) 91, with one 

exception. All subjects that, in one or more intensity categories had reported days 

(frequency) but not time (duration) of physical activity, or vice versa, were recoded as 

having spent zero time in that intensity category. Otherwise, if one intensity category had 

contained missing values, it would not have been possible to sum up the physical activity 

and the entire case would have been excluded from analysis due to missing values.  

 

Table 2 The physical activity categories of the International Physical Activity 
Questionnaire. 

Physical activity category Cut-off levels 

1 Low - no activity is reported or  

- some activity is reported but not enough to meet 

categories 2 or 3. 

  

2 Moderate - 3 or more days of vigorous activity for at least 20 

minutes per day or  

- 5 or more days of moderate intensity activity or walking 

for at least 30 minutes per day or  

- 5 or more days of any combination of walking, moderate 

intensity or vigorous intensity activities achieving a 

minimum of 600 METmin·week-1 

  

3  High - 3 or more days of vigorous activity accumulating at least 

1500 METmin·week-1 or  

- 7 days of any combination of walking, moderate or 

vigorous intensity activities achieving a minimum of 3000 

METmin·week-1.  
 

To reduce the effect of known measurement errors of self-reports 94-96, and to minimise 

the effect of the skew in the data, the physical activity was categorised using the IPAQ 

scoring protocol. The cut-off limits, seen in Table 2, for the physical activity categories are 

based on the current guidelines for physical activity. In terms of how the IPAQ measures 

activity this would be equal to 600 METminutes/week (5 days * 30 minutes * 4.0 MET), 

which is the lowest limit for the moderately active category. The cut-off limit for the 

moderately active category also allows a person to be vigorously active for three days per 

week for 20 minutes (3 days * 20 minutes * 8.0 MET = 480 METminutes/week). As the 

IPAQ measures physical activity across all domains and the physical activity guidelines are 

based mainly on studies assessing leisure time physical activity, the cut-off for reaching the 

moderately active category should be viewed as the absolute minimum of physical activity 
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for some health benefit. The higher category aims to include persons that are either doing 

intentional physical activity three days per week or more, accumulating 1500 

METminutes/week (ca 60 min * 3 days * 8 MET), or that are accumulating 3000 

METminutes/week. Subjects in this category are believed to be sufficiently active for 

health benefits across all domains.  

 

3.3.2 Neighbourhood environment 

The environmental module contains 17 questions regarding the local physical 

environment (all presented in Table 6). The questions addressed variables believed to be 

associated with recreational physical activity such as the presence and maintenance of 

foot and bike paths and recreational facilities. Environmental variables believed to be 

related to active transport included walking distance to shops, services, and public 

transportation, as well as access to motorised vehicles. The social environment was 

assessed by the perception of other physically active people in the neighbourhood, safety 

from traffic, and safety from crime.  

 

The environmental module assesses the perception of these physical and social attributes 

of the local neighbourhood environment, using a four-point Likert scale (agree, 

somewhat agree, somewhat disagree, disagree), with the exception of two questions. 

“What is the main type of housing in your neighbourhood?” for which the options were: detached 

single-family or two family residences; row houses; apartments of 1-2 stories; apartments 

of 3-5 stories; apartments of at least 5 stories. “The number of motorised vehicles in working 

order in the household” was an open-ended question.  

 

The environmental module was translated from English to Swedish, and culturally 

relevant examples of environmental features were given. The local neighbourhood is 

defined as everything reachable by a 15-minute walk from home.  

 

3.3.3 Socio-demographic correlates 

The socio-demographic variables are based on data that was self-reported. Participants’ 

age was divided into three categories; 18 - 34 years, 35 - 54 years and 55 - 74 years. BMI 

was calculated by dividing body weight by height squared (kg/m²). A BMI of less than 

25 kg/m² was classified as normal weight, between 25 and 30 kg/m² as overweight and 

more than 30 kg/m² as obese 97. The highest educational level achieved was recoded as 

university/college, high school, basic school and other education. Employment was 
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categorised as employed, student, retired or unemployed/unknown. Income was divided 

into four groups; < 100 000, 100 000 - 200 000, 200 000 - 300 000 and > 300 000 

SEK/year. Subjects also reported the size of the residential community in which they 

lived: a large town (> 100 000 inhabitants), a medium-sized town (100 000 - 30 000), a 

small-sized town (30 000 - 1000) or a village (< 1000). The subjects’ marital status was 

classified from four original categories into either married/co-habiting or single (not 

living with a partner). The participants were classified as current smokers, former 

smokers or never-smokers. The subjects rated their overall health as one of the 

following: excellent, very good, good, satisfactory or poor. Due to small numbers in the 

lowest two groups (satisfactory and poor), they were aggregated into one.  

 

3.3.4 The congestion road tax 

The congestion tax was in effect on the roads in and out of Stockholm for a six month 

trial period from January to July 2006. Automatic pay stations on roads leading into and 

out of the city ensured that all cars crossing in or out were registered (Figure 7). The tax 

levied varied by time of day; it was more expensive during the morning and afternoon 

rush hours. It ranged from 10 to 20 SEK with a maximum payable cost per car and day 

capped at 60 SEK. The tax was in effect on working days from 06.30 in the morning to 

18.29 in the evening 98. 

 

In Sweden there are three large city regions: Stockholm, Göteborg and Malmö. They are 

defined according to population patterns of work commuting, migration and 

cooperation between the main municipality and the surrounding municipalities 99. Based 

on zip-codes, subjects living in Stockholm were classified as the intervention group and 

the subjects living in either Göteborg or Malmö were classified as the comparison group. 
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Figure 7 Aerial view of the boundary for the congestion road tax in Stockholm. 
 

3.4  STATISTICAL ANALYSIS 

 
All statistical analyses were performed using the statistical program SPSS versions 12 to 15 

(SPSS Inc., Chicago. IL). The statistical significance level was set to 0.05. The statistical 

methods used are listed in Table 3. The effect size in paper IV was calculated by the Z-

value calculated from a Wilcoxon signed rank test divided by the square root of n.  

 
Table 3 The statistical methods used in the thesis. 

Statistical method Paper 1 Paper 2 Paper 3 Paper 4 
Intraclass Correlation X    
Percent agreement X    
T-test X X   
Z-test  X   
Multinomial logistic regression  X X  
Multiple linear regression   X  
Pearson chi-squared test (χ2)  X X X 
Gamma statistics   X  
Principal component analysis   X  
Wilcoxon signed rank test    X 
Mann-Whitney U-test    X 
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4 RESULTS & COMMENTS 

 

4.1  RESPONSE RATE AND REPRESENTATIVENESS  

(STUDIES I-IV) 

 
For studies I and III, 1470 adults (59 %) responded and provided full information on 

physical activity. The response rate, although relatively low is similar to other studies in 

Sweden with the same methodology 49 100. At the time of the study (2003) the study sample 

had, according to the official statistics of Sweden, the same mean age (46 ± 15 years) as the 

Swedish population within the same age span (18 – 74 years). There was a slight 

overrepresentation of women in this study (52.9 %) compared to Sweden in general 

(50.2 %) (p = 0.034), but the study sample represents the Swedish population well.  

 

For study II, 95 - 98 subjects (depending on the question) were included. The study sample 

was not different from the larger sample (n = 1470) in terms of gender distribution  

(χ2 = 0.344, d.f. = 1, p = 0.558), age (χ2 = 1.619, d.f. = 2, p = 0.445), body mass index  

(χ2 = 0.146, d.f. = 2, p = 0.929), size of city residence (χ2 = 0.908, d.f. = 3, p = 0.824) or 

educational level (χ2 = 3.112, d.f. = 3, p = 0.375). 

 

In study IV, out of the 498 subjects from Stockholm region and the 325 subjects from 

Göteborg/Malmö regions, 267 completed questionnaires from Stockholm and 224 from 

Göteborg/Malmö were returned at baseline. At follow-up, 232 from Stockholm and 188 

from Göteborg/Malmö were returned. Of these, 197 subjects from Stockholm and 160 

from Göteborg/Malmö provided all necessary information at both occasions and were 

included in the analysis. At baseline, no difference in the sample characteristics (age, 

gender, education and BMI) between the Stockholm and the Göteborg/Malmö was 

observed. There was no difference in vigorous physical activity (p = 0.637), moderate 

physical activity (p = 0.785) or walking (p = 0.620), including weighted HEPA (p = 0.950) 

and sitting (p = 0.139), between subjects in the Stockholm region compared to the subjects 

in the Göteborg/Malmö regions.  

 

 



 

- 22 - 

4.2  DISTRIBUTION AND CORRELATES OF PHYSICAL 

ACTIVITY (STUDY I) 

 
A total of 63 % (95 % CI: 60.5 – 65.4) of the study population were classified as either 

moderately or highly physically active, i.e. adhered to the physical activity 

recommendations. Of these 37 % and 26 % reached the moderately and highly physically 

active category, respectively (Table 4). Slightly more males (64 %) than females (61 %) 

adhered to these recommendations. Significant variation between physical activity 

categories were seen by gender, age, BMI, education, employment status, size of residential 

community and self-perceived health subgroups, but not by income, marital status and 

smoking habits.  

 

These results are, to some extent, different to those previously shown. In this study, 63 % 

reached the minimum amount needed to be classified as meeting the guidelines, and as 

expected this prevalence was higher than other studies reported, since we assessed total 

physical activity and not just intentional exercise. Engström et al reported that around 

35 % of the Swedish population were active at a level comparable with our minimally 

active category 43. The Swedish National Board of Health and Welfare reported in 2001 

that 20 % of the Swedish population were active at a level for health benefits 45, which is 

similar to the IPAQ category of moderate activity, and in 2005 that 20 % of subjects above 

30 years were active on that level 46. The European Union conducted a survey in 2003, the 

Eurobarometer, which assessed physical activity in the European Union using the short 

interview version of IPAQ 101. That study identified Sweden as one of the countries in the 

European Union with the lowest prevalence of physical activity. An earlier study 

conducted in Europe examining the prevalence of exercise and leisure time activities 

placed Sweden among the most active in Europe, with a prevalence of 90 % of people 

doing leisure time exercise 44. Even if there are obvious methodological differences in the 

previous two studies, where one is examining intentional exercise and one the total amount 

of physical activity, there should not be such a big difference between them since the 

IPAQ includes leisure time exercise as well as other physical activities. This gives the 

impression that questions regarding physical activity in general might be too wide a 

concept compared to “how often do you exercise?” and mean different things to the public than 

to researchers. This has also been shown in one qualitative study on women, which shows 

great variation in the perception of what physical activity is 102.  
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Table 4 The sample characteristics and distribution of physical activity by the IPAQ 
physical activity categories. 

  N %   Low  
(%) 

Moderate  
(%) 

High  
(%) 

P 

Gender             < 0.001 
 Women 777 52.9   38.5 42.3 19.1   

 Men 693 47.1   35.5 31.0 33.5   

Age (years)             < 0.001 

 18 - 34 395 26.9   29.8 37.6 32.6   

 35 - 54 566 38.5   36.5 40.4 23.1   

 55 - 74  509 34.6   43.6 32.5 23.9   

BMI (kg/m2)              < 0.001 

 < 25.0 819 55.7   33.8 39.6 26.6  

 25.0-29.9 508 34.6   37.5 34.6 27.9   

 ≥ 30.0 118 8.0   58.9 29.5 11.6   

Education              < 0.001 

 College/university 443 30.1   38.9 42.1 19.0   

 High school 632 43.0   32.0 38.3 29.7   

 Other 77 5.2   35.2 35.2 29.6   

 Basic school 318 21.6   45.4 26.8 27.8   

Employment status             < 0.001 

 Employed 880 59.9   34.3 39.4 26.4   

 Student 126 8.6   25.4 43.4 31.1   

 Retired 245 16.7   49.8 29.3 21.0   

 Unemployed/unknown 219 14.9   41.5 31.5 27.0   

Income (SEK per year)             0.473 

 < 100 000 238 16.2   34.1 36.3 29.6   

 100 000 - 200 000 436 27.7   40.4 35.8 23.8   

 200 000 - 300 000 506 34.4   34.1 38.4 27.5   

 > 300 000 226 15.4   36.5 37.9 25.6   

Residential community size              0.010 
 Village 384 26.1   31.2 36.9 32.0   

 Small town 355 24.1   35.1 38.4 26.4   

 Medium-size town 291 19.8   38.6 35.0 26.4   

 Large town 381 25.9   41.5 38.5 20.1   

Marital status             0.110 

 Single 420 28.6   33.8 36.6 29.6   

 Married/Partner 1046 71.2   38.4 37.1 24.5   

Smoking status             0.349 

 Never smoked 765 52.0   34.9 38.1 27.0   

 Former smoker 398 27.1   40.7 33.6 25.3   

 Current smoker 293 19.9   37.1 38.6 24.3   

Self-perceived health             < 0.001 
 Excellent 272 18.5   23.2 36.9 39.9   
 Very good 399 27.1   31.7 40.5 27.8   
 Good 478 32.5   40.3 38.6 21.1   
 Satisfactory or poor  309 21.0   51.8 28.8 19.4   
Total 1470 100   37.1 36.9 26.0   
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In the international analysis of the IPS data, Sweden is placed in the middle of the 20 

countries. In that study 76 % of the Swedes were reaching the guidelines 89. The larger 

number compared to our estimate is most likely due to different approaches during the 

data cleaning procedures and that they only included subjects aged 18 – 65 years.  

 
Males, the age group 18 – 34 years, those having a BMI below 30 kg/m2, those living in a 

village or a small town, and those reporting a self-rated health as very good or better, had 

higher odds of reaching the high category (Table 5). Participants with an education at 

college/university level were less likely to be in the high category than those with basic 

education. Women were less likely to be in the high category compared to men both 

before and after adjustment for other variables.  

 

Subjects in the moderately physically active category were, in crude analyses, likely to be 

younger than 55, have a BMI below 30 kg/m2, have an education level of high school or 

higher, be employed or a student, or have a self-perceived health of good or better. After 

adjustment, those with a BMI below 30 kg/m2, students, those living in a village or small 

town and those rating their health as good or better, had increased odds of being in the 

highly physically active category. Women tended to be more likely to be classified as being 

in the moderately active category than men, but the results did not reach the level of 

statistical significance.  
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Table 5 Results of multinomial logistic regression for the categories of physical activity by 
socio-demographic correlates. 

 

  Moderate   High 

Crude analysis Adjusted analysis Crude analysis Adjusted analysis 

  OR 95 % CI OR 95 % CI  OR 95 % CI OR 95 % CI 

Gender          
 Women 1.26 0.98-1.61 1.33 0.99-1.78  0.53 0.40-0.69 0.62 0.45-0.87 
 Men 1.00  1.00   1.00  1.00  
Age (years)          
 18 - 34 1.70 1.23-2.34 1.13 0.71-1.79  2.00 1.42-2.82 1.77 1.06-2.96 
 35 - 54 1.49 1.12-1.97 1.11 0.77-1.61  1.15 0.84-1.59 1.07 0.70-1.66 
 55 - 74  1.00  1.00   1.00  1.00  
BMI (kg/m2)          
 < 25.0 2.35 1.50-3.68 1.66 1.01-2.75  4.00 2.15-7.46 2.53 1.29-4.94 
 25.0-29.9 1.84 1.16-2.95 1.66 1.00-2.76  3.78 2.00-7.14 2.72 1.39-5.32 
 ≥ 30.0 1.00  1.00   1.00  1.00  
Education           
 College/university 1.83 1.29-2.60 1.18 0.75-1.83  0.80 0.54-1.17 0.52 0.32-0.86 
 High school 2.03 1.44-2.84 1.43 0.95-2.14  1.37 1.07-2.13 1.01 0.66-1.55 
 Other 1.69 0.91-3.15 1.20 0.60-2.40  1.51 1.07-2.13 1.25 0.61-2.55 
 Basic school 1.00  1.00   1.00  1.00  
Employment status          
 Employed 1.53 1.05-2.18 1.41 0.92-2.16  1.18 0.81-1.74 1.15 0.72-1.84 
 Student 2.25 1.30-3.91 2.47 1.27-4.83  1.88 1.05-3.38 1.98 0.95-4.10 
 Retired 0.77 0.50-1.21 1.06 0.60-1.86  0.65 0.40-1.05 1.00 0.53-1.87 
 Unemployed/unknown 1.00  1.00   1.00  1.00  
Income (SEK per year)          
 < 100 000 1.03 0.66-1.59 0.85 0.47-1.53  1.24 0.77-1.99 0.92 0.47-1.78 
 100 000 - 200 000 0.85 0.58-1.25 0.90 0.57-1.44  0.84 0.55-1.28 0.93 0.55-1.59 
 200 000 - 300 000 1.09 0.75-1.57 1.06 0.70-1.59  1.15 0.77-1.74 1.20 0.76-1.93 
 > 300 000 1.00  1.00   1.00  1.00  
Residential community size           
 Village 1.28 0.91-1.79 1.55 1.06-2.28  2.12 1.45-3.10 2.40 1.55-3.72 
 Small town 1.18 0.84-1.66 1.44 0.99-2.10  1.56 1.05-2.31 1.76 1.13-2.74 
 Medium-size town 0.98 0.69-1.40 0.98 0.67-1.44  1.42 0.94-2.13 1.44 0.93-2.25 
 Large town 1.00  1.00   1.00  1.00  
Marital status          
 Single 1.12 0.85-1.47 1.08 0.79-1.48  1.37 1.02-1.84 1.21 0.85-1.74 
 Married/Partner 1.00  1.00   1.00  1.00  
Smoking status          
 Never smoked 1.05 0.76-1.45 0.91 0.64-1.30  1.18 0.82-1.70 1.06 0.70-1.59 
 Former smoker 0.79 0.55-1.14 0.76 0.51-1.13  0.97 0.65-1.44 1.03 0.66-1.62 
 Current smoker 1.00  1.00   1.00  1.00  
Self-perceived health          
 Excellent 2.86 1.88-4.36 2.31 1.44-3.71  4.59 2.94-7.16 4.05 2.42-6.77 
 Very good 2.30 1.60-3.31 1.81 1.20-2.73  2.34 1.56-3.51 2.07 1.29-3.31 
 Good 1.72 1.22-2.43 1.49 1.02-2.17  1.40 0.94-2.08 1.24 0.80-1.94 
 Satisfactory or poor  1.00  1.00   1.00  1.00  
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When HEPA instead of leisure time exercise was assessed, associations not previously 

reported emerged. For example, people of high socio-economic status (high income 

and/or high education level) have frequently been found to report more leisure time 

physical activity and exercise than those of low socio-economic status 43 45 46 103. Having a 

high income was not associated with categories of physical activity at all, and having a 

university or college degree was negatively associated with the high physical activity 

category. While subjects with a higher educational level might do more leisure time 

exercise, they may have less physically demanding occupations with the result that their 

HEPA is lower than for those with lower educations who may perform more physically 

demanding work.  

 

Another example was that living in a village or small town was positively associated with 

physical activity compared with living in a large town (> 100 000 people), especially among 

the men. This is in contrast to what was found in the USA and Australia 16 73. Those studies 

mostly report on leisure time physical activity or walking only which may explain the 

observed discrepancies. Furthermore, the USA and Australian data may not easily be 

compared with Swedish or European data as the physical and cultural environments are 

different. European studies, on the other hand, show that women living in rural areas of 

France have higher physical activity levels than their urban counterparts 104. In Belgium, 

women living on the outskirts of cities have been shown to be more likely to walk for 

recreation compared to those living in the inner city 105. None of these studies found any 

association for men, while in our study this association was more important for men than 

for women.  

 

 

4.3  RELIABILITY OF THE ENVIRONMENTAL MODULE 

(STUDY II) 

 
The results from the test-retest study are shown in Table 6. The results showed that 

questions of a more objective nature relating to residential density and number of cars in 

the household were more reliable compared to questions of a more subjective nature such 

as the perception of crime. There were also some gender differences in the reliability. 

Overall, the results showed that the IPAQ environmental module had at least moderate 

reliability. These results are similar to what have been found when the IPAQ 

environmental module was tested for reproducibility in Nigeria 62. Their study also showed 

at least moderate to high reproducibility with lower results for the subjective questions and 
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higher for the objective. The limitation of the Nigerian study is that it was only performed 

on students who lived on a university campus with limited environmental variation as well 

as on a very homogenous group. In an American study, three different environmental 

questionnaires were tested for reproducibility 60. In that study, as well as in ours and the 

Nigerian one, the questions about the social environment were less reproducible as 

compared to the physical environmental questions, but overall showed at least moderate 

reproducibility. 

 

Taken together, questions regarding the social environment, which are of a more 

subjective nature are not as reliable compared to questions related to the physical 

environment. This may be the case, but when interpreting the results from a test-retest 

study there are a number of factors that need to be taken into consideration. If the time 

period between administration of the questionnaires is too short then the respondents 

might remember their answers and a false result might appear. If the time period is too 

long, then actual changes to the environment might have happened and the results would 

differ for that reason 106. It is not surprising that the questions regarding the social 

environment produce lower reliability scores since the social environment is more prone to 

change. The physical environment normally takes years to change. A low reliability score 

could also be seen as a sign that the instrument is sensitive enough to pick up changes to 

the social environment. 
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Table 6 The test-retest reliability of the IPAQ environmental module.  

Environmental variable   Percent  

Agreement 

ICC 

Residential density    

 What is the main type of housing in your neighbourhood?  88.5 0.95 

Access to destinations    

 Many shops are within walking distance of my home.  67.0 0.77 

 There are many places to go within easy walking distance of 

 my home. 

 70.4 0.81 

 My neighbourhood has several free or low cost recreation 

 facilities. 

 65.3 0.71 

 It is less than a 10-15 minute walk to a transit stop from my 

 home. 
 87.8 0.46 

Neighbourhood’s infrastructure    

 There are sidewalks on most of the streets in my 

 neighbourhood. 

 78.6 0.71 

 The sidewalks are well maintained and not obstructed.   70.5 0.75 

 There are facilities to cycle in or near my neighbourhood.  69.1 0.70 

 Places for cycling in and around my neighbourhood are 

 well maintained and not obstructed. 

 

 

 

68.4 

 

0.78 

Aesthetic qualities    

 There are many interesting things to look at while walking 

 in my neighbourhood. 

 

 

 

63.9 

 

0.65 

Social environment    

 I see many people being physically active in my 

 neighbourhood. 

 64.3 0.47 

Street connectivity    

 There are many four-way intersections in my 

 neighbourhood. 

 55.1 0.71 

Neighbourhood safety    

 The crime rate in my neighbourhood makes it unsafe to go 

 on walks during the day. 

 

 

 

80.6 

 

0.36 

 The crime rate in my neighbourhood makes it unsafe to go 

 on walks at night. 

 71.4 0.55 

 There is so much traffic on the streets that it makes it 

 difficult or unpleasant to walk. 

 

 

 

61.2 

 

0.60 

 There is so much traffic on the streets that it makes it 

 difficult or unpleasant to ride a bicycle. 

 

 

 

62.2 

 

0.65 

Household motor vehicles    

 How many motor vehicles in working order are there in 

 your household? 

 92.9 0.98 
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4.4  HEPA, WALKING AND THE NEIGHBOURHOOD 

ENVIRONMENT (STUDY III) 

 
As a result of the principal component analysis, four factors with eigenvalues ≥ 1.0 were 

retained. These factors were labelled as degree of urbanisation, traffic intensity, opportunities and 

aesthetics of the area and the fear of crime and explained 31.3 %, 15.4 %, 8.6 % and 7.3 % of 

the total variance, respectively (Table 7). The factors should be interpreted such that 

being in the lowest tertile of the factor degree of urbanisation means that a subject lives in 

the least urbanised area. Those in the lowest tertile of the factor traffic intensity perceive 

that the traffic intensity is low. Subjects being in the lowest tertile of the factor 

opportunities and aesthetics have rated their neighbourhood as having few interesting things 

to look at and few opportunities to be physically active. Those in the lowest tertile of the 

factor fear of crime perceive that there is little crime in their neighbourhood. No significant 

discrepancies between the direction of the association of the factors and the individual 

questions contributing to these factors were detected (data not shown). 

 

Despite the fact that we included many potential confounders, as well as factors of the 

neighbourhood environment, our model was only able to explain 16 % of the variation 

in physical activity (r2 = 0.16). This is slightly less than what has previously been shown 

in other cross-sectional studies 107. 

 
Interestingly, our factor degree of urbanisation is similar to what others have termed the 

walkability of a neighbourhood, e.g. high residential density, a diverse mix of land use 

and high road connectivity 68 73 106 108-110. A highly walkable neighbourhood has 

consistently been shown to facilitate walking among different populations. Since the 

factor degree of urbanisation turned out to be similar to the concept of walkability, the 

positive association with tertiles of walking was expected, indicating a relatively 

supportive environment for walking in Swedish urbanised areas (Table 8). As seen in 

Table 8, when HEPA is assessed, another pattern emerges. The degree of urbanisation was 

negatively associated with HEPA.  
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Table 7 Factor loadings for the factors selected by PCA, all loadings ≥ 0.4 are shown. 

Environmental factors 

Questionnaire item Degree of 

urbanisation 

Traffic 

intensity 

Opportunities 

and aesthetics 

Fear of 

crime 

There are sidewalks on most of the streets in 

my neighbourhood. 

0.79    

The sidewalks in my neighbourhood are well 

maintained and not obstructed. 

0.79    

Many shops are within walking distance of 

my home. 

0.76    

There are many places to go within easy 

walking distance of my home. 

0.76    

Places for cycling in and around my 

neighbourhood are well maintained and not 

obstructed. 

0.74    

There are facilities to cycle in or near my 

neighbourhood. 

0.66    

My neighbourhood has several free or low 

cost recreation facilities. 

0.66  0.45  

It is less than a 10-15 min walk to a transit 

stop from my home. 

0.61    

Main type of housing in the neighbourhood 

(House or semi-detached house, 1-2 stories, 

3-4 stories, 5 stories or higher). 

0.58    

There is so much traffic on the streets that it 

makes it difficult or unpleasant to ride a 

bicycle. 

 0.82   

There is so much traffic on the streets that it 

makes it difficult or unpleasant to walk. 

 0.76   

There are many four-way intersections in my 

neighbourhood. 

 0.56   

There are many interesting things to look at 

while walking in my neighbourhood. 

  0.75  

I see many people being physically active in 

my neighbourhood. 

  0.72  

The crime rate in my neighbourhood makes 

it unsafe to go on walks during the day. 

   0.83 

The crime rate in my neighbourhood makes 

it unsafe to go on walks at night. 

   0.74 
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Table 8 Environmental factors by the upper and high physical activity category tertile of 
walking. 

aP-values for linear trends, which were examined by introducing factor scores as 

continuous variables 
bAdjusted for age, gender, self-perceived health, BMI, education, employment, marital 

status, smoking and the variables in the table 
 

These findings are in the opposite direction to results from other studies 67 109 111-115. We 

know from previous research on the same population that walking is a big component of 

their total health enhancing physical activity 116. It had been assumed that the association 

between walking and the environmental factors would have been similar to the 

associations between total health enhancing physical activity and the environmental 

factors. This was not the case. One reason for this may be that the subjects in the highly 

urbanised category live in neighbourhoods that are supportive for walking, but not for 

physical activity of a higher intensity. And at the same time, subjects from the least 

urbanised category live in neighbourhoods that are not supportive for walking but support 

other kinds of physical activity such as gardening or recreational physical activity. Another 

reason could be that those living in urbanised areas are not accumulating sufficient 

 Upper tertile of walking  

(> 300 minutes per week) 

 High category of  

physical activity 

Factors Odds ratiob 

(95 % CI) 

pa  Odds ratiob 

(95 % CI) 

pa 

      

Degree of urbanisation  0.800   < 0.001 

 Lower tertile 0.65 (0.45-0.95)   2.01 (1.32-3.05)  

 Middle tertile 0.97 (0.68-1.37)   1.52 (1.02-2.25)  

 Upper tertile 1.00 (Reference)   1.00 (Reference)  

      

Traffic intensity  0.142   0.472 

 Lower tertile 0.85 (0.59-1.22)   1.02 (0.68-1.51)  

 Middle tertile 1.02 (0.72-1.44)   0.96 (0.65-1.42)  

 Upper tertile 1.00 (Reference)   1.00 (Reference)  

      

Opportunities and aesthetics  0.010   0.049 

 Lower tertile 0.67 (0.47-0.95)   0.77 (0.52-1.14)  

 Middle tertile 0.94 (0.69-1.34)   0.85 (0.58-1.26)  

 Upper tertile 1.00 (Reference)   1.00 (Reference)  

      

Fear of crime  0.434   0.963 

 Lower tertile 1.64 (1.14-2.36)   0.99 (0.67-1.48)  

 Middle tertile 1.16 (0.82-1.63)   0.97 (0.65-1.43)  

 Upper tertile 1.00 (Reference)   1.00 (Reference)  
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amounts of physical activity within their own neighbourhood, but rather at other places 

e.g. at their workplace, during transportation or at fitness centres.  

 
Making a comparison between the results in this thesis and the results from the pooled 

analysis on the IPS data is difficult. Due to different statistical and data treatment 

approaches the data is not directly comparable 90. In the international study, a composite 

measure of six different environmental variables was created. Then an analysis was 

performed on the relationship between having or not having a number of zero (referent) 

to six of these features in the neighbourhood. The outcome showed that there was a 

positive dose response relationship between the number of features and the odds of 

meeting the physical activity guidelines. All of those six variables are included in the factor 

degree of urbanisation and the degree of urbanisation was negatively associated with 

physical activity. This may be seen as a sign of the importance of analysing the relationship 

between physical activity and neighbourhood environment for every country separately.   

 

 

4.5  THE EFFECT OF A CONGESTION ROAD TAX (STUDY IV) 

 
At follow-up, the subjects residing in Stockholm reported more moderate physical activity 

(p = 0.022) and significantly less time spent sitting (p = 0.001) than at baseline. An increase 

in weighted HEPA (p = 0.023) was also observed among those living in Stockholm. 

Among the subjects from Göteborg/Malmö no change in their physical activity behaviour 

was observed (Table 9). The effect sizes of the changes between baseline and follow up 

were more pronounced in Stockholm compared to Göteborg/Malmö, showing the 

greatest effect for time spent sitting (r = 0.24) and the smallest in time spent walking 

(r = 0.00). In Göteborg/Malmö, the greatest effect was observed for vigorous physical 

activity (r = 0.11) and the smallest for walking (r = 0.01) (Table 9). 

 



 

- 33 - 

Table 9 Median (25th, 75th Percentile) physical activity at baseline and at follow-up during 
the congestion road tax in Stockholm and Göteborg/Malmö.  

a The combined time of using MET weights (walking 3.3, moderate 4.0, and vigorous 8.0) 
b Calculated by a Wilcoxon signed ranks test  
c Effect size calculated by the Z-value calculated from a Wilcoxon signed rank test divided 
by the square root of n. 
 
 

Despite the fact that only the subjects from Stockholm reported a change in physical 

activity, no significant difference in the changes of the intensity levels of physical activity, 

weighted HEPA or sitting between Stockholm and Göteborg/Malmö (Table 10) could be 

observed. The effect sizes of the changes ranged from 0.01 for walking to 0.09 for 

vigorous physical activity.  

 

The small effect sizes seen in our study are similar to what others have found. In an 

American quasi-experimental study, Wells and Yang reported that relocation of subjects to 

two distinct neighbourhood types had no effect on walking 117. The same was reported 

from a study in Western Australia, were subjects did not change their physical activity 

behaviour after relocation 118.  

 

 

 Stockholm (n=197)   Göteborg/Malmö (n=160)  

 Baseline Follow-up pb rc Baseline Follow-up pb rc 
Vigorous 
min/week  

0 
(0, 150) 

5 
(0, 180) 

0.164 0.10 0 
(0, 120) 

0 
(0, 120) 

0.180 0.11 

Moderate  
min/week 

30 
(0, 180) 

60 
(0, 240) 

0.022 0.16 20 
(0, 180) 

30 
(0, 240) 

0.490 0.05 

Walking  
min/week 

150 
(60, 420) 

180 
(60, 420) 

0.989 0.00 180 
(60, 420) 

180 
(47, 420) 

0.853 0.01 

Sitting  
min/day 

300 
(180, 480) 

300 
(142, 480) 

0.001 0.24 300 
(180, 480) 

240 
(120, 420) 

0.201 0.10 

HEPAa 
Metmin/week 

1491 
(713, 3151) 

1706 
(739, 3304) 

0.023 0.16 1653 
(678, 2943) 

1782 
(693, 3582) 

0.898 0.01 
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Around 1.9 million people live in Stockholm (www.scb.se), many of whom may be 

affected, at least to some extent, by a congestion road tax. An evaluation from the local 

road authorities (www.stockholmsforsoket.se) showed that the number of cars passing in 

and out of Stockholm was reduced by 100 000 per day during the congestion road tax trial. 

This is a 25 % reduction, which represents a huge change in the travel behaviour of the 

population. Additional environmental alterations specifically targeting physical activity, 

such as bike lanes, in conjunction with the congestion road tax might be needed for a 

more substantial increase in physical activity levels to materialise and, in the long run, for 

public health to improve.  

 

Table 10 Median (25th, 75th percentile) change in physical activity for those living in 
Stockholm and those living in Göteborg/Malmö. 

 
Stockholm  

(n = 197) 
 

Göteborg/Malmö  

(n = 160) 
  

 Median change   Median change  pb rc 
Vigorous min/week  0 (-29, 28)  0 (-30, 60) 0.080 0.09 

Moderate min/week 0 (-26, 120)  0 (-45, 120) 0.228 0.06 

Walking min/week 0 (-90, 210)  0 (-105, 120) 0.799 0.01 

Sitting min/day 0 (-120, 120)  0 (-80, 60) 0.283 0.06 

HEPAa Metmin/week 200 (-473, 1306)  114 (-540, 1237) 0.147 0.08 

a The combined time using MET weights (walking 3.3, moderate 4.0, and vigorous 8.0) 
b Calculated by a Mann Whitney U-test 
c Effect size calculated by the Z-value calculated from a Mann Whitney U test divided by 
the square root of n. 
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5 DISCUSSION 

 

This thesis was a part of a large scale international study that aimed to test the use of the 

short version of the IPAQ. More specifically it has examined the adherence to physical 

activity guidelines in Sweden and the influence of sociodemographic factors on the 

adherence to those guidelines. It has tested the reliability of the IPAQ environmental 

module and examined the association between features of the environment and HEPA on 

a population-based sample. Lastly, it has tested if a major environmental intervention, a 

congestion road tax, influenced levels of physical activity. The results from this study 

should be interpreted in the light of the strengths and limitations of the methods used in 

this study. 

 

 

5.1  STRENGTHS AND LIMITATIONS  

 
5.1.1 The thesis 

 
The use of a nationally representative sample, and the adjustment for many potential 

confounders, are among study I and study III’s strengths. The limitations of those studies 

are the cross-sectional study design. The strengths of study II are the use of a sample from 

all of Sweden and the gender-specific analysis but it is limited by its small sample size. 

Study IV’s major strength is the quasi-experimental study design. A quasi-experimental 

design allows for stronger inferences of the causal relationship between changes in the 

environment and the effect on physical activity than, for example, a cross-sectional study 

design does 119. By their nature, such studies are relatively rare, especially in this field. The 

limitation of quasi-experimental studies is the possibility of selection bias, due to the fact 

that assignment to the intervention and comparison groups is non-random. A lack of 

significant differences either in the sample characteristics or in levels of physical activity at 

baseline between the intervention and comparison groups suggests that no major selection 

bias were present that could influence the outcome. The limitation of study IV is its small 

sample size.   
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5.1.2 The methods 

 
Physical activity 

The use of self-reported physical activity data is well known to be subject to errors. The 

IPAQ for example has been shown to overestimate physical activity compared to 

accelerometers 96 120 and compared to doubly labelled water it underestimates physical 

activity energy expenditure 121. However, the IPAQ has been shown to be able to relatively 

accurately discriminate between those that meet the physical activity recommendations and 

those who do not 120. The setting of missing values to zero during the data cleaning 

procedure might have caused a relative underestimation of HEPA. However this may have 

been counterbalanced by the fact that the IPAQ tends to overestimate physical activity. 

The absolute levels of prevalence as seen in our study could be questioned. When 

compared to objective methods of assessing levels of physical activity in Sweden, the 

IPAQ gives a 10 % higher estimate of subjects adhering to the physical activity 

recommendations 25.  

 

The IPAQ, as any measure of physical activity, has its limitations but it also has some 

merits. The IPAQ is a well tested instrument and overall the psychometric properties are 

good or at least not worse than any other self-reported questionnaire of physical activity. It 

is well suited for studies using a fairly large sample size. There is no reported data on 

systematic over or underreporting of physical activity in different sociodemographic group. 

This should be addressed in future studies.  

 

The IPAQ assesses HEPA and allows for the partitioning of physical activity. By 

examining different parts of physical activity and HEPA, a better picture of physical 

activity behaviour emerges. As observed in our study, the same feature in the physical 

environment can be related to various physical activities in different ways. Using the long 

version of the IPAQ could have provided additional insights. The long version of the 

IPAQ asks about domain-specific physical activity in four different domains; during 

transportation, domestic and household chores, at work and during leisure time 122. 

 

The IPAQ environmental module 

The reliability study of the environmental module shows that it had at least good reliability. 

The environmental module was developed for use in the IPS. It was based on the 

information available at the time but the relevance for Swedish circumstances could be 

questioned. On the other hand, no other tool has been developed for assessing the 
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environment in Sweden – besides GIS. Furthermore, given that it is unknown if the 

subjective or objective methods of assessing the environment explain more of the 

variation in physical activity, the use of a triangulation approach would be good. There 

have been a few attempts to try and correlate data from self-reports with those derived 

from GIS. The correlation between the subjective and objective measures is very low, 

indicating that they are not measuring the same thing 123-125. It may be that it is not only the 

presence or absence of an environmental feature, as measured by GIS, that is important 

but also the quality of such a feature, which may be best assessed subjectively. 

 

 

5.2  IMPLICATIONS FOR PUBLIC HEALTH 

 
The large variation in physical activity among the diverse sociodemographic groups makes 

it difficult to identify a single group that would benefit most from physical activity 

promotion. This indicates the need for a ecological approach to physical activity 

promotion. Ecological approaches to health promotion, such as environmental changes, 

have the advantage of targeting many in the society and not narrow demographic groups. 

 

This thesis has translated and tested a tool that was developed for assessing the perception 

of features of the neighbourhood environment believed to be associated with physical 

activity. Overall the reliability of the IPAQ environmental module was good. The relatively 

short format of the environmental module and the IPAQ makes it, in theory, possible to 

incorporate them, without too much effort, into the existing national public health 

monitoring systems. 

  

Given the limited number of other studies that have examined the association between 

physical activity and features of neighbourhood environment in a nationally representative 

sample, no definitive conclusions on this topic can be drawn. In order to establish a causal 

relationship between the neighbourhood environment and physical activity additional 

studies need to be conducted. 

 

The results from this thesis indicate that a congestion road tax alone may not be sufficient 

to substantially change population levels of physical activity. However, using the income 

from such a tax to find additional physical activity promotional strategies, such as the 

construction or improvement in bike lanes, may be money well spent, both in terms of 

increased public health but also in terms of governmental savings 126. 
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5.3  FUTURE DIRECTIONS 

 
5.3.1 Physical activity 

Even though in our studies we included many potential confounders as well as aspects of 

the environment we were not able to explain more than 16 % of the variation in physical 

activity. This reflects the multidimensional nature of physical activity behaviour. 

Partitioning physical activity into smaller parts may additionally enhance our  

understanding of physical activity behaviour 127. The potential that accelerometry has for 

overcoming cultural, linguistic and recall limitations of self-reports together with recent 

technological improvements makes them suitable for use in large scale studies, and they 

should in the future be employed to a greater extent than they are today. The immense 

amount of data which they can capture provides better information about physical activity 

behaviour. Finally, evidence for the relative importance of frequency, independent of the 

intensity, of physical activity in relation to health is emerging 128, and this should also 

receive more attention in future studies. 

 

5.3.2 Physical environment 

There is a need to further develop valid and reliable methods for assessing the physical 

environment’s influence on physical activity. Furthermore, there is a need to study the 

influence of features of the physical environment on particular physical activity behaviours. 

The same feature of the environment that supports walking may not necessarily support 

leisure time physical activity. Finally, the effects of modifications of the physical 

environment in relation to physical activity need to be studied. Often there is good 

opportunity to do so since plans to modify the environment are often discussed during a 

long time period before they are actually implemented. A better multi-disciplinary 

collaboration between, for example, decision makers, city planners, architects, health 

professionals and scientists is also warranted. 
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6 CONCLUDING REMARKS 
 
The findings show that levels of physical activity varied substantially between groups in 

society. No particular group could be identified as a potential target for physical activity 

interventions. A broad approach to physical activity promotion may thus be needed.  

 

The test-retest of the Swedish version of the environmental module showed substantial 

agreement for most variables. The reproducibility was similar between men and women 

and ranged from fair to substantial. Questions of a more objective nature produced higher 

reliability values than questions of a subjective nature.  

 

The different associations observed between the neighbourhood environment and walking 

and the neighbourhood environment and HEPA illustrates the importance of assessing 

HEPA as well as the partitioning of physical activity. It is possible that associations may 

differ (in strength and/or direction) depending on which part of physical activity is 

assessed. It is of great importance to conduct more research in Sweden so that potential 

opportunities for physical activity promotion can be identified.  

 

During the congestion road tax, an increase in moderate intensity physical activity, a 

decrease in reported time spent sitting and an increase in HEPA was observed in the 

exposed group. This is in accordance with ecological model theories in which a major 

environmental change may influence physical activity behaviour among those exposed. 

This is a promising area for public health promotion. 
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