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“The eternal rebel, the first freethinker and the 

emancipator of worlds. He makes man ashamed 

of his bestial ignorance and obedience; he 

emancipates him, stamps upon his brow the seal 

of liberty and humanity, in urging him to disobey 

and eat of the fruit of knowledge.”  

― Mikhail Bakunin 
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ABSTRACT 

Background 
Cheap and effective tools for measuring patients’ physical activity (PA) level are needed. The 
first aim in this thesis was therefore to assess the validity of two PA -questions, and their three 
associated answer modes, that are used within the Swedish health care system. Sitting, light 
intensity PA (LIPA), and moderate and vigorous intensity PA (MVPA), are associated with 
health and longevity, but detailed population data assessed with objective methods is needed. 
The second aim was thus to assess the above with motion sensor technology, in a middle-aged 
Swedish sample. Low self-perceived health is a strong predictor of morbidity and mortality, but 
this association may vary over time with changes in the society and our lifestyle. The third aim 
was to assess secular trends in the interrelations between self-perceived health, physical fitness, 
and selected covariates. The effects of PA on prescription (PAP) on health-related quality of life 
(HRQoL) in overweight adults are unclear, thus the fourth aim was to explore this. 
 
Methods 
All data was collected in the Swedish population. Data from the PA -questions and 
accelerometers, aerobic fitness, counter movement jump, and balance tests, blood samples, and 
self-rated general health were collected in 365 participants, 21–66 yrs. The PA pattern was 
assessed in 948 individuals, 50‒64 yrs, from the SCAPIS pilot study. Self-perceived physical 
health, and measured aerobic fitness, counter movement jump height, and balance, and 
demographic and lifestyle data, was assessed in three independent samples from 1990, 2000 and 
2013, including 3564 adults, 20‒65 yrs. The effects of Swedish PAP on HRQoL was assessed in 
a randomized controlled trial including 101 men and women, 67‒68 yrs, that were inactive, 
overweight (BMI>25 kg/m2), and had a waist circumference ≥102 cm (men) or ≥88 cm 
(women), who were randomized to an intervention group or a control group. The 36-item Short 
Form Health Survey (SF-36) was used to assess HRQoL. 
 
Results 
The multiple choice answer mode of the two PA -questions was found to have the strongest 
validity, compared with the two other (an open mode, and one where PA minutes is specified per 
weekday). The validity is in line with many other established PA-questionnaires, but the open 
mode has limitations. The assessment of PA pattern showed that 61% of motion sensor wear 
time represented sitting, 35% LIPA, and 4% MVPA. Only 7% of the sample met the PA 
recommendations. The odds for describing perceived health as good was found to increase by 
5% per each increment of 1 ml/kg/min in VO2max. This was stable across genders and all three 
LIV-samples (i.e. over time). Waist circumference, chronic disease, sleep problems, and level of 
satisfaction with one’s life, were also important correlates. The Swedish PAP group improved 
significantly more, and more participants displayed clinically relevant improvements (OR 2.43), 
in mental aspects of HRQoL, compared to the controls. Physical aspects of HRQoL improved in 
the PAP group, but not in the control group. 
 
Conclusions 

The multiple choice answer mode has the strongest validity and Open mode the weakest. The PA 

-questions may be used in populations, or in individuals to determine appropriateness for 

treatment. The questions’ advantages and limitations must be considered and further reliability 

and validity studies are needed. The results regarding sitting, LIPA, MVPA and fulfillment of 

PA recommendations, are of high clinical relevance. A great challenge remains to further 

implement methods to increase the level of PA in the Swedish population. Physical fitness is 

related to self-perceived health independently of changes in society and lifestyle over time, and 

simple questions may be useful for the clinical assessment of physical fitness. Swedish PAP has 

a positive effect on mental aspects of HRQoL, measured by the SF-36. This finding supports the 

clinical use of the Swedish PAP model. 
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1 INTRODUCTION 
Important discoveries were made by Morris1 and Paffenbarger2 in the 1950s, when 

associations between occupational physical activity (PA) and mortality were recognized. 

Since then we have learned that the associations between PA and mortality may partly be 

caused by the advantageous effects of PA on several cardiovascular risk factors3-9 as well as 

on risk of some cancers10, 11, possibly mediated by anti-inflammatory myokines released by 

the skeletal muscles during PA, and an antithrombotic effect of PA12, 13. Recent data show 

that the effects of PA on mortality may be as high as that of smoking cessation14, and even 

individuals with chronic cardiac disease should be encouraged to be physically active15. It 

is fair to say that the development of modern society has led to a diminished amount of 

daily PA16. The degree of this decrease is however under debate, hence, there is a need to 

assess the level of PA in different populations. 

The World Health Organization (WHO) now rank physical inactivity as the fourth most 

important risk factor globally for overall mortality, and one of the most important risk 

factors for burden of disease17. It has even been proposed that this is understated because 

inactivity may increase overweight and obesity (rated as fifth), as well as hypertension 

(rated as first) and blood glucose levels (rated as third)16. Further, the cost derived from 

physical inactivity in Europe equaled 80.4 billion euros in 2012, which was equivalent to 

six percent of all health spending, and was five billion euros more than total global yearly 

spending on cancer drugs16. Hence, regular PA is important in general, and in the modern 

health care system specifically, in Sweden as well as internationally, for both prevention 

and treatment18-20. 

This dissertation revolves around studies of the phenomenon of PA and its relation to 

health, and important biomarkers, in the Swedish adult population. 

1.1 Physical activity 

In modern science, the definition of PA is all body movements caused by contracting 

skeletal muscles that result in energy consumption higher than the basal level21. There are 

several other ways to categorize PA, such as by how it is experienced, and by cultural and 

social values, to name a few, in this dissertation, however, PA is mainly quantified by 

intensity, duration, and frequency. Further, exercise is a certain type of PA, which may be 

defined as activities that are planned, structured, and repetitive22, and performed with a goal 

to improve, conserve, or to slow down a deterioration in, aspects of physical performance, 

fitness, or health. 

The intensity of PA is in the literature often described with metabolic equivalents (METs), 

where 1 MET equals the rate of total body energy expenditure at rest, which is considered 

to represent 3.5 milliliters oxygen per kilogram bodyweight and minute (ml/kg/min)23. If 

the rate of energy expenditure during PA is obtained, it is possible to categorize it 

according to METs by dividing the measured metabolic rate by the resting metabolic rate 

(RMR)23. 

In the literature, there are established terms for different ranges of intensity. Sedentary is 

usually described as “any waking behavior characterized by an energy expenditure ≤ 1.5 

METs24 while in a sitting or reclining posture”, while the definition of inactivity has been 

proposed to describe individuals who “are performing insufficient amounts of MVPA (i.e., 

not meeting specified physical activity guidelines)”25. However, the two terms are 

sometimes used interchangeably in the literature. Light intensity PA (LIPA) is activities of 
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1.5 < 3 METs, moderate intensity PA (MPA) is activities of 3 < 6 METs24, moderate and 

vigorous intensity PA (MVPA) means activities >3 METs, and vigorous intensity PA 

(VPA) means activities >6 METs26. Sometimes the additional category “high intensity PA”, 

representing activities > 9 METs, is used24. However, this intensity range is often included 

in the MVPA, or VPA, range26. Thus, METs are a means to standardize the intensity of 

different types of PA regardless of how the activity was measured, to enable comparisons 

between individuals, groups, and populations, based on the 3.5 ml/kg/min RMR standard 

(the most common approach) or measured RMR (a less common approach). 

Estimation of energy expenditure or intensity of PA measured with subjective methods, can 

be done using lists of MET values for numerous types of activities27-29. The actual energy 

cost will, however, differ from the estimated energy cost, depending on individual 

differences in body mass, body constitution, age, gender, efficiency of movement, the 

surrounding environment28, and the method used to estimate the intensity of PA. 

Discrepancies are often caused by the inability of different methods to measure relative 

intensity30. 

Absolute intensity is expressed independent of the individual’s capacity. It is commonly 

expressed in calories expended, METs13, or oxygen consumed per time unit, Watts, or 

speed, and so forth. Relative intensity may be described with the same measures but 

expressed in relation to the individual’s maximal capacity, sometimes also adjusted for the 

resting level. A good example is percentage of maximal heart rate as a measure of intensity 

for aerobic work. 

In recent years, prolonged sedentary behavior has been recognized as being associated with 

large waist circumference, high levels of triglycerides (TG), low levels of high-density 

cholesterol (HDL), high blood pressure, and high levels of fasting blood sugar, and with 

cardiovascular morbidity and mortality, independent of regular exercise31-35. However, 

simple measures, such as disrupting sitting with shorter bouts of LIPA, decreases the above 

risks31, 36. MVPA has been considered to occur at the expense of sedentary behaviors, but 

later research has shown that such associations now are rare37, and sedentary behavior has 

been found to mainly limit daily LIPA. It is therefore important to assess not only time 

spent in MVPA but also time spent sedentary and in LIPA. 

1.2 Physical fitness 

Physical fitness may be defined as an individuals ability to function efficiently and 
effectively during occupational and leisure time PA (LTPA), and to meet emergency 
situations. Caspersen, Powell, and Christenson have defined physical fitness as a ‘‘set of 
attributes either health- or skill-related”21. It is very common that the term refers to aerobic 
fitness (e.g. maximal oxygen consumption)26, but the term is equally valid for balance and 
muscular strength, for example. In this thesis, the term refers to a set of characteristics that 
relate to the ability to perform a specific, or a given set of, physical activities. Further, 
because physical fitness depends on age, gender, body size, health status, and adiposity28, 30, 
it is important to consider such variables when analyzing physical fitness data. 

1.3 Health 

It lies in the nature of the concept of health to vary in definition as subjectivity is part of 

how it is defined. However, in natural sciences, it is useful to define the concept so that it 

can be quantified and used in statistical analysis. This does not exclude subjective aspects 

of health, but in each regard health needs to be defined so that each statistic represent an 
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aspect of health that is of actual importance to individuals. An often cited definition is 

“Health is a state of complete physical, mental and social well-being and not merely the 

absence of disease or infirmity”, presented by WHO in 194638. In 1986, the Ottawa Charter 

for Health Promotion, organized by the WHO, was signed. This document touches upon the 

definition of health, but in the scope of health promotion. Thus, no other definition of 

health has been agreed upon internationally since 1946. However, the WHO definition has 

been criticized for being utopian and untimely39. The “ability to adapt and self-manage in 

the face of social, physical, and emotional challenges”, according to a recently proposed 

definition39. By the WHO definition, virtually none of us are healthy, and the latter, more 

recently proposed definition might be difficult to quantify. For scientific hypothesis testing 

it is therefore necessary to define health, and the units in which it is measured, for each 

health concept or construct separately. This may not have to be more advanced than asking 

“How would you assess your health?” and have the respondent to rate his or her health on a 

scale from one (very bad) to five (very good)40. This specific question have been used in 

many studies and is a strong predictor of mortality40-42. 

1.3.1 Health related quality of life 

The Centers for Disease Control and Prevention describe health-related quality of life 

(HRQoL) as “a broad multidimensional concept that usually includes self-reported 

measures of physical and mental health”43. It is important to underline that HRQoL is based 

on individuals’ own perceptions of their situation and health status. 

Rehabilitation from disease improves HRQoL which can increase PA and vocational status. 

This may in turn further improve HRQoL and reduce mortality44. Measures of HRQoL are 

used to evaluate how much a treatment increases or decreases a patient’s “life worth living” 

and/or ability to function mentally, physically or socially. HRQoL is important to assess 

when calculating the burden of diseases45, 46, and when evaluating the effects of medical 

treatments47. This is apparent when searching the web, or databases such as PubMed and 

MEDLINE, for “health-related quality of life”. However, there is little consensus regarding 

the concept of HRQoL in the literature, and diverse disciplinary interests sometimes makes 

it difficult to compare findings from different studies48. 

A significant part of the societal costs of inactivity is due to its association with mood and 

anxiety disorders16. The prevalence of anxiety disorders among older adults range from six 

to ten percent49, and depression prevalence is >16 %50. However, in the elderly (≥60 years), 

the level of PA and HRQoL are positively associated51, and exercise may prevent dementia, 

improve cognitive function52, alleviate symptoms of Parkinson’s disease53, and preserve 

certain brain networks and structures52. Unfortunately PA decreases with increasing age54. 

PA interventions are therefore a promising alternative in this age group. 

1.3.2 Interpretation of risk 

Measures of PA, sedentariness and levels of biomarkers, may have vastly different 

implications depending on whether they represent a whole population, a group, or an 

individual. In a whole population with high levels of obesity it is likely that a certain 

proportion of the obese individuals will develop diabetes with subsequent cardiovascular 

disease. But one single obese individual may not at all suffer adverse effects due to obesity 

even though he or she is under risk in a statistical sense. It is therefore important to take 

into account a broad spectrum of determinants and markers of health, and diseases, when 

analyzing health. Further, when presenting risk estimates, the perceived control of different 

risk factors and markers is of importance. Regarding risks associated with lower perceived 

control, such as getting hit by a car in traffic for example, the threat of the statistical risk is 
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typically interpreted as worse than a risk associated with a higher perceived control, such as 

over-eating, a sedentary lifestyle, or a high level of alcohol consumption. When 

communicating life-style related risks, it is therefore important to emphasize these risks, 

and to explain their amplitude, as most lifestyle risk factors tend to fall under the high-

perceived control category. 

1.4 Assessing physical activity 

With regard to estimating PA energy expenditure, doubly labelled water (DLW) is the gold 

standard for determining long-term PA levels (i.e. carbon dioxide output, which is in direct 

proportion to energy expenditure) in free-living conditions22, 55, 56. But the method is costly 

and difficult to use in larger studies and it only provides a total measure for four to twenty 

days55. The gold -standard for measuring energy expenditure in a laboratory setting, is 

direct calorimetry, i.e. the use of a metabolic chambers. This method produce continuous 

estimates of energy expenditure, that is, heat production, over time57. Measurement of the 

physiological responses to PA is also common. Methods for field estimates of PA include, 

for example, heart rate monitoring (e.g. telemetry), respiratory minute volume 

(respirometry), the use of motion sensors (e.g. accelerometry), the monitoring of sweat 

gland activity (e.g. skin conductance response), as indicators of aerobic work57. 

However, PA is a complex construct58 which may be quantified according to a multitude of 

sub-constructs. Thus, there is not one single method that can fully capture this complexity 

so indirect measures must be used. Subjective methods, such as questionnaires, are 

historically the most commonly used for the measurement of PA in large populations in 

attempts to establish dose–response relationships linking morbidities, mortality, and health 

to the intensity and volume of habitual PA57, 59. Questionnaires are easy to use, and at a low 

cost, but their reliability and validity are limited60-62. The measurement method should be 

selected after thorough consideration of, among many things, the purpose for the 

assessment, the PA construct(s) of interest, and characteristics of the target population30, 59. 

Direct observation was one of the earlier methods for quantifying PA, but it requires 

experienced observers, is labor intensive, and is sometimes not even considered an option 

for PA assessment59. It has mainly been used to assess worker efficiency, performance in 

sports, and the daily energy cost of manual labor57. Measurements of the distance walked 

(odometers, for example) and data collected with pedometers have traditionally been used 

in studies of body movement patterns. Even though useful for many research purposes, 

these methods’ inherent measurement errors inhibits more detailed scientific 

interpretation59. Accelerometry is a more recent method for the assessment of body 

movement patterns. However, there is no gold -standard for wearable monitors59. In some 

studies, accelerometer measurements have been supplemented by data from global 

positioning systems (GPS) (which sometimes are used as a stand-alone method) and 

devices that record sound, light intensity, barometric pressure, humidity and ambient 

temperature. Other recent methods for assessment of human movement patterns include 

ultrasound, and magnetic, infra-red, and radio frequency sensing57. 

To estimate relative intensity, information on the individual’s maximal capacity is needed. 

This information is usually not available in epidemiological studies. The participant may be 

asked to provide proxy data for relative intensity, like rating an effort as light, moderate, or 

hard. However, this interpretation depends on age, physical fitness, culture, experience, 

psychological characteristics of the respondent, and duration of the activity, and sometimes 

the phenomenon social desirability will affect the response. The above may explain some of 

the discrepancies between concurrent objective and self-reported measures of PA63. 
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It is important to distinguish between absolute and relative intensity, and perceived 

exertion64. Breathlessness and onset of sweating have been found to be good indicators of 

VPA57, and self-rated exertion measured with the Borg scale is a way to determine relative 

intensity of PA65. An example of when the perceived exertion becomes important is 

presented by Lee and colleagues who found an inverse association between perceived level 

of exertion rated by the Borg scale and risk of coronary heart disease (CHD), even among 

the sub-group inactive men, while no association with CHD was found for energy expended 

during PA, the absolute intensity of the activities, or coronary risk factors. They concluded 

that recommendations for MVPA may need to be individually tailored instead of 

prescribing activities merely based on their MET score66.  

Technologically advanced methods to assess PA energy expenditure, such as the Douglas 

bag method, were used as early as in the early twentieth century within work physiology 

research. Around the same time, methods to measure maximal oxygen uptake (VO2max), 

attracted attention. Recently, physical fitness, i.e. VO2max, has been suggested to be not 

only a proxy of an individual’s PA level, but the more important factor of the two regarding 

morbidity and mortality57. Due to technological advancements, objective methods for 

estimating PA are now recommended for use even in large-scale studies67. 

The PA assessment research field strives to improve accuracy and validity of different 

methods. One may ask why this is necessary. Wareham and Rennie have provided a good 

compilation of answers to that question. It is needed for specifying which aspects of PA are 

important for certain health outcomes, for more accurate assessment of the effect of 

treatments, for monitoring of temporal trends in PA, and for the assessment of effects of 

interventions22. The topic of assessing PA is further discussed in the section on 

methodological considerations below. 

1.4.1 Accelerometry 

Accelerometers are electromechanical devices that measure acceleration. They are found in 

common products such as smart phones, cars, computers, and gaming console controls. 

They measure acceleration with a mass inside the device that is displaced by movements, 

and a spring that then accelerates the mass. The displacement between the mass and the 

casing, and the time for the two to reach the same velocity, are then used to calculate the 

acceleration. The bandwidth of an accelerometer is the number of times per second it can 

make a reliable acceleration measurement. For human movements a bandwidth of 50 hertz 

(Hz) may suffice. Among the objective methods, accelerometry has become very common 

for assessing PA and sedentariness in populations under free-living conditions. The method 

may be used to compare time spent sedentary and active, and frequency, intensity, and 

duration of these behaviors, between groups of individuals55, 68, and has been described as 

the “minimum standard in epidemiological research”69. 

Several different methods to categorize accelerometer data as sedentary time, or time spent 

in LIPA, MPA, or VPA, are in use. This is done by an automatic, and brand- and model 

specific, conversion of the measured accelerations to the format “raw counts” which are 

recorded with a frequency of 1- 64 times per second70. A microcomputer chip then process 

each data point, which commonly is referred to as “filtering” or “signal processing”, and a 

second conversion occurs, delivering the accelerometer output counts per time unit. The 

time unit is referred to as an “epoch” and the data is most commonly reported as counts per 

minute (cpm)70. The newer generations of accelerometers enable the researcher to use the 

raw counts format, and change sampling frequency, and to choose epoch length after the 

data collection. Several calibration studies have provided brand-, model-, and filter specific 

accelerometer counts cut-offs, for characterization of epochs as sedentary, LIPA, MPA, 
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VPA, or even higher intensity PA. These methods include the more common cut-offs 

presented by Freedson71, Troiano72, and Matthews73, but there are other frequently used 

methods as well, such as individual calibration, or the cut-offs presented by Marshall74, 

Tudor-Locke75, Colley76, Wong77, Kumahara78, and Ohkawara79, for example. Due to the 

complexity of accelerometry, the method is further discussed in the methodological 

considerations section below. Examples of different studies where these cut-offs have been 

used are presented in Table 1. 

1.4.2 Pedometry 

Pedometers measure the number of steps taken over a defined period of time. Pedometers 
are a type of motion sensor that are low-cost, unobtrusive, and accurate80-83, and their 
output is easily comprehensible. They are typically placed on the hip and respond to 
vertical accelerations of the hip during gait cycles80. The outcome, the number of steps, is a 
rather crude measure of PA as it doesn’t provide data on duration, frequency or intensity. 
The method is also limited to movements in the vertical plane, and shares many of the 
limitations of accelerometry (see methodological considerations below), as it is insensitive 
to relative work load, water activities, and the movement of limbs that do not affect the 
pedometer. Newer pedometers may log number of steps per minute, which brings the 
method closer to accelerometry. Nevertheless, the vast majority of studies present 
pedometer data in number of steps taken per day. Findings from several different studies 
show that total daily step counts may be used to determine whether an individual is 
sufficiently active or not84-86. 

1.4.3 Questionnaires 

Questionnaires for the study of PA under free-living conditions have been used for more 

than 50 years59, 64. Self-report is the most common method for PA assessment within 

epidemiology57, but questionnaires are known to have limited reliability and validity60, 61. 

They are sensitive to cognitive, socio-cultural, and psychological sources of error87. 

Questionnaire estimates are easily affected by, for example, recall bias88, over-reporting59, 

88, 89 and social desirability62. Nevertheless, questionnaires are cost-effective; enable quick 

collection of large amounts of data55; are sometimes the only feasible option, or even the 

best option59; may be suitable for measuring MVPA88; and are still needed for 

comprehensive assessments of PA64, 67, 90. Others have suggested that self-report PA 

instruments may be more useful if used in conjunction with objective measures of aerobic 

fitness63. However, PA guidelines are primarily based on questionnaire data, thus PA 

questionnaires are far from obsolete64. There are also several single questions that have 

been found to produce useful proxy measures of level of fitness, and may predict morbidity 

and mortality, such as the Saltin-Grimby Physical Activity Level Scale (SGPALS)91, and 

simpler questionnaires may be better than more extensive ones for identifying the 

insufficiently active67, 92. 

 
Validating questionnaires 

Within many areas of research, as well as in the health-care, self-report methods are often 

the only way to collect data. It is thus important for each questionnaire to be valid for its 

purpose. There are many different methods to validate self-report tools, and the suitability 

of different methods varies with the questionnaire and its purpose22, 93, 94. It is also 

important to validate a questionnaire in a sample similar to the target population in which it 

will later be used22, 94. If there exists a suitable objective reference method, that should be 

the first choice22. Otherwise, a self-report standard may be used94, but some argue that such 

a comparison is not an actual test of validity22. Further, because PA questionnaires are most 
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commonly used to measure PA under free living conditions, it is important to validate each 

respective tool under these conditions. 

The outcome from many PA questionnaires is MET minutes, or calories expended, which 

are derived by using a table of intensities for the most common physical activities27-29. This 

outcome may then be compared to indirect calorimetry data from, most commonly, the 

DLW method. However, under free living conditions, there is no way to objectively 

document the actual different types of activities that the respondents report, except by 

having video cameras attached to them. But in most scenarios it is possible to rank order the 

respondents with regard to self-reported PA level and compare that to how they are rank 

ordered according to accelerometry, pedometry, heart rate monitoring, or DLW, to name 

some common reference methods62, 94. When direct observation is not possible, 

accelerometry has been suggested as a good criterion method for validating PA 

questionnaires due to its many practical advantages93, 95. 

Improved questionnaire assessment of PA level is important for etiological studies, for 

tracking trends in PA in populations, for comparisons between populations, and for 

monitoring the effect of interventions22. 

1.4.4 Physical activity diaries 

Diary records are time consuming but can provide useful information on PA, which is 
especially helpful if it is combined with objective PA measurements57. Strengths of the PA 
diary method include the breadth of detail about each PA performed59, the low cost of 
administration, the large sample size capacity, and the possibility of tailoring the method to 
the population and study goals96. Limitations are that the diaries may encourage the 
participant to greater PA, the accuracy of entries have been seen to decrease after the first 
days of recording, and inactive individuals sometimes tend to simplify their entries by only 
recording VPA. In spite of these problems, PA diaries have been shown to be useful in 
several studies, but the method is most accurate for more stereotypical activities57. 

1.5 Physical activity as prevention 

A physically active lifestyle has major advantages compared to an inactive lifestyle with 

regard to cardiovascular morbidity and mortality, as well as total mortality97. Swedish data 

from 2012 show that CHD continued to be the leading cause of death in spite of a decline 

over the last 25 years. PA is an important protective factor to take into regard in both 

primary and secondary prevention of, for example, diabetes type 2, dyslipidemia, and 

obesity, and may subsequently provide indirect protection against CHD98. One of the 

mechanisms for this is the positive effect of PA on aerobic fitness, which has a strong 

protective effect against overall mortality and CHD99. Hence, regular PA is important in the 

modern health care system, for both prevention and treatment. It is also important for health 

equality as inactivity and its adverse effects are more prevalent in disadvantaged and 

marginalized groups16. 

1.5.1 Physical activity recommendations 

Recommended PA levels are more or less uniform worldwide, typically at least 150 

minutes per week of MVPA18, 100. It is also common that the recommendations are 

expressed as “at least 30 minutes of daily MVPA”, a level of PA that has been shown to 

facilitate good health and reduce risk for diseases56. Both lower and higher levels of PA has 
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been shown to have advantageous effects on health, but due to strong scientific support the 

consensus of what constitutes a health promoting PA level is the 30 minutes per day, or 150 

minutes per week. This recommendation is found in important guideline documents 

published by, for example, the WHO101, the Fifth Joint Task Force of the European Society 

of Cardiology and collaborators102, and the American College of Sports Medicine together 

with the American Heart Association100. Some guidelines, for example in Sweden and 

Australia103, also include recommendations on daily sitting. The Swedish National Board of 

Health and Welfare (SNBHW) recommends that prolonged sitting should be avoided, or at 

least, if possible, interrupted with regular breaks of a few minutes each, preferably 

including “muscle activity”. This recommendation includes those already reaching the 

above PA recommendations as well104. 

The Swedish national PA guidelines were produced by Professional Associations for 

Physical Activity105 and adopted by the Swedish Society of Medicine in 2011. These 

guidelines say that the 150 minute of weekly MVPA also can be accumulated via 75 

minutes of VPA, or a combination of the two, and should preferably be performed in bouts 

of at least 10 minutes and spread across most days of the week. The PA should be aerobic 

and increase the heart rate and ventilation. Strength training twice weekly is also 

recommended, and should include the larger muscle groups18. 

1.6 Level of physical activity and sedentariness in different populations 

There is heterogeneity in the literature due to the lack of a gold -standard for measuring 

PA67. It is therefore difficult and sometimes impossible to compare outcomes from different 

studies. Nevertheless, the use of objective methods to assess PA provide the opportunity to 

better capture different aspects of the movement pattern, such as the intensity, volume and 

distribution of both PA and sedentary behaviors throughout the day64. Below are the 

findings of a literature search of studies where accelerometers were used to measure PA. 

This selection criterion was chosen because of the wide-spread use of accelerometry for 

objective PA assessment in free-living conditions. Relatively few studies that used 

randomized sampling methods and accelerometers were found. Therefore, baseline data 

from some cohort studies and randomized controlled trials (RCT) are presented as well. 

The results are reported in full in Table 1, and a summary of the results is presented in 

Table 2. 

The most recent Swedish population data for PA level measured with accelerometry from 

the 2008 Attitude Behavior and Change (ABC) study follow-up assessments where the 

participants (18-75 years), randomly selected from the whole nation, were found to spend 

61 % of their time sedentary, 35 % in LIPA, and 4.2 % in MVPA 106, and from the Swedish 

Neighborhood and Physical Activity (SNAP) study where the participants (20-65 years), 

randomly selected from the Stockholm region, were reported to spend 4.9 % in MVPA and 

35 % of them exhibited sufficient level of MVPA in bouts of at least 10 minutes 107. 

Regarding the original ABC study sample from 2002 the proportion of sufficiently active 

individuals was reported to be 52 %, or 1 % if only the time spent in MVPA in ≥10 minutes 

bouts was counted108, 109. Further, in 2004, a sample of women (56-75 years), from the 

Swedish Mammography Cohort in central Sweden, were found to spend 74 % of their time 

sedentary, 16 % in LIPA, and 3.6 % in MVPA, and 31 % of them exhibited a sufficient 

level of MVPA in bouts of at least 10 minutes110 (Table 1).  
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Table 1   Level of physical activity and sedentariness assessed with accelerometers in different samples representing six continents 

 
Age (SD) in 

years 
Accelerometer 

Brand, model(s) 
Accelerometer 

cut-points 

Sedentary 
time in 

minutes/day 
(percentage) 

LIPA in 
minutes/day 
(percentage) 

MVPA in 
minutes/day 
(percentage) 

MVPA in 
bouts in 

minutes/day 
(percentage) 

Percentage of 
sample with ≥150 
minutes weekly 

MVPA 

regardless 
of bouts 

in 
bouts 

North America          

USA6, 31, 111-116 ≥18 Actigraph, 7164 Troiano72 or Freedson71 485 (58)*§ 345*§ 17 - 23*§ 3 – 8*§ 16.2 - 34§ ~3*† 

USA35 ≥60 Actigraph, 7164 Troiano 72 570 (65)  5*    

USA8, 72, 109 ≥18 Actigraph, 7164 Troiano 72   21 - 32*§ 6*  ~3.1*† 

USA117 40 – 75 activPAL Marshall118 & Tudor-
Locke75 

540   22*   

USA119 25 – 45 Actical Colley76 & Wong77   24.3    

USA120 18 – 65 Actigraph, 7164, 

71256, GT1M, or GT3X 
Freedson71 529*  33*    

Jamaica119 25 – 45 Actical Colley76 & Wong77   25    

Mexico121 20 – 65 Actigraph, GT3X Freedson71   32* 9* 58.6 13.9† 

Mexico120 18 – 65 Actigraph, 7164, 

71256, GT1M, or GT3X 
Freedson71 468  31    

South America          

Brazil120 18 – 65 Actigraph, 7164, 

71256, GT1M, or GT3X 
Freedson71 476  32    

Colombia120 18 – 65 Actigraph, 7164, 

71256, GT1M, or GT3X 
Freedson71 463  37    

Africa          

Nigeria122 18 – 65 Actigraph, 7164 Freedson71 409  48  30.6  

Cameroon, rural123 25 – 55 Actiheart Individually calibrated 923 410* 107 34*  62 

Cameroon urban123 25 – 55 Actiheart Individually calibrated 1026 351* 62 28*  39 
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Table 1   Continued          

 
Age (SD) in 

years 

Accelerometer 

brand (model) 

Accelerometer 

cut-points 

Sedentary 
time in 

minutes/day 
(percentage) 

LIPA in 
minutes/day 
(percentage) 

MVPA in 
minutes/day 
(percentage) 

MVPA in 
bouts in 

minutes/day 
(percentage) 

Percentage of 
sample with ≥150 
minutes weekly 

MVPA 

regardless 
of bouts 

in 
bouts 

South Africa119 25 – 45 Actical Colley76 & Wong77   38    

Ghana119 25 – 45 Actical Colley76 & Wong77   35    

Actical Actical Actical Actical Actical Actical Actical Actical Actical Actical 

Europe          

Europe7 30 – 60 Actigraph, 7164 Freedson71 527 (60)* 327 (37)*  12 (1.4)*   

Sweden107 20 – 65 Actigraph, GT1M Freedson71   42   35† 

Sweden110 56 – 75 Actigraph, 7164 Matthews73 703 (74)* 150 (16*) 103 (10.8*) 34 (3.6)*†  31† 

Sweden124 18 – 65 Actigraph, 7164 Matthews73 466 (56)      

Sweden106, 109 18 – 75 Actigraph, 7164 Troiano72 493 (57) 341 (40*) 33 (3.8*)    

Sweden108 18 – 69 Actigraph, 7164 Freedson71 459 (55*) 340* (41*) 31 (3.7*)  52 1§ 

Sweden106 24 – 81 Actigraph, 7164 Troiano72 517 (61) 292 (35) 35 (4.2)    

Norway125, 126 20 – 85 Actigraph, GT1M Matthews73 & 
Troiano72 

545 (62*) 296 (34*) 34.1 (3.9*) 17 (2*) 22 20.4† 

Denmark120 18 – 65 Actigraph, 7164, 

71256, GT1M, or GT3X 
Freedson71 572  40    

UK120 18 – 65 Actigraph, 7164, 

71256, GT1M, or GT3X 
Freedson71 499  37    

UK127 60 - 64 Actiheart Individually calibrated 1212 (76)* 315 (20)* 71 (4.4)*    

France88 18 – 74 Actigraph, 7164 Freedson71 437* (53)  24 (2.9)* 3 (0.3)*   

Germany128 63.5(8.6) Actiheart Individually calibrated 1075*      
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Czech Republic120 18 – 65 Actigraph, 7164, 

71256, GT1M, or GT3X 
Freedson71 493*  47*    

Belgium120 18 – 65 Actigraph, 7164, 

71256, GT1M, or GT3X 
Freedson71 507  36    

Spain120 18 – 65 Actigraph, 7164, 

71256, GT1M, or GT3X 
Freedson71 544  51    

Asia          

China129 40 – 74 Actigraph, model not 
reported 

Matthews73 509 (62*) 237 (29*) 80 (9.7*)  98 (56 w. 
Freedson 
cut-offs71) 

 

Japan130-133 65 – 85 Lifecorder Kumahara78   17*    

Japan134 20 – 69 Lifecorder Kumahara78   32    

Japan135 30 – 64 HJA-350IT Ohkawara79 277 (39)*      

Japan136 18 – 84 Lifecorder Kumahara78  56* 22.5*    

Japan 137, 138 30 – 69 Lifecorder EX Kumahara78  57* 32.5*    

Hong Kong120 18 – 65 Actigraph, 7164, 

71256, GT1M, or GT3X 
Freedson71 542  45    

Australia          

Australia139 37.3(10.6) Actigraph, GT1M Freedson71 552 (65)* 262 (28)*  23 (3.3)*    

International          

International120 18 – 65 Actigraph, 7164, 

71256, GT1M, or GT3X 
Freedson71 513 (59)  31    

Note: In cases where there were multiple studies reporting from the same sample, or the same target population, the summary estimate found most representative of the 
sample/population is presented. See each respective reference for the differences between the original studies. SD, standard deviation; LIPA, light intensity physical activity; MVPA, 
moderate and vigorous intensity physical activity; bout, ≥10 minutes of continuous physical activity 
*calculated based on the previously published results, §variations due to different methods for data analysis and eligibility criteria, †allowance for interruptions of 1–2 min 
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Table 2   Un-weighted summary of levels of physical activity and sedentary time 

 
mean (95% CI) or 

*median (Q1‒Q3) 
min max 

SED (minutes per day) 580 (500‒660) 277 1212 

SED (%) 60 (55‒65) 39 76 

LIPA (minutes per day) 265 (197‒332) 56 410 

LIPA (%) 28 (21‒36) 16 37 

MVPA (minutes per day) 34 (28‒43) 5 107 

MVPA (%) 4 (4‒10) 3 23 

MVPA in bouts (minutes per day) 17 (9‒26) 3 34 

MVPA in bouts (%) 2 (1‒3) 0.3 4 

≥ 150 min MVPA/week (% of participants) 49 (24‒73) 22 98 

≥ 150min MVPA/week in bouts (% of participants) 23 (7‒39) 1 62 

Note: These summary measures are based on the central tendency measures reported in Table 1, and are 
here reported as un-weighted data expressed in minutes per day, percentage of waking time, or 
percentage of participants. CI, confidence interval; Q1 - Q3, first and third quartiles; min and max, 
minimum and maximum values; SED, sedentary; LIPA, light intensity physical activity; MVPA, moderate 
and vigorous physical activity; bout, ≥10 minutes of continuous physical activity 

A simple un-weighted summary reveals that approximately 60% of waking time was spent 

sedentary, 28% in LIPA, and 4% in MVPA, and that 23% of the participants were found to 

be sufficiently active (Table 2). This indicates that high levels of sedentariness and 

insufficient levels of PA may indeed be a global phenomenon, as pointed out by others20, 

140. 

It is interesting that the 2002 Swedish ABC study sample, which displayed the lowest level 

of sedentariness, also exhibited the lowest proportion of sufficiently active individuals, and 

that this estimate vastly differed between the studies while the percentage of time spent in 

MVPA did not do so to the same extent. Thus, more studies are needed due to public 

health-, societal-, and health care system implications of different levels of PA and 

sedentariness in the Swedish population. 

1.7 Physical activity as treatment 

As pointed out by the WHO, health care providers are key players for the promotion of PA 

in many societies101. But despite the fact that PA can be used both for prevention and 

treatment of various diseases and risk factors18, it is still an underused method in the health 

care system39, 141, 142. A big challenge ahead is the implementation of prescribing PA as a 

natural part of the operational process in the health care system143, 144. Further, the body of 

literature regarding PA as treatment is already very large, but high quality trials that fully 

evaluate the health effects of counseling interventions that are the most applicable to 

primary care are needed145. Nevertheless, many high quality reviews have provided 

evidence of small but positive effects of PA interventions in primary care settings. But 

evidence of specific strategies and sample characteristics associated with greater 

effectiveness is still needed to enhance the implementation of interventions in the clinical 

routine141, 146. In 2013, Vuori, Lavie, and Blair chose to express the above like this: 

 

Because exercise is medicine, it should be seen and dealt with in the same 

ways as pharmaceuticals and other medical interventions regarding the 
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basic and continuing education and training of health care personnel and 

processes to assess its needs and to prescribe and deliver it, to reimburse 

the services related to it, and to fund research on its efficacy, effectiveness, 

feasibility, and interactions and comparability with other preventive, 

therapeutic, and rehabilitative modalities.141 

1.7.1 Methods to promote physical activity within the health care system 

PA as treatment within the health care system has historically been given in the form of 

advice (i.e. giving directives), or by referral to a physiotherapist. A more recent approach to 

deliver the treatment is through counseling (i.e. helping patients to identify their own 

issues) which, compared to advice only, may increase the effect on PA by 15 % to 20 %, 

and by adding PA on prescription (PAP), the use of pedometers, a PA diary, or similar 

methods, the effect may be further increased by 15 % to 50 %, as concluded in a review 

from 2007147. Another review from 2015 showed that, overall, interventions in the primary 

care to promote PA showed small to moderate advantageous effects on PA levels, and that 

interventions that included multiple behavioral change techniques and those targeted to 

insufficiently active patients produced the better results146. There are many different 

methods and initiatives, internationally, for promoting PA within a clinical setting, such as 

the exercise is medicine initiative, PAP, and exercise referral schemes. 

Different methods vary in cost-efficiency and range from no effect, to important and 

clinically relevant effects. Valuable reviews and comparisons of methods have been 

published by others. Orrow and colleagues published a review and meta-analysis of the 

effectiveness of PA promotion based in primary care in 2012. They found insufficient 

evidence for PA promotion over advice or counseling interventions148. Another recent 

review by Pavey et al published the same year corroborates these findings. They evaluated 

trials where PA promotion was compared to usual care, no intervention, or alternative 

versions of PA promotion149. The above findings are in line with another systematic review 

by Pavey et al published in 2011150. However, further scientific evaluation is called for in 

the same articles. And there are difficulties in reviewing the effect of different models 

because they are of different constructs, provided to different populations or patient cohorts 

in different sociocultural environments. In this thesis, focus lies on the Swedish PAP 

model. 

 
Swedish PAP 

There are different PAP models from Denmark151, the Netherlands152, and Finland153-155 and 

they vary in construct to some extent. In Sweden, prescription of PA has occurred in certain 

counties since the 1980s. With the national effort “Sätt Sverige i rörelse 2001” (Get Sweden 

on the move 2001, authors translation), the prescribing of PA was formalized and named 

“Fysisk aktivitet på Recept” (FaR®) (Written Prescription of Physical Activity18), hereafter 

referred to as “Swedish PAP”. 

Swedish PAP is constituted on five cornerstones, which are: (i) individualized patient-

centered counseling; (ii) the guidelines in the book FYSS (Physical Activity in the 

Prevention and Treatment of Diseases105); (iii) written PA prescriptions, (iv) follow-up 

assessments; and (v) collaboration between the health care system and, for example, sports 

clubs, retiree- or patient associations, municipal facilities, and private actors18, 156. 

The Swedish PAP model guides the patient to exercise, in various forms, outside the health 

care system. Collaboration with experienced societal organizations offering sports- and 

leisure opportunities is an essential part of the concept, but the prescribed exercise can also 
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be life-style based PA outside formal programs. It can be issued to both healthy and ill 

individuals, to prevent or treat illness157. A good summary of the model is given by 

Raustorp and Sundberg158. 

Several studies have evaluated the efficacy of Swedish PAP, and it has also been 

recognized internationally as a good and efficacious method141. It has been shown that 

Swedish PAP increases PA and improves blood pressure, resting heart rate, body mass 

index (BMI), waist circumference, total cholesterol, and aerobic fitness, in hypertensive 

patients159. In an RCT including overweight older adults, PA, body weight, and the level of 

cardiometabolic biomarkers improved significantly in favor of the participants who 

received Swedish PAP157, 160. The effect of Swedish PAP on HRQoL has been assessed in 

an uncontrolled clinical study. Significant increases in all but one of the International 

quality of life assessment 36-Item Short Form Health Survey (SF-36 161) domains and in the 

EuroQoL 5 Dimension Quality of Life Scale162 were found163. The effect of Swedish PAP 

on PA level has been evaluated in a study that set out to analyze the costs and consequences 

of changing PA behavior through a four month program. The Swedish PAP group 

displayed a borderline significantly larger decrease in proportion of inactive individuals, -

47 % versus -34 %, p=0.053. With regard to HRQoL, the treatment that the control group 

received was found to be more cost-effective. Swedish PAP was found to be most effective 

for inactive individuals with moderate health status at baseline. It was concluded that 

Swedish PAP might reduce societal costs for inactivity by 22 % per individual and year, 

and that the prescription of PA, in itself, is a worthwhile tool for the healthcare service164. 

However, two of the three weekly occasions of PA were supervised group exercise sessions 

limited to specific types of PA, and the control group was also invited to participate in one 

supervised group exercise session per week. Thus, the major difference between the two 

groups may have been the behavioral aspects of Swedish PAP only. Further evaluation of 

Swedish PAP was presented in a thesis in 2015 by Rödjer. He found significant 

advantageous changes in PA level and in HRQoL that remained after 12 and 24 months, 

respectively, and also found that Swedish PAP was cost-effective165. Thus, Swedish PAP is 

a promising method, however, it is in need of further scientific evaluation147.  
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2 THIS THESIS 

2.1 Relevance 

This dissertation revolves around studies of PA, health, and markers of poor health, disease 

and mortality, and how PA may be assessed, in adult humans. An overview is presented 

below in Figure 1. 
 

Paper I 

Due to the cost-efficiency and low administrative work load of questionnaires there is still a 

need for such tools within the clinical setting. Therefore, the SNBHW recently designed 

two PA indicator questions, referred to hereafter as “the SNBHW PA -questions”. They are 

intended for use in the health care system to identify patients in need of increased PA, to 

evaluate the effect of treatment in both individuals and groups, to provide a basis for the 

dialogue of habits and lifestyle with patients, and for creating patient reference data and 

data on the progress of PA promotional work within the Swedish health care system18, 166, 

but they have not been validated. The SNBHW PA -questions can be answered via three 

distinctly different answer modes. Findings of potential differences in validity between the 

three answer modes will provide general information on how to best design new 

questionnaires. This is important because accurate assessment of the PA level of patients is 

a key component in many different methods for promoting PA18, 144, 148, 167. 

 
 

 

Figure 1   The topics in this thesis and how they are related 
Note: PA, physical activity; HRQoL, health-related quality of life 
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Paper II 

There is a lack of detailed data regarding the characteristics, amount and distribution of 

daily PA and sedentariness in the Swedish middle-aged population. This is especially 

important to map out as this population strata is burdened by major lifestyle-related 

diseases (i.e. cardiovascular disease and type II diabetes). Further, the proportion of the 

middle-aged population currently reaching national recommended levels of PA, assessed by 

objective methods, is unsatisfactorily charted. 
 

Paper III 

Self-reported health is a strong predictor of future health and all-cause mortality168, 169, and 

both self-reported health and self-reported fitness have been found to independently predict 

mortality170. Level of physical fitness affects mortality rates, even after adjustment for 

fatness171. However, numerous factors influence one’s health. For example, HRQoL has 

been shown to be associated with level of PA172-174 and physical fitness175. Socioeconomic 

and structural societal factors may also correlate with perceived health and changes in these 

factors have occurred in the society over the last decades. Major lifestyle changes have also 

occurred globally, towards more time spent sedentary and less time in PA106, 176, a 

phenomenon described as a global pandemic20. The interrelations and the relative 

importance of these different determinants of health are largely unknown, and even less is 

known about any changes in their relative importance over the last 25 years. 
 

Paper IV 

The proportion of adults over 65 years in the population is increasing worldwide. Because 

most chronic diseases manifest later in life, and PA decreases with age, it is urgent to 

develop and evaluate methods for promoting PA and HRQoL in the elderly177. In Japanese 

older adults, cross-sectional data indicates a positive association between PA level and 

HRQoL130. Controlled studies have also shown positive casual effects of PA on HRQoL149, 

178, 179, but studies that lack such results are also prevalent180-182. More high quality studies 

are needed before consensus can be reached51. Evaluations are needed of the effects on 

health of different models that specifically incorporates the prescribing of PA because the 

existing literature is inconclusive148-153. Further assessments of the effects on HRQoL of the 

Swedish PAP model, specifically, are needed as such literature is very scarce. 
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3 AIMS 

The main objective in this thesis was to evaluate a method for measuring PA level; and to 
measure the PA level and PA patterns; interrelations between self-perceived health, fitness, 
and important covariates over time; and to assess the effect of prescribed PA on health, in 
the Swedish adult population aged 20 to 70 years. This was divided into four specific aims: 
 

I. To assess the concurrent validity of the Swedish National Board of Health and 
Welfares physical activity questions and to determine whether the validity differs 
between different ways to answer these questions. 

 

II. To present descriptive data on Swedish men and women aged 50 to 64 years, 

including the amount and distribution of physical activity and sedentariness, and 

proportion of sufficiently active individuals, assessed by accelerometers. 
 

III. To assess the associations between perceived physical health and physical fitness, 

anthropometry, and demographical characteristics, and to compare differences in the 

relative importance for self-perceived physical health of the above variables, 

between genders and samples in data from three independent cross-sectional data 

collections from 1990, 2000, and 2013, in the Swedish population aged 20 to 65 

years. 

 

IV. To estimate the effect of the Swedish physical activity on prescription model on 

health-related quality of life in overweight adults aged 67 to 68 years. 
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4 MATERIALS AND METHODS 

4.1 Study populations 

 
The LIV-studies 

LIV 90183, 2000184, and 2013 are the three data collections in the LIV-study series. “LIV” is 
short for “Livsstil - Prestation – Hälsa” (Lifestyle – Performance – Health (authors 
translation). A sample from the Swedish population aged 20 – 65 years was randomly 
selected from the Swedish Population and Address Registry and invited to the study during 
1990 (n = 2400), 2000 (n = 2000), and 2013 (n = 3750) respectively. The different LIV-
studies were limited to selected counties which are presented in Table 3. The selection of 
counties depended on the capacity of the different collaborators for the practical tests and 
on a priori estimations of sample representativeness based on available population data. 
Test centers for the practical tests were in LIV 90 set up in collaboration with the national 
association Korpen183, in LIV 2000 with the occupational health service provider Previa 
AB184, and in LIV 2013 with the primary health care service within each respective county. 
All selected individuals were contacted via mail containing information on the study and a 
form for written consent. 
 
 
Table 3   The counties included in the LIV -studies 

  LIV 90 LIV 2000 LIV 2013 

Gotland   x 

Jämtland x   

Kalmar   x 

Norrbotten   x 

Skåne (Malmöhus*) x x x 

Stockholm x x x 

Södermanland x   

Värmland   x 

Västerbotten x x x 

Västmanland x   

Västra Götaland (Skaraborg**) x  x 

Örebro x x  

*In 1997, Malmöhus and Kristianstad counties became Skåne county, 

**Västra Götaland county was created in 1998 by merging Älvsborg, 

Gothenburg, and Bohus counties, and the major part of Skaraborg county 

 
 
The employee cohort 

All employees of a large Swedish company (n ≈ 2000), spread across Sweden, were invited 
during 2014 (employee cohort). The employee cohort was first contacted via e-mail, with a 
brief introduction to the study, by which they could sign up to receive a letter with further 
information and a form for written consent. 
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The SCAPIS pilot study 

The Swedish CArdioPulmonary bioImage Study (SCAPIS) is a major national effort to 
create a unique Swedish cohort for studies on cardiovascular disease, chronic obstructive 
pulmonary disease and related metabolic disorders185. The goal is to characterize Swedish 
men and women with regard to factors that are connected to cardiopulmonary and 
metabolic diseases in an effort to improve risk prediction, optimize the ability to study 
disease mechanisms, and enable more efficient prevention. The data collection is ongoing, 
and data are to be collected from 30 000 individuals from the Swedish population aged 50 
to 64 years. The SCAPIS pilot study included a sample of 2243 adults aged 50 to 64 years 
who were randomly selected from the Swedish Population and Address Registry, stratified 
for low and high socioeconomic status and limited to the city of Gothenburg. 
 
Older, overweight adults 

Participants were recruited from a sample of Stockholm county citizens who had taken part 

in a health screening survey in the late 1990s (n = 4232)186, 187. The original sample was 

randomly selected from the Swedish Population and Address Registry, and represented one 

third of the Stockholm county citizens born 1937–1938.  

4.2 Inclusion 

The inclusion criteria used in the study reported in paper I were having answered all three 

response modes of the SNBHW PA -questions and provided at least 4 days of 

accelerometer data containing ≥10 hours of valid wear time data per day of. The 

ineligibility criterion was inability to understand written and spoken Swedish sufficiently to 

provide informed consent. Before the fitness tests (the LIV 2013 cohort only) each 

participant was assessed for medical contraindications such as previous dissuasion from 

strenuous activities by a physician; chest pain induced by PA; and diseases, injuries or 

symptoms where physical exertion should be avoided. Out of the 507 participants from the 

LIV 2013 sample and the 588 participants from the employee cohort who had answered the 

questionnaire, 214 (42%), and 151 (26%), respectively, fulfilled the above criteria and were 

thus eligible for inclusion in the study. 

In the SCAPIS pilot study (paper II), each individual in the sample was sent a letter with an 

informational brochure asking the recipient to contact the study center via telephone, e-mail 

or letter. If no contact was made by the recipient, he or she would receive up to three 

reminders by telephone, and finally one by letter. The exclusion criterion was the same as 

in paper I. The study was advertised in local newspapers and television broadcasts. 

Employers in the catchment area were contacted and encouraged to support study 

participants with paid leave185. Out of the 2243 invited individuals, 1111 (50% women) 

agreed to participate in the study. 

Ineligibility criteria utilized in the study in paper III were confirmed invalid contact 

information, having migrated from Sweden or the respective county, and insufficient 

comprehension of Swedish. Individuals matching these criteria were consequently excluded 

from the net samples which then were found to be n=2203 (LIV 90), n=1357 (LIV 2000), 

and n=3357 (LIV 2013). The inclusion criterion was having answered the questionnaire and 

participated in at least one of the other assessments. Before the fitness tests each participant 

was assessed for medical contraindications as described above. These criteria left (total 

number (% of net sample) 1871 (85 %) from the LIV 90 sample, 1065 (78 %) from LIV 

2000, and 620 (18 %) from LIV 2013, who were thus included in the final analyses. 



 

 

  20  

In the study reported in paper IV, inclusion criteria were being insufficiently active (<30 

minutes MVPA per day), having a BMI between 25 and 40 kg per meters squared (kg/m2) 

and having a waist circumference ≥102 centimeters (cm) (men) or ≥88 cm (women). 

Exclusion criteria included self-reported pharmacological treatment for hypertension, 

hyperlipidaemia, type 2-diabetes, and serious chronic disease. In 2005, an invitation and a 

questionnaire were sent to 407 individuals who had met the inclusion criteria during the 

initial screening that took place between 1997 and 1999187. Out of the 246 individuals who 

agreed to participate in the 2005 questionnaire screening, 116 met the above inclusion 

criteria. 

4.3 Data collection and measurements 

To meet the aim of the study in paper I, data were collected with the SNBHW PA -

questions, accelerometers, physical fitness tests, venous blood samples, and a question 

regarding general health, in the LIV 2013 and the employee cohorts. In the SCAPIS pilot 

study reported in paper II, the participants underwent extensive tests over two days, 

including a questionnaire about life style and living conditions, and a submaximal 

ergometer cycle test188 (the other tests included, among many, imaging and functional 

studies of the heart and lungs185 (not reported here)). The participants were also asked to 

wear an accelerometer for objective registration of their daily movement pattern. The data 

collection in the study described in paper III encompassed the specific questionnaire items, 

a test-panel of physical fitness tests, and anthropometry measurements, that were identical 

across the three LIV-studies. In the study reported in paper IV, measurements were 

performed just before (baseline) and right after the six months intervention (follow-up), and 

included pedometry, anthropometrics, a venous blood sample, blood pressure, PA diary, 

and a questionnaire. The different objective and self-report measures used in papers I - IV 

are outlined in Tables 4 and 5, and described in detail below. 

 

Table 4   Overview of the objective measures used in this thesis 
   Paper 
Method Device/test What is assessed? I II III IV 

Accelerometry Actigraph GT3X and GT3X+ PA level x x   
Physical fitness tests Ekblom-Bak test VO2max x  x  

Åstrand Ryhming test VO2max   x  
 Counter movement jump Jump height x  x  
 One-legged standing Balance x  x  
Pedometry Yamax Digiwalker SW-200 PA level    x 
Anthropometry Clinical standard methods Height, weight, waist 

circumference, and BMI x x x x 
Sphygmomanometry Manual auscultatory Blood pressure x    
Phlebotomy Clinical standard methods Blood levels of glucose, 

insulin, TG, cholesterol, 
HDL, LDL, Apo A1, Apo B x    

Note: PA, physical activity; VO2max, estimated maximal oxygen uptake; BMI, body mass index; TG, 

triglycerides; HDL, high-density lipoprotein; LDL, low-density lipoprotein; Apo A1 & B, apolipoprotein A1 & B 

4.3.1 Accelerometry 

Actigraph accelerometers (model GT3X+ in paper I, and GT3X and GT3X+ in paper II, 
ActiGraph LLC, Pensacola, FL, USA) were used to objectively measure the daily 
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movement pattern. A strong agreement between the GT3X and the GT3X+ has previously 
been reported189, enabling them to be used interchangeably within the same study. As of 
early 2013, Actigraph accelerometers were the most validated accelerometers190 and are 
currently the most commonly used device to objectively assess PA in research studies191. 
They have been proven valid for measuring duration, frequency and intensity of PA192, 193. 
However, regarding energy expenditure expressed per kg body mass, the correlation 
between Actigraph activity counts (the brand specific acceleration based outcome) and 
DLW has been found to be as low as r=0.37190. Nevertheless, a correlation of r = 0.97 
between estimates of sedentary time by the GT3X and direct observation has been reported, 
and in the same study it was shown that the GT3X was able to detect reductions in sitting 
time194. In another study, GT3X cpm and oxygen consumption during treadmill walking 
and running displayed an association of r = 0.81195. GT3X+ output has been compared to 
energy expenditure concurrently measured by a portable indirect calorimeter in adults. The 
hip worn GT3X+ produced an average accuracy of 92.3% in predicting four activity types, 
that is, different PA intensities68. 

The GT3X-models are 3.8 cm x 3.7 cm x 1.8 cm, 27 gram electronic devices that record 
accelerations within the range of +/- 6 meters per seconds squared (m/s2) (specifications at 
www.theactigraph.com). They have a bandwidth suited to measure PA from 0.1 Hz up to 
the kHz range which encompasses the target frequency range of human PA195. A digital 
filter is then used to only record accelerations within the frequency range of 0.25 to 2.5 Hz 
which represents normal human motion195, 196. The complexity of accelerometry, and its 
advantages and limitations, is further elucidated in the methodological considerations 
section below. 

The accelerometers were mailed or handed directly to the participants (only the latter 
method was used in paper II), who were asked to wear the accelerometer on the right hip 
during all waking hours for seven consecutive days, but not when swimming, bathing, and 
such, and to return them in an enclosed prepaid envelope. The accelerometers and data files 
were handled with the software ActiLife 6.11 (ActiGraph LLC, Pensacola, FL, USA). The 
low frequency extension filter (further explained in the section methodological 
considerations below), 30 Hz sample rate, and idle sleep mode were utilized. Data was 
extracted in 60 second epochs and was expressed in cpm. Uniaxial (vertical axis) analyses 
were performed to facilitate comparisons with other studies. Four or more days with ≥10 
hours of data per day, after exclusion of non-wear time, were required for inclusion in 
analysis72, 197. All data files were analyzed simultaneously. 

Non-wear time was defined as ≥60 minutes of consecutive zero cpm with allowance of two 
minutes of ≤100 cpm72. Wear time was defined by subtracting non-wear time from 24 h. As 
wear time varied between study participants, the daily movement pattern is presented in 
both relative (percent of wear time) and absolute values (minutes per day). Absence of, or 
very low registrations (<100 cpm) were categorized as sedentary198. Intensities between 100 
and 2019 cpm (1.5 – 3 METs) were defined as LIPA (paper II), and intensities ≥1952 cpm 
(paper I), or ≥2020 cpm (paper II) (≥3.00 METs) were defined as MVPA71, 72. No 
distinction was made between moderate and vigorous PA. 

Measures of MVPA were: the mean of daily time spent in MVPA (MVPA minutes/day); 
the mean of daily time in MVPA in bouts of at least 10 minutes, (with allowance of 
interruption up to two minutes below threshold in paper II) (MVPA/day in ≥10 minute 
bouts); and the mean of daily percentage of time spent in MVPA (% MVPA). In paper II, 
mean cpm is also presented, which is a measure of overall daily PA intensity, that is, the 
total numbers of counts divided by minutes of wear time. 

In paper II, the number of and total time in sedentary bouts, and breaks per sedentary hour 
was calculated. A sedentary break was defined as an interruption in sedentary time from 
one minute of <100 cpm, to the following minute ≥ 100 cpm199. Expressing breaks in 
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sedentary behavior in number per hour has been suggested to be a more relevant measure 
compared to absolute number of breaks200. A prolonged sedentary bout was defined as ≥20 
minutes of cpm below 100, with no allowance for interruption above threshold, a definition 
which previously has been reported to be associated with changes in cardiometabolic 
biomarkers, blood pressure, and gene expression201-203. 

In paper I, because a large proportion of the participants did not provide seven valid days of 
accelerometer data, the recommended weekly 150 minutes of MVPA were divided by 
seven to enable classification of all participants. The percentage of the study population 
meeting recommended levels of PA was also calculated in paper II, but four different 
criteria were used: (i) accumulating 150 minutes of MVPA per week; (ii) accumulating 150 
minutes of MVPA per week in bouts of 10 minutes or more; (iii) accumulating 30 minutes 
of MVPA per day on at least five of seven days of the week; and (iv) accumulating 30 
minutes of MVPA per day on at least five of seven days of the week, of which all are from 
prolonged bouts of 10 minutes or more. For participants with less than seven days of valid 
data, the requirement was at least five sevenths of the valid days, i.e. four out of six, four 
out of five, or three out of four days. 

4.3.2 Pedometry 

To measure daily steps the Yamax Digiwalker SW-200 pedometer (Yamax Corp, Tokyo, 
Japan)80, 82 was used, and the participants were instructed to wear it at all times for seven 
consecutive days, except when sleeping, bathing, or showering. The participants were 
instructed to register daily steps in a preprinted seven day PA diary during the week of the 
baseline and follow-up assessments, respectively. It has been shown that pedometry is the 
most cost-effective method for ranking older adults by their PA level204, and the method has 
been shown to accurately measure steps in normal weight, overweight, and obese 
individuals205. It has also been suggested that the method is suitable for older adult study 
samples because the low intensity movement patterns, that is, little inter-individual 
variation in intensity per step, and because walking is a prevalent PA mode among the 
elderly148, 167, 204. (paper IV) 

4.3.3 Physical fitness tests 

The LIV cohort (papers I & III) underwent physical fitness tests. VO2max was estimated 

with submaximal cycle ergometer tests according to Ekblom-Bak188 in LIV 2013 (paper I) 

and according to Åstrand and Ryhming206 in LIV 90 and 2000 (paper III). Data from the 

Ekblom-Bak test may be recalculated into Åstrand Ryhming equivalents using the Åstrand 

nomogram207, which was done for paper III. The Åstrand and Ryhming test has shown 

good validity for population studies207 and may be the most frequently used test worldwide, 

in this regard. The Ekblom-Bak test is fairly new but, compared to online indirect 

calorimetry, it has been shown to be on par with the Åstrand-Ryhming test with regard to 

group estimates, but provides more precise individual estimates188. An indirect measure of 

explosive power of the lower limbs, jump height in cm, was assessed with a counter 

movement vertical jump with arm swing (CMJ)208. The equipment used was regular off-

the-shelf products. A measuring tape was attached to a waistband. The measuring tape was 

then mounted underneath a plastic ruler taped to the floor. Jump height was estimated by 

reading the position on the measuring tape by the edge of the plastic strip. The highest jump 

out of three was reported. Balance was assessed by having the participant balance on one 

foot on a 3 cm x 5 cm x 50 cm custom-made aluminium beam for 60 seconds, and was 

expressed as the number of times the participant lost balance, that is, needed to use the 

“free” foot for support209, 210. The specific jump and balance tests used in the LIV-studies 
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have not been validated. This is further discussed in the section on methodological 

considerations below. 

4.3.4 Other objective measures 

Height (cm), weight (kg) (papers I - IV), and waist circumference (cm) (papers I & III) 
were measured following standard clinical procedures using a standard stadiometer, scale, 
and measuring tape. BMI was computed as kg/m2 (papers I, II & IV). In the LIV 2013 
cohort blood pressure was measured in millimeters of mercury on both arms with the 
participant in a sitting position211 (paper I). Each participant were also mailed a referral for 
leaving a blood sample which could be done at any of the laboratories that were connected 
to the primary health care system in each respective county (except in Stockholm and 
Västra Götaland counties where this was limited to a list of circa 60 and 20 laboratories 
respectively). Fasting venous blood samples were collected and analyzed via accredited 
laboratories for glucose, insulin, TG, cholesterol, HDL, low-density lipoprotein (LDL), 
apolipoprotein A1 (Apo A1), and apolipoprotein B (Apo B). All blood test results were 
reviewed by a physician and all individuals that displayed adverse levels in any of the 
above blood biomarkers were mailed comments by the physicians and, if appropriate, 
recommendations on how to follow-up on the finding. (paper I) 

Table 5   Overview of the different self-reported measures used in this thesis 

   Paper 
Mode Item/tool Outcome I II III IV 

LIV 2013 
questionnaire 

SNBHW PA -questions PA level x    
How would you assess your health?  General health x  x  

SCAPIS pilot 
questionnaire 

SGPALS PA level  x   
How much time in a regular week do you 
spend physically active on an intensity level 
that makes you warm? 

PA level 

 x   
Two items regarding lifestyle, and 
demography 

EL and smoking 
 x   

LIV 90, 2000, 
and 2013 
questionnaires 

How would you assess your physical health? Physical health   x  
Several items regarding lifestyle, and 
demography 
 

Place of dwelling, 
chronic illness, smoking, 
EL, sleeping problems, 
downheartedness, 
satisfaction with life, and 
control of life situation   x  

PA diary Diary entries PA level    x 
Borg’s Rate of Perceived Exertion PA level    x 

Questionnaire Swedish short IPAQ Sitting time     x 
Leisure time PA during the last 12 months PA level    x 
SF-36 HRQoL    x 

Note: SNBHW, the Swedish National Board of Health and Welfare; PA, physical activity; SCAPIS, The Swedish 

CArdioPulmonary bioImage Study; SGPALS, the Saltin-Grimby Physiacl Activity Level Scale; EL, education level; 

IPAQ, the International Physical Activity Questionnaire; SF-36, International quality of life assessment 36-Item 

Short Form Health Survey; HRQoL, health-related quality of life 

4.3.5 The LIV questionnaires 

The self-administered LIV questionnaires mainly contain questions regarding PA, sport 

activities, exercise, and sedentary behaviors, but they also contain questions on perceived 

health, diseases, diet, and demographic information such as age, sex, place of residence, 

occupation, and education level. It is a blend of questions designed by the group of 

researchers who have worked with the LIV-studies, and nationally and internationally 
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established questions. The LIV 90, 2000, and 2013 questionnaires were not identical. 

Details on this are found throughout this thesis where each respective questionnaire item is 

described. (papers I & III) 

4.3.6 The Swedish National Board of Health and Welfare’s physical activity questions 

The SNBHW PA -questions used in the study presented in paper I were part of the LIV 

2013 questionnaire104, and reads as follows (author’s translation)  

1. During a regular week, how much time do you spend exercising on a level that 

makes you short winded, for example running, fitness class or ball games? 

2. During a regular week, how much time are you physically active in ways that are 

not exercise, for example walks, bicycling or gardening? Add together all activities 

lasting at least 10 minutes. 

The outcome from the first question is hereafter referred to as “exercise”, and the outcome 

from the second as “every day PA”. The questions can be answered via categories 

(Categorical), an open answer (Open) or by specifying the amount of PA for each day of 

the week (Table). These three modes were originally designed to generate a continuous 

outcome of total PA volume, so called “activity minutes”, calculated by multiplying the 

number of minutes of exercise by two (to account for a proposed higher intensity) and 

adding the product to the number of minutes of every day PA104. The Categorical mode 

outcome was handled as a scale instead of as the proposed “activity minutes”, but was 

calculated in the same manner. As it was derived from the six-graded response options it 

ranged from 3 ((1 x 2) + 1) to 18 ((6 x 2) + 6)). A translated version of the answer modes is 

presented in Figure 2. 

Categoricala 

 0 minutes  

 Less than 30 minutes  

 30–60 minutes (0.5 – 1 hour)  

 60–90 minutes (1 – 1.5 hours)  

 90–120 minutes (1.5 – 2 hours)  

 More than 120 minutes (>2 hours) 

A scaleb ranging from 
3 to 18 based on “0 
minutes”=1, to “More 
than 120 minutes”=6 

Open 

Answer in hours and/or minutes 
per week 

Number of activity 
minutesb per week 

Table 

 (minutes) 

Monday …………… 
Tuesday …………… 
Wednesday …………… 
Thursday …………… 
Friday …………… 
Saturday …………… 
Sunday …………… 
Total …………… 

 

Number of activity 
minutesb per week 

 

Figure 2   The Swedish 
National Board of Health 
and Welfare’s physical 
activity questions’ answer 
modes and outcome 
measures 

Note: Translation (from Swedish) 
by the author. 

aThe questionnaires used in this 
study had a misprint in question 
two. The original says “90–150 
minutes (1,5–2,5 hours)”, “150–
300 minutes (2,5–5 hours)” and 
“More than 300 minutes (5 
hours)”. 
bBoth the scale and “activity 
minutes” (the latter is the original 
outcome) are calculated by 
multiplying exercise time by two 
and adding the product to every 
day PA time. 
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4.3.7 Self-reported physical activity and sedentary time in the SCAPIS pilot study 

Level of PA was derived from the responses to the SGPALS91, by which the respondent can 
rate his or her PA level as (1) Sedentary leisure time, (2) Moderate leisure time physical 
activity, (3) Regular moderate leisure time physical activity, or (4) Regular physical activity 
and exercise, and the question “How much time on a regular week do you spend physically 
active on an intensity level that makes you warm?, which can be answered by (1) 5 hours 
per week or more, (2) More than 3 hours, but less than 5 hours per week, (3) Between 1 and 
3 hours per week, (4) Up to 1 hour per week, or (5) Not at all” (translated by the author). 
The respondents were labeled as being sufficiently active if they had answered with option 
three or four to the SGPALS, or with option one or two to the second question166. The 
SGPALS was also used to assess sedentary leisure time. Those that responded with option 
one to the SGPALS were labeled as sedentary, and those that responded with the other 
options as exercising at least two hours per week without sweating. (paper II) 

4.3.8 Physical activity diary 

In addition to daily steps, the participants were instructed to also register frequency and 
duration of all of their PA, and to rate each occasion according to the Borg rating of 
perceived exertion scale (RPE), ranging from 6, no exertion at all, to 20, maximal exertion 
imaginable65, in their PA diary. Thorough oral instructions on how to use the diary and the 
Borg RPE scale212 were given individually to all participants. The intensity of PA was later 
categorized as light (RPE 10-11), moderate (RPE 12-13), or vigorous (RPE ≥14)213. (paper 
IV) 

4.3.9 Self-reported sedentary time and physical activity 

At baseline and follow-up assessments all participants answered a questionnaire. Time per 
day spent sitting  was assessed with an item from the Swedish version of IPAQ214. A 
question for LTPA during the last 12 months was also part of the questionnaire, and 
included four categories ranging from sedentary leisure time (<2 hours of light PA/week) to 
regular exercise (≥3 times/week, ≥30 minutes each time)215. (paper IV) 

4.3.10 General health and self-perceived physical health 

The LIV 2013 questionnaire contained the question and response options: “How would you 
assess your health? (5) Very good, (4) Good, (3) All right, (2) Bad, (1) Very bad”40 (papers 
I & III). This question is a strong predictor of mortality40-42 and has been used in several 
public health surveys internationally. A version of the above question, How would you 
assess your physical health, was included in all three LIV questionnaires. It is hereafter 
referred to as “perceived physical health”. The perceived physical health question could be 
answered as Good/Acceptable/Not so good/Bad in the LIV 90 and LIV 2013 
questionnaires, and Very good/Good/Quite good/Acceptable/Not very good/Bad/Very bad 
in the LIV 2000 questionnaire. Due to this, the answers were dichotomized. Very good, 
Good, Acceptable, and Quite good was labelled as Good and all other options as Bad (paper 
III). This question has not been validated, which is further discussed in the section on 
methodological considerations below. 

4.3.11 Health-related quality of life 

The SF-36 Standard Swedish Version 1.093, was part of the same questionnaire as the IPAQ 

sedentary item and the LTPA item (paper IV). Eight scales are derived from the 36 items of 

the SF-36: limitations in physical activities due to health problems (physical functioning), 
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limitations in usual role activities due to physical health problems (role physical), bodily 

pain, general health perceptions (general health), energy and fatigue (vitality), limitations in 

social activities due to physical or emotional problems (social functioning), limitations in 

usual role activities due to emotional problems (role emotional), and psychological distress 

and well-being (mental health). Two summary measures, the physical component summary 

(PCS) and the mental component summary (MCS), are then derived from the first and last 

four scales, respectively216-220. The SF-36 has been found to be a reliable tool that produces 

good quality data221, and it is the most extensively validated and used generic tool for 

measuring HRQoL, including in older adult cohorts51, 222, 223. Further, others have found the 

validity of the Swedish version of the SF-36 to be satisfactory. The SF-36 scales from the 

physical domain were found to discriminate best between groups that are known to differ in 

physical health, and the mental domain scales were found to discriminate best between 

groups known to differ in mental health224. 

The SF-36 data were handled and scored following previously published instructions220. All 

scales, and both summary measures, range from 0 to 100, representing the worst and best 

possible score. A minimal clinically important improvement (MCID) in the SF-36 scores 

was identified as a baseline value <88 and follow-up value ≥88, inspired by the work of 

Velanovich225 and Spratt226, and hereafter referred to as “change to top-score”. This method 

identified those that displayed the maximum score on a majority, or all, of the items 

corresponding to a particular SF-36 scale. However, because it was possible to score less 

than maximum on half, or more, of the items corresponding to the scales bodily pain, 

vitality, and mental health, and still achieve an SF-36 score higher than 88, the change to 

top-score method was not, theoretically, valid for those scales. Therefore, to enable analysis 

of clinically significant changes in those SF-36 scales, we used a >20 -point change in SF-

36 scores as a marker of an MCID from baseline to follow-up, hereby referred to as “>20 -

point improvement”. This was done according to the Swedish SF-36 manual220, adjusted to 

more recent methodological recommendations by Spratt226, MCIDs presented by Bjorner et 

al227, and standard error of measurement for the different SF-36 scales based on Swedish 

normative population data219, 220. (paper IV) This is further described in the methodological 

considerations section below. 

4.3.12 Lifestyle, and demographics 

Several important questions were identical across all three LIV questionnaires. These 
included questions about place of residence, having a chronic disease, smoking, education 
level, sleeping problems, feelings of downheartedness, level of satisfaction with overall life 
situation, and to what degree one feel in control of one’s life situation. Binary variables 
were created as indicators of daily smoking, university degree or equivalent, sleeping 
problems ≥ once a week, feeling downhearted ≥ once a week, dissatisfaction with one’s 
overall life situation, and not feeling in control of one’s life situation. The variable for daily 
smoking was created by merging all answers that indicated smoking more often than 
occasionally. (paper III) In paper II, self-reported education level was dichotomized into 
high or low (university degree or not), smoking habits into being a regular smoker or not, 
and age was categorized into 3 groups, 50 to 54, 55 to 59, and 60 to 64 years. 

4.4 Statistical analysis  

The level of significance was set to α = 0.05, and if the number of tests was large, a 
Bonferroni corrected level of significance was calculated by dividing 0.05 by the number of 
hypothesis tests (paper I - IV), or by using a Bonferroni confidence interval (CI) adjustment 
in the general linear modeling (paper II only). This was done to adjust for multiple testing 
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bias. Normality was assessed with a Lilliefors corrected Kolmogorov-Smirnov test (paper I, 
III & IV), and a Shapiro-Wilk test (paper I-IV), and by calculating z-scores for skewness 
and kurtosis (papers I, III & IV)228. 
 

Paper I 
All analyses were performed in STATISTICA 11 (StatSoft. Inc. Tulsa, OK, USA), except 

the receiver operating characteristics (ROC), which were calculated in SPSS (version 15.0, 

SPSS Inc., Chicago, IL, USA). ROC was used to estimate the discriminative capacity of the 

SNBHW PA -questions with regard to classifying individuals as insufficiently active or not, 

using accelerometry as the reference method. The SNBHW PA -questions data did not 

approximate a normal distribution, so non-parametric methods were used. Mann-Whitney 

U tests were used to compare the distributions of ranks between men and women with 

regard to age, BMI, self-reported PA, and PA assessed by accelerometry. Spearman’s rho 

was calculated for the different answer modes of the PA -questions, and for accelerometry, 

VO2max, CMJ, balance, BMI, waist circumference, blood pressure, the cardiometabolic 

biomarkers, and general health. A sample size of n = 84 was found to be sufficient to reach 

statistical power of 0.80 for rs = 0.30 at α = 0.05, which is a common correlation coefficient 

effect size regarding questionnaire and accelerometry comparisons. To test for differences 

between correlations we used tests described by Steiger229, and Myers and Sirois230. To 

reach a power of 0.80, a sample size of n = 361 was required to detect a significant 

difference between rs = 0.30 and rs = 0.10 at α = 0.05. 
 

Paper II 
The analysis were performed using SPSS (version 15.0, SPSS Inc., Chicago, IL, USA). A 

test of interaction, as described by Altman and Bland231, was used to test for differences in 

proportions of sufficiently active participants between the study sample and Swedish 

national data, as well as to test for interaction of gender, age, and level of education within 

the study sample. General linear regression modeling was used for pairwise comparisons of 

the estimated means for daily percentage of time spent in sedentary behavior, LIPA and 

MVPA; mean cpm; total wear time; and the different sedentary variables between men and 

women; the age -groups 50 - 54, 55 - 59 and 60 - 65 years; and low and high education 

level, respectively. Each model was adjusted for the selected covariates. All skewed 

variables were transformed to approximate a normal distribution before being introduced 

into the general linear model analysis (non-transformed data presented). 
 

Paper III 
Statistica 12 (StatSoft Inc. Tulsa, OK, USA) was used for all analysis. T-tests, Mann-

Whitney U tests, and 2-tests were used for comparison of means, distributions and 

proportions, respectively. Spearman’s rho was calculated for all variables correlated to each 

other to assess which variables were fit for inclusion in the regression models. Odds ratios 

(OR) with 95% CI for perceived physical health rated as good were calculated with logistic 

regression models, with the fitness variables as predictors, and the self-report measures as 

covariates. Four different regression model designs were set a priori, (1) unadjusted (raw); 

(2) adjusted for age and gender (model A); mutually adjusted for all fitness variables and 

further adjusted for the self-reported variables, and age, and gender (model B); and (4) 

model B performed with backwards stepwise exclusion. Differences between ORs were 

assessed with a test of interaction as described by Altman and Bland231.  
 

Paper IV 

The analysis were performed in STATISTICA 11 (StatSoft, Inc., Tulsa, OK, USA). An 

intention-to-treat approach was used, where single missing data points at follow-up or when 

a participant had not taken part in the follow-up assessments at all were replaced with last 

observation (i.e. baseline data) carried forward. None of the SF-36 data met the 
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assumptions of normality and were left skewed, that is, concentrated in the ≥88 “top-score”. 

Change in steps per day, body weight, PA of at least moderate intensity in sessions per 

week and in minutes per week, and LTPA did not approximate normality either. Thus non-

parametric statistical methods were used. Wilcoxon matched pairs test was used to compare 

the SF-36 scores at baseline and follow-up within each group, and Mann-Whitney U tests 

was used to compare the SF-36 scores at baseline, and changes in the SF-36 scores from 

baseline to follow-up, between the intervention and the control group. Nonlinear logit 

regression models were used to analyze differences between the two groups in proportions 

of participants with clinically relevant changes in the SF-36 scales. Cohen’s kappa was 

used to assess the agreement between the change to top-score and the >20 -point 

improvement outcomes, as the change to top-score method is a modification of other novel 

methods, and the >20 -point improvement method is a more traditional method. 

4.5 Study design 

I. A correlational and observational study where the concurrent and discriminative 
validity of the SNBHW PA -questions was assessed in participants from one cross-
sectional sample and one convenient sample. 
 

II. The SCAPIS pilot study was a cross-sectional observational study. 
 

III. The LIV-studies are repeated cross-sectional studies of the Swedish population aged 
20 – 65 years. 
 

IV. A 6-month RCT was conducted at the Obesity Unit of the Karolinska University 
Hospital in Huddinge, Sweden. 

4.6 Ethical considerations 

The LIV 2013 study was approved by the Regional Ethical Review Board in Stockholm 
(2012 / 1338-31). The SCAPIS study was approved by the ethics board at Umeå University 
(Dnr 2010-228-31M). The LIV 90 and LIV 2000 data collections were approved by The 
Ethics Committee at Karolinska Hospital (KS 00-171). Ethical approval for the RCT 
reported in paper IV was obtained from Stockholm Regional Ethical Review Board (04-
520/2) and the trial is registered at ClinicalTrials.gov (NCT02320760). All participants 
provided written informed consent prior to measurements. 
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5 METHODOLOGICAL CONSIDERATIONS 

5.1 Physical activity assessment 

 

Accelerometry 

The Actigraph uniaxial model 7164 (first known as CSA and later as MTI) has been used in 
a large number of studies. The new generation of Actigraph models, GT1M, GT3X, and 
GT3X+, introduced in 2005, can detect acceleration in up to three axes. Along with the new 
models, Actigraph also introduced two filtering algorithms, the normal filter, to eliminate 
any acceleration noise outside 0.25 - 2.5 Hz (specifications at www.theactigraph.com), 
which is considered the normal human activity frequency bandwidth70, 195, 232, and the low-
frequency extension filter which extends the lower end of the normal filter. The 
acceleration data are commonly converted to a brand-specific measure, so-called counts, at 
certain time intervals, so-called epochs, to spare battery life and enable longer data 
collection periods. 

Data from the 7164 is not equivalent to data from the newer models, but in the vertical axis, 
they are all comparable within reasonable limits189, 233-235. Further, there is strong agreement 
between the GT1M, GT3X, and GT3X+189 output, and data from the vertical axis alone 
may generate sufficient PA estimates192, 236. It is most common to place the accelerometer 
on the hip or lower back of the participant190, but other placements may be appropriate237 
depending on the research question. There are a large number of important documented 
strengths, as well as limitations, of accelerometry. Even when comparing only studies that 
present hip-worn Actigraph vertical axis data, consideration has to be given to several 
methodological aspects. 

The use of accelerometry is commonly acknowledged as a strength due to the methods 
objectivity109, 122, 132, 139. Nevertheless, it has been proposed that the use of accelerometers 
for large-scale PA surveillance systems may be premature. However, the same authors, as 
well as others, acknowledge that accelerometers provide more valid estimates of PA23, 59, 
and have greater potential for international comparisons, than questionnaires23, 70, 90. The 
strengths of accelerometers are that they: 

 provide an objective method suitable for larger studies under free-living conditions; 
 are small, non-invasive, and wireless devises59; 
 are minimally intrusive to normal bodily movements during daily activities; 
 are easy to use for participants; 
 eliminates the issue of recall and interpretation bias that comes with self-report; 
 are not very sensitive to social desirability; 
 may be used to estimate overall PA level, as well as time in different intensities, 

sedentary behaviors, and characteristics of PA and sedentary behaviors59, 70; 
 have been described as the “minimum standard in epidemiological research”69; 
 are currently the most commonly used method to objectively assess PA191; 
 are valid for measuring duration, frequency and intensity of PA192, 193; 
 (the hip worn GT3X+) may be used to identify different modes of PA, i.a. 

household activities, ascending and descending stairs, walking, running68; 
 provide more valid data than questionnaires; 
 enable better international comparisons than questionnaire data; 
 measure PA continuously across minutes, days and weeks23, 59, 70, 90, and; 
 are contained in most modern smart phones, which open up possibilities for a whole 

new approach to epidemiological data collection. 
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However, acceleration data do not account for mechanical load238, so accelerometer energy 

expenditure estimates are limited. Accelerometers appear to underestimate PA level and 

activity energy expenditure70, 90. When compared to DLW, mean differences are often small 

on a group level, but the limits of agreement are usually large190. However, DLW may not 

be the best reference method for validating accelerometers because of the difference in 

outcome measures. Direct observation has been proposed as a better criterion method232, 

but may be difficult to use in free-living conditions. Thus, accelerometry and DLW may be 

used complementarily, and because body movement results in energy expenditure, DLW is 

important for comparative research190. Nevertheless, if energy expenditure is the main 

outcome, methods other than accelerometry may be more suitable239, but they must be 

weighed against the feasibility of accelerometers. Below is a list of the most common 

limitations of accelerometers discussed in scientific papers: 

 There are difference in data reduction, i.e. how a “count” is derived, between brands 

and models models58, 59, 90, 110, 191. 

 The lack of a standard for how the “counts per time unit” data is handled and 

converted into other measures23, 58, 59, 63, 70, 90, 110, 124, 139, 191, 232, 238, 240-247. 

 They only capture the accelerations of the body part that they are attached to70, 110, 

238 (at which they excel nevertheless30). 

 Placing of the device affects the outcome90, 109, 136, 191, 237. 

 They are insensitive to whether the bearer is carrying extra weight70, 90, 238, or 

performing resistance training23, 59, 90, 107, and to the weight of the person23, 110, 132, 248. 

 They may generate inaccurate measurements of PA intensity during vehicular 

transportation59, 70, 90, 110, 249, and while walking on stairs or uphill and downhill23, 70, 

79, 90, 239, 248. 

 The devices may not be used during activities in water107, 238, 250. 

 They can generally not differentiate standing from sitting when hip-worn59, 139, 191. 

None of these limitations necessarily impact study results. For example, non wear time may 
represent mainly sedentary behaviors238, automated non-wear -time filters may be as 
accurate as the additional help of log-books238, and choice of filter may mainly affect 
sedentary time194, 232. The use of the low-frequency extension filter increases sensitivity to 
lower intensity PA as well as comparability to results from the older Actigraph models240. 
Further, walking is the more prevalent activity132, compared to bicycling, especially when 
compared in regard to energy expenditure251. Thus, accelerometers may capture the 
majority of the most prevalent PA and sedentary behaviors. However, if the research 
question regards specific PA modes, activities involving lifting/carrying, activities in water, 
or vehicular transportation196, or if high intensity PA23, 70 is prevalent in the study 
population, accelerometry may not be the best method. Nevertheless, for assessment of 
over-all PA and time spent sedentary, in LIPA, and in MVPA, accelerometry may be valid 
if proper data reduction methods are chosen, and the method should, if possible, be chosen 
over PA questionnaires. 
 

Counter movement jump and balance 

When planning the LIV 2013 study, the main rationale for including the CMJ and balance 
tests was to enable comparisons with the LIV 90 and LIV 2000 studies. The tests also 
needed to be inexpensive due to the large number of expected participants; easy to set up 
and transport due to the geographical amplitude and high number of test centers involved; 
and easy to teach due to the large number of test instructors. However, these two tests have 
not been validated. 

The Abalakov vertical jump test, which is nearly identical to the CMJ with arm swing used 
in the LIV-studies, has been described by Klavora ,who also presented many advantages of 
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this test compared to other traditional jump tests, that is, tests not involving advanced 
technologies such as force mats252. The Abalakov test was found to have high reliability 
and good factorial validity when correlated to six other tests, including two performed on a 
force mat, for the estimation of the explosive characteristics of the lower limbs208. 

Challenging tasks need to be part of tests that are to reflect motor skill, for example 

balance, moreover, they also help to avoid ceiling effect in the results209. Dynamic balance 

can be measured by various methods, but many such tests have failed to adequately 

quantify balance253. A good review of balance tests was presented by Mancini and 

Horak254. They describeed one-leg stance duration as the oldest reported test of balance and 

pointed out that the advantages of the test are its excellent reliability due to the use of a 

stop-watch to evaluate performance, and its continuous outcome. The disadvantages are 

that it is difficult, and that it only evaluates static balance. The Berg Balance Scale209, 

which incorporates one-legged standing as the most difficult of its 14 items, has excellent 

intra-rater reliability, but low sensitivity, compared to the oldest clinical balance test, the 

Tinetti Balance and Gait Test. The Timed Up and Go test is the quickest and simplest 

clinical balance test, and probably the most reliable because, as in the LIV balance test, a 

stop-watch is used to quantify balance rather than using subjective rating scales. Results 

from tests such as the aforementioned are subjective to some degree and show ceiling 

effects254. It has been recommended that data be collected on self-rated health, low income, 

high blood pressure, and diabetes, because they have been identified as predictors of limited 

musculoskeletal function209. 

Tests similar to the LIV-studies CMJ and the balance test have been shown to have good 
test-retest and inter-rater reliability, and were found to be suitable for field-testing255. 
Nevertheless, the results from the LIV CMJ and balance tests reported in this thesis should 
be judged in conjunction with the VO2max estimate, the cardiovascular biomarkers, and the 
self-reported health variables. 

5.2 Self-reported health 

Self-perceived physical health 

The question regarding perceived physical health reported in paper III has notbeen 
validated. However, it is very similar to, and derived from, the question, How would you 
assess your health?256. The latter question is a strong predictor of mortality40-42. The 
answers to those two questions were moderately associated (Spearman’s rho = 0.57, p < 
0.0001) in the LIV 2013 sample. But regression analysis showed that these two variables 
were very similarly (and significantly) associated with VO2max, CMJ, and balance. We 
hypothesize that both questions measure different aspects of the same construct and that 
they are equally valid. However, that hypothesis is yet to be tested. 
 

Health-related quality of life 

The PCS and MCS account for circa 80% of the reliable variance in the eight SF-36 scales, 

therefore, these two component summary measures enable a reduction of statistical 

hypothesis tests having to be performed and, thus, a reduction of the likelihood of multiple 

testing bias. A significant group difference, treatment effect, or such, in the component 

summary measures may be considered a more robust result than single significant results 

regarding any of the eight corresponding sub-scales217, 257. 

Further, Velanovich argued that because SF-36 data is very often non-normally distributed 

and left skewed, and the SF-36 scales are based on two- to six-graded ordinal scales, 
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appropriate statistical techniques should be used. The traditional normalization of the SF-36 

data, that is, converting the ordinal data to a scale ranging from 1 to 100161, does not 

guarantee a normal distribution. Therefore, in cases when the mode and the median are both 

at maximum score (i.e. 100), Velanovich has suggested using the difference in proportions 

of individuals scoring 100 to enable group comparisons225. Velanovich did not, however, 

suggest any methods for evaluating individual changes in the SF-36 scales. 

Spratt has evaluated methods for identifying an MCID, which must be larger than the 

standard error of measurement, and have clinical relevance. Regarding the SF-36 scale 

physical functioning, Spratt found the standard error of measurement to range from 5 to 20 

at a six month follow-up, and he found a cut-off of 85 to be useful for determining a 

clinically important improvement226. Bjorner et al found that a ≥10 -point decrease in the 

SF-36 vitality scale was significantly associated with increased odds of negative outcomes 

such as hospitalization, and mortality. However, the changes in SF-36 were not compared 

to positive health outcomes227, and the ≥10 -point decrease cut-off lies within the range of 

the SF-36 standard error of measurement found by Spratt219, 226. Further, the standard error 

of measurement was found to vary between 12 and 17 in Swedish normative population 

data regarding men and women 65 – 69 years old219, 220. 

5.3 Statistical analysis 

 

Alternatives to ROC-analysis 

Estimates from two methods that are designed to measure the same property should be 
associated in a sufficiently large sample. However, a high association does not guarantee 
high agreement258, 259. A Bland–Altman plot is the most popular method for assessing 
agreement between two methods259, 260, but it requires both methods to measure in the same 
scale and units, and the data to be continuous. In paper I, the Categorical answer mode 
provided ordinal data, the other two SNBHW PA -questions outcome were in so-called 
activity minutes, and the accelerometer data were in cpm. Hence, the Bland-Altman method 
was not accurate to use. Others have acknowledged that PA measures derived from self-
report and objective methods are not equivalent67, and Bland-Altman plots and least-
products regression should be used complimentary for method comparisons where there is 
no accurate gold -standard, that is, when measurement error is likely in the criterion data as 
well, as is the case in paper I261. In validation studies where Y is the criterion and X is the 
cheap, practical alternative, ordinary regression techniques may suffice261, but may not be 
appropriate when the criterion method, Y, is not an accurate gold -standard261. Regarding 
the ordinal data derived from the Categorical answer mode, Kappa coefficients may have 
been used260, but that would have resulted in two different statistics for the three answer 
modes, which would make evaluation difficult. Correlation coefficients, sensitivity, 
specificity and ROC analysis were therefore used in paper I as a first step in assessing the 
validity of the SNBHW PA -questions. It is nevertheless important to point out that by not 
using Bland-Altman plots, or regression analysis, the results may be biased by 
heteroscedasticity262, and the prediction error will be unknown261.  
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6 RESULTS 

6.1 Paper I 

6.1.1 Sample characteristics 

The sample (n=365) had a median (min–max) age of 51 (21–66) years and BMI of 25.1 

(19.1–38.1) kg/m2. Compared with women, men were older; had a higher BMI; and spent a 

larger portion of their time in MVPA, according to accelerometry. (Table 6) 

 
 

Table 6   Characteristics of all study participants in paper I 

 
All Women Men  

n Median (Q1 - Q3) n Median (Q1 - Q3) n Median (Q1 - Q3) p 

Age (years) 
 

365 51 (41‒59) 262 50 (40‒58) 100 55 (42‒61) 0.018 

BMI (kg/m2) 
 

177 25.1 (22.8‒27.6) 100 24.3 (22.1‒27.3) 76 25.6 (23.5‒27.9) 0.017 

SNBHW PA -questions        

   Categorical 365 12 (8‒16) 262 12 (9‒16) 100 14 (8‒16) 0.639 

   Open 
 

364a 120 (70‒240) 261a 120 (60‒240) 100 120 (90‒240) 0.248 

   Table 
 

365 470 (300‒690) 262 450 (280‒630) 100 545 (300‒815) 0.040 

Accelerometry        

   MVPA min/day 
 

365 39.1 (23.4‒55.7) 262 37.5 (23.4‒51.4) 100 43.9 (22.6‒65.2) 0.042 

   MVPA in bouts min/day 
 

365 15.6 (5.7‒31.4) 262 15.7 (6.0‒30.0) 100 14.3 (4.5‒35.7) 0.738 

   % MVPA 
 

365 4.3 (2.6‒6.2) 262 4.1 (2.6‒5.7) 100 5.0 (2.5‒7.2) 0.043 

Note: Data on gender not available for three subjects. Q1‒Q3, first and third quartiles; p, Mann-Whitney U Test p-
value; SNBHW PA -questions, Swedish National Board of Health and Welfare indicator questions regarding physical 
activity; Categorical, a scale ranging from 3 to 18; Open and Table, presented in activity minutes; MVPA, moderate 
and vigorous physical activity; MVPA min/day, the mean daily MVPA in minutes; MVPA in bouts min/day, all MVPA 
(PA ≥3 METs) in bouts of at least 10 minutes in minutes per day; % MVPA, the mean daily percent of MVPA. 
aOne subject excluded due to spurious data 

6.1.2 Associations of self-reported and measured physical activity and fitness 

The Categorical answer mode was associated with all three accelerometer measures, 

VO2max, CMJ, and balance. Open mode was associated with all three accelerometer 

measures. The Table mode was associated with all three accelerometer measures, VO2max 

and CMJ. The Categorical mode, compared with the Open mode, was more strongly 

associated with MVPA/day in ≥10-minute bouts, % MVPA, VO2max, and CMJ. The Table 

mode, compared with the Open mode, was more strongly associated with MVPA/day in 

≥10-minute bouts, % MVPA, MVPA minutes/day, and VO2max. (Table 7) 

6.1.3 Associations of self-reported physical activity and cardiometabolic biomarkers and 

general health 

The Categorical answer mode was associated with BMI, waist circumference, insulin, TG, 

Apo-B, Apo-A1/Apo B ratio, and general health. The Open mode was associated with 

insulin and general health. The Table mode was associated with insulin, TG, Apo-A1/ Apo-

B ratio, and general health. The Categorical mode, compared with the Open mode, was 

more strongly associated with BMI, waist circumference, diastolic blood pressure, glucose, 

TG, and general health. There were differences in PA between participants reporting their 
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general health to be Very good, Good, and Fairly good, according to the answer modes 

Categorical and Table, where each increment in reported health was associated with 

increased PA. Only participants who indicated Very good, compared to those indicating 

Good health, reported higher level of PA according to the Open answer mode. Only four 

participants reported Poor or Very poor health. (Table 8) 
 
 
Table 7   The three different response modes correlated with measured 
physical fitness and physical activity 

 n Categorical Open Table 

VO2max (l/min) 169 0.16* 0.10 0.25** 

VO2max (ml/kg/min) 151 0.27** 0.06 0.31† 

CMJ 176 0.25** 0.08 0.17* 

Balance 172 -0.20** -0.04 -0.08 

Accelerometry     

  MVPA min/day 365 0.27† 0.15** 0.29† 

  MVPA in bouts min/day 365 0.31† 0.18† 0.31† 

  % MVPA 365 0.27† 0.14** 0.29† 

Note: All results in Spearman’s rho. VO2max (l/min), estimated maximal oxygen uptake in 
liters per minute; VO2max (ml/kg/min), estimated maximal oxygen uptake in milliliters per 
kilogram body weight and minute; CMJ, maximal vertical counter movement jump with arm 
swing; Balance, 60 seconds balancing on a 3 cm wide metal beam measured in number of 
times stepping up on the beam; MVPA, moderate and vigorous physical activity; MVPA 
min/day, the mean daily time (in minutes) of MVPA; MVPA in bouts min/day, the mean daily 
time (in minutes) of MVPA  in ≥ 10 minute bouts; % MVPA, mean daily percentage of MVPA. 
*p < 0.05, **p < 0.01, †p < 0.00058 (Bonferroni -adjusted level of significance) 
 

Table 8   The three different response modes correlated with 
cardiometabolic biomarkers and self-rated health 

 n Categorical Open Table 

BMI 177 -0.20** -0.02 -0.11 
Waist circumference 179 -0.22** -0.03 -0.12 
SBP 101 -0.05 0.02 -0.05 

DBP 103 -0.16 0.08 0.01 

Cholesterol 116 -0.16 -0.02 -0.14 

TG 109 -0.31** -0.07 -0.26** 

HDL 117 0.17 0.02 0.09 

LDL 116 -0.16 -0.02 -0.13 

Glucose 116 -0.18 0.04 -0.03 

Apo-A1 117 0.16 0.11 0.09 

Apo-B 117 -0.19* 0.01 -0.17 

Apo-A1/Apo-B ratio 116 -0.33† -0.14 -0.23* 

Insulin 74 -0.35** -0.24* -0.29* 

General healtha 359 0.35† 0.19† 0.28† 

Note: All results in Spearman’s rho. BMI, body mass index; SBP, systolic blood pressure; 

DBP, diastolic blood pressure; TG, triglycerides; HDL, high-density lipoprotein; LDL, 

low-density lipoprotein; Apo-A1, apolipoprotein-A1; Apo-B, apolipoprotein-B. 
aHow would you rate your general health? (1) Very poor, (2) Poor, (3) Fairly good, (4) 

Good, or (5) Very good 

*p < 0.05, **p < 0.01, †p < 0.00058 (Bonferroni -adjusted level of significance) 
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6.1.4 Discriminative capacity of the three answer modes 

When using the accelerometer cut-off <21.4 minutes MVPA/day in ≥10-minute bouts, the 

Table mode exhibited stronger specificity than the Open mode (p = 0.003). When using the 

cut-off <21.4 minutes/day MVPA, the Categorical mode displayed stronger specificity than 

the Open mode (p < 0.001), and Table mode (p = 0.019), and the Table mode exhibited 

stronger specificity than the Open mode (p = 0.029). (Table 9a) 

6.1.1 Gender and age stratified analyses 

There was a tendency towards stronger associations among men compared to women, and 

among those ≤51 years compared to those >51 years of age. The accelerometer cut-offs for 

classifying subject as sufficiently active, tended to produce equal or higher activity minutes 

cut-offs for SNBHW PA -questions among the men compared to the women. Further, 

among men, the Table mode produced the strongest sensitivity and specificity over-all, and 

the Open mode produced non-significant results. Other than this, the stratified results did 

not differ significantly from the whole sample results. (Table 9b) 

 
Table 9   The capacity of the answer modes to detect the insufficiently activity 
 
9a 

Accelerometry cut-off The SNBHW PA -questions All (n=365) 

 answer mode cut-offa Sens Spec AUC (95%CL) 

<21.4* MVPA/day in ≥10 
minute bouts 

Categorical 12.5b 0.59 0.61 0.65 (0.60‒0.71) 

Open 123c 0.61 0.54 0.58 (0.52‒0.64) 

Table 464c 0.60 0.67 0.65 (0.60‒0.71) 

<21.4* minutes/day MVPAA Categorical 11.5b 0.63 0.67 0.66 (0.59‒0.73) 

Open 133c 0.68 0.47 0.58 (0.50‒0.65) 

Table 453c 0.68 0.57 0.66 (0.59‒0.73) 
 
 

9b 
Accelerometry cut-off The SNBHW PA -questions Women (n=262) Men (n=100) 

 answer mode cut-offa Sens Spec Sens Spec 

<21.4* MVPA/day in ≥10 
minute bouts 

Categorical 12.5b 0.62 0.62 0.76 0.50 

Open 123c 0.63 0.56 0.48d 0.62d 

Table 464c 0.63 0.63 0.59 0.76 

<21.4* minutes/day MVPAA Categorical 11.5b 0.65 0.67 0.57 0.71 

Open 133c 0.68 0.47 0.39d 0.88d 

Table 453c 0.72d 0.53d 0.57 0.79 

Note: SNBHW PA -questions, Swedish National Board of Health and Welfare physical activity questions; 
Sens and Spec, proportion of the insufficiently (sensitivity (Sens)) and sufficiently (specificity (Spec)) active 
detected by the questionnaire; AUC, area under the (ROC) curve; CL, confidence limits; MVPA, moderate 
and vigorous physical activity. 

aThe point estimate that generates the strongest combination of sensitivity and specificity. 

bScale of 3 - 18 

c”Activity minutes” 

dNon-significant ROC results, i.e. AUC 95% CL lower bound ≤0.5 (gender specific AUC not reported) 
*150 minutes per week divided by seven days to enable inclusion of participants with ≥4 valid days of 
accelerometer data 
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6.2 Paper II 

A total of 1067 of the 1111 participants chose to wear an accelerometer. Valid data were 

obtained from 948 individuals (51% women), equaling 42.3% of the randomly selected 

sample, who were included in the analyses. The majority of the variables were skewed, and 

hence the data in Table 10 are presented as proportions or median with corresponding 25th 

and 75th percentiles (Q1 - Q3). 

6.2.1 Sample characteristics 

Overall, the median age was 57.5 (53.7 - 61.7) years, 69% of the participants were 

classified as overweight or obese (BMI > 25 kg/m2), 38% had a university degree, and 12% 

were daily smokers. Compared with Swedish national data in the age-group 45 to 64 years, 

a higher proportion of men and women in the SCAPIS pilot study were classified as 

overweight or obese (self-reported in the Swedish population data), and fewer women were 

smokers. There were no significant differences regarding self-reported education level, 

smoking habits in men, the proportion reporting a highly sedentary leisure time, or the 

proportion who were inactive, in the whole sample. 

 

Table 10   Characteristics of the SCAPIS pilot study sample 

 Men (n=462) Women (n=486) 

Age (years) 57.7 (53.8‒62.0) 57.5 (53.7‒61.4) 

Weight (kg) 86.6 (79.5‒95.0) 70.4 (63.7‒80.0)* 

Height (cm) 178 (173‒183) 165 (160‒169)* 

Waist circumference (cm) 99 (94‒105) 89 (81‒98)* 

BMI (kg/m2) 27.1 (25.1‒29.3) 26 (23.4‒29)* 

High education level (% university degree) 35 41* 

BMI ≥25 (%) 77 60* 

Regular/Daily smokers (%) 13 11 

Highly sedentary during leisure time (%) 16 15 

30 minutes of daily PA, self-reported (%) 65 61 

Note: Data presented as median and first and third quartiles (Q1‒Q3), BMI, body mass index; PA, 
physical activity 
*Significant gender difference (p < 0.05) according to Mann-Whitney U test 

 

6.2.2 Physical activity pattern 

The study participants spent 60.5% of the wear time sedentary. Men, compared to women, 

and participants with high a education level compared to those with a low education level, 

spent a larger proportion of time sedentary. Sedentary time was negatively associated with 

time spent in LIPA (rs = -0.96). Men and participants with a high educational level, spent 

more time, and the oldest age-group spent less time, in MVPA, compared to their respective 

counterparts. There were no significant differences in overall PA (mean daily cpm) between 

men and women or between those with a higher education and those with a lower 

education, while the oldest age -group had lower overall PA than the two younger age -

groups. 
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6.2.3 Sedentary behaviors 

Overall, the whole sample had on average 5.8 prolonged bouts (≥20 minutes) of sitting per 

day, representing a total of 189 minutes. Sitting time was broken up on average 10.1 times 

per sedentary hour. Men had a greater number of prolonged sedentary bouts, spent 40 

minutes more in prolonged bouts, and had fewer breaks per sedentary hour, compared to 

women. Similar trends were seen in highly educated participants compared to participants 

with lower education. No significant differences were observed between age groups. 

6.2.4 Moderate and vigorous physical activity 

The median of daily MVPA time in the entire study population was 32.8 minutes, however 

only 9.5 of those minutes were accumulated in prolonged bouts. Women spent less time in 

MVPA than men, but no gender difference regarding MVPA minutes accumulated in bouts 

was found. Older participants spent less time, and those highly educated more time, in total 

as well as in prolonged bouts of MVPA, compared to the younger age groups and those 

with lower education, respectively. 

6.2.5 Proportion of sufficiently active 

In total, 72.5% of the study population accumulated at least 150 minutes per week of 

MVPA when neither prolonged nor regular MVPA during the week was required. With 

requirement of MVPA being accumulated in prolonged bouts or on at least 5 days per 

week, the proportion dropped to 25.1% and 35.3%, respectively, and only 7.1% of the study 

population met the criteria 30 minutes per day in ≥ 10 minutes bouts on at least five days 

per week. Regarding that latter specific criteria, there were no subgroup differences. 

Nevertheless, a larger percentage of the men compared to the women, and of the 

participants with a higher education compared to those with a lower education, were 

considered sufficiently active when the prolonged bouts requirement was used. Participants 

in the oldest age-group fulfilled the different recommendations to a lower extent than the 

other age groups. 

6.3 Paper III 

6.3.1 Sample characteristics 

In total, 3556 participants (53.8% women) were included in the final sample. Across all 
three LIV-samples, the men were heavier, jumped higher, and had to a lesser extent a 
higher education than the women. The over-all temporal trends in the three independent 
LIV -study samples from 1990 to 2013 were, with varying degree of statistical significance, 
in both genders, increased age, body weight (except in the men from LIV 2000 to 2013), 
and waist circumference, and increased proportion of individuals with a higher education, 
and decreased balance and proportion of daily smokers. The same analysis, but stratified for 
gender, revealed increases in absolute estimated aerobic fitness (VO2max in l/min), but 
unchanged levels of relative estimated aerobic fitness (VO2max in ml/kg/min) among the 
women, and decreases in both these measures among the men. The men in the LIV 2013 
sample also performed worse in the CMJ test than the men in the other two samples. Both 
men and women in the LIV 2000 sample, compared to LIV 90 and LIV 2013, displayed 
more detrimental levels of self-reported chronic disease, downheartedness, self-perceived 
physical health, and control over one’s life situation. However, none of the above 
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differences remained significant after adjustment for multiple testing (i.e. Bonferroni -
adjusted α = 0.00028) (Table 11) 

Body weight was associated with gender, it affects vertical jump height, and is part of the 

relative VO2max estimate, and waist circumference correlated weakly to the fitness 

variables. Thus, body weight and waist circumference were not included in the regression 

models. The relative VO2max estimate was chosen over the absolute estimate because the 

former is relative to body mass and did not vary considerably between men and women. 

CMJ in centimeters was chosen over CMJ peak power estimate because the latter variable 

displayed a higher risk of collinearity with other variables. 

6.3.2 Associations of self-perceived physical health and measured physical fitness 

The unadjusted regression models (raw) revealed that a difference of one ml/kg/min in 
VO2max was significantly associated with a 5% (95% CI: 3% - 7%) higher probability of 
rating one’s physical health as good in the whole sample and among the women, and a 4% 
(95% CI: 2% to 7%) higher probability among the men. Significant associations were also 
found for a change of one cm in vertical jump height, and overbalancing one time. (Table 
12) 

6.3.3 Stability of associations across samples 

Perceived physical health was found to relate to estimated VO2max in all three samples, 
and CMJ and balance in the LIV 90 and LIV 2013 samples. Adjusting these models for age 
and gender (model A) did not affect the results vastly. The mutually adjusted models 
(model B) were also adjusted for age, gender (not in the gender stratified analysis), self-
reported chronic disease, level of sleeping problems and downheartedness, education level, 
degree of satisfaction with life situation, and extent to which one feel ones able to affect 
one’s life situation. Model B produced significant results for VO2max in the whole sample, 
and in the stratified analysis among women, and in the LIV 90 sample. (Table 12) 

6.3.4 Important covariates 

Estimated VO2max was the only physical fitness variable to remain after the backward 
stepwise exclusion (model C), which it did in the whole sample analysis, and among 
women, and the LIV 90 and 2013 samples in the sub-group analysis. After Bonferroni 
correction, significance remained for VO2max among women. Other variables remained 
after the backward stepwise exclusion as well. With the exception for age in the LIV 2013 
sample, age and self-reported chronic disease, sleep problems, downheartedness, and 
dissatisfaction with life, were associated with self-perceived physical health among women 
and men, and in the three LIV -samples, separately. 

6.3.5 Interaction of gender and sample 

Tests of interactions of gender and sample were performed on the OR’s obtained from the 
four different regression models. The raw model association between CMJ and perceived 
physical health was significantly smaller in LIV 2000 than in LIV 90. The model C 
association of age and perceived physical health was significantly different between women 
(ORC: 1.04) and men (ORC: 0.95) (p < 0.00025). No other significant interactions of gender 
or sample were found. 
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Table 11   Descriptive statistics of the three samples LIV 90, LIV 2000, and LIV 2013, and comparisons between samples, stratified by gender 

 
Note: CI, confidence interval; Q1-Q3, first and third quartile; VO2max, maximal oxygen uptake; l/min, litres per minute; ml/kg/min, millilitres per kilo bodyweight and minute; CMJ, counter movement 
jump with arm swing; Balance, 60 seconds balancing on a 3 cm wide metal beam measured in number of times stepping up on the beam 
aCompared to LIV 90 
bCompared to LIV 2000 
cDifference between men and women within the same sample  
dStockholm, Gothenburg, Malmoe, or Uppsala, including suburbs 
eIncludes participants who did not answer the questionnaire at all 
fTest based on the frequency distribution without the missing/corrupt data 
*p < 0.05, **p < 0.01, ***p < 0.001 

  

n Women n Men n Women n Men n Women n Men

 Total number 990 881 576 489 346 274

 Age (yrs) (mean (95% CI)) 990 42.4 (41.6‒43.2) 881 41.4 (40.5‒42.2) 571 43.2 (42.1‒44.2) 482 43.5 (42.4‒44.6)a** 346 49.2 (47.8‒50.5)a,b*** 274 49.9 (48.4‒51.4)a,b***

 Bodyweight (kg) (mean (95% CI)) 714 65.9 (65.1‒66.6) 644 79.6 (78.6‒80.5)c*** 309 67.7 (66.5‒68.9) 266 84.5 (82.9‒86.0)a,c*** 202 73.7 (71.8‒75.6)a,b*** 159 74.9 (72.8‒77.1)a,b***

 Waist circumference (cm) (median (Q1-Q3) 723 78 (73‒86) 654 89 (83‒96) 316 80 (74‒88) 269 96 (89‒103)a*** 263 86 (78‒106)a*** 198 96 (88‒112)a***

 Estimated VO2max

  - l/min (mean (95% CI)) 635 2.19 (2.15‒2.22) 564 2.80 (2.74‒2.86)c*** 257 2.29 (2.21‒2.36)a** 221 2.78 (2.68‒2.88)c*** 202 2.45 (2.36‒2.55)a***, b** 159 2.55 (2.43‒2.66)a***, b**

  - ml/kg/min (mean (95% CI)) 634 34.0 (33.4‒34.7) 563 36.0 (35.2 ‒36.9)c*** 256 34.6 (33.3‒35.9) 221 33.6 (32.3‒34.9)a** 202 33.8(32.5‒35.1) 159 34.4 (32.9‒36.0)

 CMJ (cm) (mean(95% CI)) 694 30.4 (29.8‒30.9) 635 44.7 (43.8‒45.5)c*** 296 31.8 (31.0‒32.7)a** 254 44.4 (43.3‒45.6)c*** 251 31.1 (30.1‒32.1) 186 40.1 (39.6‒42.6)a,b,c***

 Balance (median (Q1-Q3) 717 3 (1‒7) 645 2 (1‒5) 306 4 (2‒9)a*** 260 3 (1‒7)a** 258 4 (1‒10)a 189 5 (1‒9)a***, b*

 Place of dwelling

  - City (%)d 146 14.7 146 16.5 105 18.2a***,f 91 18.6a***,f 75 21.7a***,f 53 19.3b*,f

  - Other Swedish city/town (%) 397 40.0 365 41.2 153 26.6 101 20.7a**, c*,f 111 32.1a*,f 102 37.2

  - Village (%) 242 24.4 192 21.7 77 13.4 77 15.7 51 14.7a***,f 52 19.0

  - Rural (%) 197 19.8 172 19.4 44 7.6a***,f 42 8.6a*,f 92 26.6a**, b***,f 55 20.1b*,f

  - Missing/corrupt datae 11 1.1 11 1.2 197 34.2 178 36.4 17 4.9 12 4.4

 University degree or equivalent (%) 979 20.6 868 16.5
c
* 460 38.6

a
*** 363 22.9

a
**

, c
*** 317 55.5 255 39.4

a,b,c
***

 Chronic disease (%) 964 14.2 850 13.5 513 20.0
a
*** 446 17.7

a
* 323 18.3 256 18.0

 Problems with sleep ≥ once a week (%) 980 7.3 867 6.0 381 10.2 314 7.2 332 14.2 262 6.6
c
**

 Feeling downhearted ≥ once a week (%) 898 5.2 792 3.2
c
* 524 12.3

a
*** 456 5.5

a
*

, c
*** 323 5.5 258 5.8

 Bad physical health (%) 966 10.3 864 8.1 569 25.8
a
*** 485 28.3

a
*** 321 11.5

b
*** 255 5.9

b
***

,c
*

 Daily smoking (%) 983 36.6 862 36.3 572 20.3
a
*** 483 13.0

a
***

,c
** 322 9.6

a
*** 255 11.0

a
***

 Unhappy with overall life situation (%) 974 2.4 859 1.7 522 3.6 449 2.0 327 0.9 260 2.2

 Not feeling in control of life situation (%) 961 6.0 855 6.9 487 13.0a*** 427 10.8a* 324 3.8 260 3.6b***

LIV 2013LIV 90 LIV 2000
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Table 12   Associations of level of measured physical fitness on the odds for good self-
perceived physical health according to three different regression models 

Model  VO2max CMJ Balance 

Raw All 1.05 (1.03‒1.07)† 1.03 (1.01‒1.04)† 0.96 (0.94‒0.97)† 

 Women 1.05 (1.03‒1.07)† 1.04 (1.02‒1.07)† 0.96 (0.93‒0.98)† 

 Men 1.04 (1.02‒1.07)*** 1.03 (1.01‒1.05)** 0.95 (0.93‒0.98)** 

 LIV 90 1.06 (1.03‒1.09)† 1.05 (1.03‒1.07)† 0.95 (0.92‒0.97)† 

 LIV 2000 1.03 (1.01‒1.06)** 1.01 (0.99‒1.03) 0.97 (0.94‒1.00) 

 LIV 2013 1.06 (1.00‒1.11)* 1.05 (1.01‒1.09)* 0.95 (0.91‒1.00)* 

A All 1.06 (1.04‒1.08)† 1.03 (1.01‒1.05)*** 0.96 (0.94‒0.98)† 

 Men 1.06 (1.03‒1.09)*** 1.03 (1.00‒1.05)* 0.96 (0.93‒0.99)** 

 Women 1.07 (1.04‒1.09)† 1.04 (1.01‒1.07)** 0.96 (0.94‒0.98)† 

 LIV 90 1.06 (1.02‒1.10)*** 1.06 (1.03‒1.09)† 0.96 (0.93‒0.99)* 

 LIV 2000 1.05 (1.02‒1.08)*** 1.02 (1.00‒1.05) 0.97 (0.94‒1.00) 

 LIV 2013 1.09 (1.02‒1.16)** 1.06 (1.01‒1.11)* 0.94 (0.89‒0.99)* 

B All 1.04 (1.01‒1.07)** 0.99 (0.96‒1.01) 1.00 (0.97‒1.04) 

 Women 1.05 (1.01‒1.10)** 0.98 (0.94‒1.02) 1.00 (0.95‒1.04) 

 Men 1.02 (0.98‒1.06) 0.99 (0.95‒1.02) 1.00 (0.95‒1.06) 

 LIV 90 1.08 (1.02‒1.13)** 1.01 (0.96‒1.06) 0.96 (0.90‒1.02) 

 LIV 2000 1.02 (0.98‒1.06) 0.97 (0.93‒1.01) 1.02 (0.97‒1.08) 

 LIV 2013 1.06 (0.97‒1.15) 0.98 (0.91‒1.06) 1.01 (0.93‒1.10) 

Note: All results presented as odds ratio (95 % confidence interval). VO2max, estimated relative maximal oxygen uptake 

capacity (ml/kg/min); CMJ, vertical counter movement jump with arm swing; Balance, number of times balance is lost 

during 60 seconds one-legged stance; Raw, unadjusted; Model A, adjusted for age and gender (not in gender stratified 

analysis); Model B, mutually adjusted for all four physical fitness measures, as well as age, gender (not in gender 

stratified analysis), waist circumference, and self-reported level of sleeping problems, downheartedness, education 

level, satisfaction with life situation, and degree to which one feels able to affect one’s life situation 

*p < 0.05, **p < 0.01, ***p < 0.0001, †p < 0.00025 (Bonferroni -adjusted) 

6.4 Paper IV 

6.4.1 Baseline characteristics 

The final study sample consisted of 101 individuals who in 2006, aged 67 to 68 years, were 

randomized to the intervention (n = 47, 57 % women) or control (n = 54, 57 % women) 

group after the baseline assessments. Two participants in the intervention group declined to 

partake in the follow-up assessments. The flow of the participants through the trial is 

described in Figure 3. There were no differences between the two groups at baseline 

regarding body weight, PA level according to pedometry or PA level and sitting time 

according to self-report. (Table 13) There were no baseline group differences in HRQoL, 
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except for the SF-36 scale general health, in which the intervention group scored 

significantly lower than the control group (diff = 10, p < 0.05). 

 

 
 
 
 

6.4.2 Intervention effect on health-related quality of life 

The intervention group improved significantly from baseline to follow-up in the scale 

general health (diff = 10, p = 0.03), the PCS (diff = 3.8, p < 0.02) and the MCS (diff = 4.4, 

p = 0.02). The control group displayed no significant changes from baseline to follow-up. 

The intervention group improved significantly more in the MCS (diff = 4.4, p = 0.03). 

Overall, the probability of a participant displaying a relevant improvement was in favor of 

the intervention in five out of the eight SF-36 scales, and both summary scales, but only 

significantly so regarding the role emotional scale (OR = 3.39, diff = 19%, p < 0.02) and 

the MCS (OR = 2.43, diff = 18%, p < 0.05). When the >20 -point improvement cut-off for 

determining a relevant improvement was used, odds ratios for all SF-36 scales, and both 

summary scales, were in favor of the intervention group, but only significantly so for three 

measures (vitality, role emotional, and MCS). The level of agreement between the change 

to top-score and the >20 -point improvement methods ranged from Cohen’s kappa = 0.79 to 

0.99. (Table 14) 
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Table 13   Baseline physical activity, body weight, and sitting time 

 Intervention Control 

N 47 54 

Sex (female/male (percentage female)) 27/20 (57%) 31/23 (57%) 

Steps per day, pedometry 5390 (2791) 4980 (2763) 

Body weight (kg) 88 (14.2) 88.3 (11.1) 

Physical activity diary   

Sessions/week of at least moderate intensitya 2 (1-5) 2 (1-5) 

Minutes/week of at least moderate intensitya 120 (0–220) 130 (40–215) 

Questionnaire   

(total) sitting time (hours/day) 5 (3–7) 5 (4–7) 

Leisure time activity level   

Mostly sedentary 13% 11% 

Light activities ≥2 horrs/week 64% 59% 

Regular moderate PA 1 - 2 x ≥30 minutes/week 15% 20% 

Regular exercise ≥3 x ≥30 minutes/week 4% 9% 

Note: All data expressed as means with standard deviations (SD), medians with first and third quartiles (Q1–Q3), 
number or percentage 
aDefined as rate of perceived exertion (RPE) ≥12 65, 212, 213 

 

 

Table 14   Proportions per group, and odds ratios regarding clinically relevant 
improvements in health-related quality of life 

Variable 

Intervention (n=47) Control (n=54) Change to top-scoreA >20 -point 
improvement 

 

SF-36 score 
<88 at BL 

(n (%)) 

ImprovedA 
(n (%)) 

SF-36 score 
<88 at BL 

(n (%)) 

ImprovedA 
(n (%)) 

OR (95%CI)B OR (95%CI)B Cohen's 
kappaC 

Physical functioning 28 (60%) 10 (21%) 36 (67%) 16 (30%) 0.64 (0.26–1.60) 1.17 (0.32–4.31) 0.79 

Role physical 16 (34%) 13 (28%) 14 (26%) 9 (17%) 1.91 (0.73–5.00) 1.68 (0.67–4.30) 0.99 

Bodily pain 26 (55%) 11 (23.5%) 31 (57%) 12 (22%) 1.07 (0.42–2.71) 1.34 (0.55–3.24) 0.87 

General health 39 (83%) 6 (13%) 41 (76%) 15 (28%) 0.38 (0.13–1.08) 1.14 (0.42–3.11) 0.82 

Vitality 39 (83%) 7 (15%) 42 (78%) 8 (15%) 1.01 (0.34–3.02) 4.32 (1.29–14.55)* 0.85 

Social functioning 14 (30%) 12 (25.5%) 13 (24%) 7 (13%) 2.30 (0.82–6.45) 2.98 (0.72–12.24) 0.89 

Role emotional 15 (32%) 14 (30%) 11 (20%) 6 (11%) 3.39 (1.18–9.74)* 2.85 (1.04–7.83)* 0.99 

Mental health 26 (55%) 10 (21%) 25 (46%) 10 (19%) 1.19 (0.45–3.17) 2.30 (0.82–6.45) 0.86 

Physical component 
summary 

38 (81%) 10 (21%) 34 (63%) 9 (17%) 1.35 (0.50–3.67) 1.70 (0.61–4.79) 0.83 

Mental component 
summary 

29 (62%) 18 (38%) 25 (46%) 11 (20%) 2.43 (1.00–5.88)* 5.88 (1.54–22.42)** 0.83 

Note: SF-36, the International quality of life assessment 36-Item Short Form Health Survey; BL, baseline; OR, 
odds ratio; CI, confidence interval 
AChange to top-score: a baseline value <88 and follow-up value ≥88 
BNonlinear logit regression with change to top-score or >20 -point improvement as dependent variable 
CAgreement between the change to top-score and >20 -point change classification methods 
*p < 0.05, **p < 0.01  
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7 DISCUSSION 

7.1 Main results 

I. Among the three answer modes of the SNBHW PA -questions, the Categorical 

mode exhibited significantly stronger associations with PA assessed with 

accelerometers, estimated VO2max, CMJ, BMI, waist circumference, TG, and self-

reported general health than the Open mode. The Table mode showed validity as 

strong as the Categorical mode except with regard to balance, cardiometabolic 

biomarkers, self-reported general health, and the cut-off for determining sufficient 

level of PA. The Open mode displayed significantly lower validity, overall, than the 

two other answer modes. The validity of the SNBHW PA -questions was found to 

be in line with the validity of many other established PA questionnaires. 

 

II. The participants in the SCAPIS pilot study were found to spend 61 % of their 

waking time sedentary, 35% in LIPA and 4% in MVPA. More than three hours of 

the sedentary time, which totaled 8 hours and 40 minutes on average, was in 

prolonged bouts. Fewer than 10% of the participants accumulated at least 30 

minutes of MVPA in ≥10 -minute bouts on five out of seven days of the week. The 

study sample was found to be fairly representative when compared to Swedish 

national population data, thus, these results may reflect the pattern of PA and 

sedentary behaviors of women and men aged 50 – 64 years in the Swedish 

population. 

 

III. Physical fitness, expressed as estimated VO2max, counter movement jump height, 

and number of times balance was lost during 60 seconds of one-legged standing, 

was found to be associated with self-perceived physical health in a large mixed 

sample of Swedish men and women aged 20 to 65 years. These associations were 

largely unchanged from 1990 to 2013, but estimated VO2max was the only physical 

fitness variable to remain after the more stringent statistical analysis’. Following the 

same strict statistical sifting procedure, age, and self-reported chronic disease, sleep 

problems, downheartedness, and dissatisfaction with life, were also found to be 

associated with self-perceived physical health in both genders and across time. 

 

IV. Swedish PAP was found to improve HRQoL, assessed by the SF-36, in older 

overweight adults. The group receiving PAP displayed beneficial changes in the SF-

36 MCS and PCS scales from baseline to follow-up. The control group exhibited no 

such changes. The intervention group improved more than the control group in the 

scale role emotional and the MCS, assessed as number of cases showing a relevant 

improvement. 

7.2 Validity of the Swedish National Board of Health and Welfare’s physical activity 

questions 

It was found that the Categorical answer mode displayed stronger concurrent validity than, 

foremost, the Open mode, but also the Table mode. The Categorical mode exhibited 

significantly stronger associations with accelerometer PA (MVPA/day in ≥10 -minute 

bouts, and % MVPA), VO2max in ml/kg/min, CMJ, BMI, waist circumference, TG, and 

general health than the Open mode. The Table mode showed validity as strong as the 
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Categorical mode with regard to associations with accelerometry and VO2max, but not with 

regard to the cardiometabolic biomarkers and general health, and it showed limitations in 

face validity of its discriminative capacity. The Open mode displayed significantly lower 

validity, overall, than the two other answer modes. The level of PA assessed by the PA -

questions showed a large variation in median activity minutes depending on the type of 

answer mode. 

 

Table 15   Validity of different physical activity questionnaires 

 Asociation with accelerometry PA 
level and aerobic fitness 

Capacity to discriminate 
sufficient from 

insufficient level of PA 

Questionnaire MVPA 
(minutes/day) 

VO2max Sensitivity Specificity 

The SNBHW PA -questions (paper I) rs = 0.14 to 0.31 rs = 0.16 to 0.31 ~0.63 ~0.59 

PAAT 263 rs = 0.38  0.71 0.67 

IPAQ 122 rs = 0.15 to 0.38  0.76 0.33 

IPAQ 215, 264 rs = 0.17 to 0.30  0.45 0.77 

GPAQ 265 rs = 0.27 to 0.38    

RPAQ 266   0.25 0.90 

AAS, IPAQ  & US BRFSS 267 rs = 0.13 to 0.47    

TWPAS 19 rs = 0.17    

SGPALS 87, 268, 269 rs = 0.23 to 0.28 rs = 0.17 to 0.44 0.75 0.54 

IPAI 128 rs = 0.27 to 0.34    

PHAS 87 rs = 0.31 rs = 0.22 0.56 0.56 

Note: PA, physical activity; MVPA, moderate and vigorous physical activity; VO2max, maximal oxygen uptake; 
SNBHW, ((Swedish) National) Board of health and Welfare; PAAT, Physical Activity Assessment Tool; IPAQ, 
International Physical Activity Questionnaire; GPAQ, Global Physical Activity Questionnaire; RPAQ, Recent 
Physical Activity Questionnaire; AAS, Active Australia Survey; US BRFSS, (PA module of the) U.S. Behavioral 
Risk Factor Surveillance System; TWPAS, Typical Week Physical Activity Participation Survey; SGPALS, Saltin-
Grimby Physical Activity Scale; IPAI, Improved Physical Activity Index; PHAS, PA-question by the Public Health 
Agency of Sweden 
 

Several other PA questionnaires have been compared with accelerometry. The results from 

paper I and from other PA questionnaire validation studies are presented in Table 15. This 

list is not exhaustive, but represents a selection of studies that were found relevant for 

comparison. Interestingly, Lee et al have suggested that correlations of 0.3 to 0.4 may be 

the best attainable correlation between a PA questionnaire and accelerometry270. Thus, the 

SNBHW PA -questions performed as well as many other established PA questionnaires, 

and the Categorical and Table modes may be close to the suggested best attainable level of 

correlation with accelerometry. 

The SGPALS was published in 1968 and has since then been used in studies involving 

more than 600 000 participants, most frequently in Scandinavia271. Similar to the SNBHW 

PA -questions, the SGPALS has been shown to discriminate between different levels of 

BMI272, TG, HDL, LDL, waist circumference, overweight, and glucose273, and others have 

found objectively measured sedentariness, PA level and fitness to be associated with such 

cardiometabolic biomarkers as well115, 274, 275. Further, in the same sample as in paper II, 
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self-reported PA level was associated with risk for the metabolic syndrome87 (see PHAS in 

Table 15). Because PA is known to affect several cardiometabolic biomarkers, it provides 

complimentary proof of validity if the SNBHW PA -questions captures them too. 

In the present study, associations were more often significant, and stronger, among men 

compared to women, and among those ≤ 50 compared to those >50 years old. These 

differences are important to bear in mind. Gender and age differences have also been found 

in a similar Norwegian study276. However, the gender and age stratified results reported in 

paper I were, if not inconclusive, ambiguous and difficult to interpret. 

Sensitivity, specificity, and AUC from the ROC analysis varied in the present study 

depending on the answer mode. The Open, Categorical, and Table modes, in that order, 

produced incremental activity minutes cut-offs for classifying subjects as sufficiently 

active. The overall tendency of discriminant capacity, in order from stronger to weaker, was 

Categorical and Table on par, and Open mode. Regarding the same study sample as in 

paper II, the SCAPIS pilot study, Ekblom-Bak and colleagues have reported stronger 

validity for a “fixed answer category”, compared to an open answer mode, in their 

respective capacity to identify individuals at risk for the metabolic syndrome87. 

The 12.5 and 11.5 points from the Categorical answer mode roughly translates to 245 

activity minutes. The cut-offs for sufficient level of PA are then, about 245 activity minutes 

(Categorical), 130 activity minutes (Open), and 450 activity minutes (Table). In this regard, 

the Open mode cut-offs are much closer to the recommended 150 minutes per week. One 

may argue that the Open mode outcome therefore is more pedagogical when counselling a 

patient, and that the Table mode is less suitable than the Categorical mode. Nevertheless, 

the SNBHW simply describe the outcome activity minutes as a stand-alone scale, that is, 

not equivalent to actual time spent physically active277. 

Much of what we know about the relationship between habitual PA and health is based on 

questionnaire data64, and the PA recommendations are also based on such information. 

Population PA estimates are generally higher according to self-report than accelerometry88, 

248. As shown in the present study, the same questions, but with different response modes, 

may have significantly different validity. Paper I highlights the importance of choosing, not 

only the proper question, but also the proper answer mode. 

Even though caution when interpreting PA assessed with self-report methods is 

recommended67, 72, it may be possible to develop better self-report questionnaires, with 

increased validity, by combining questionnaire data with more reliable, concurrent 

measurements. This is supported by Atienza and colleagues who have found that self-

reported and objectively measured MVPA might capture specific aspects of PA that are 

independently associated with certain biomarkers. They further concluded that future 

exploration of this “could help to better identify optimal activity level and pattern”9. This is 

important because self-report is still the preferable method in many instances, such as 

epidemiological studies, and in clinical practice. 

In PA questionnaire validity studies, a common conclusion is that the questionnaire may be 

used to estimate levels of PA on a population level, but not on an individual level63, 278, 279, 

and that it is useful for screening for appropriateness for entry into interventions280. The 

findings reported in paper I corroborate that. One of the objectives of the SNBHW PA -

questions was to capture stepwise changes in PA level277. This could not be assessed as the 

study in paper I was cross-sectional. Once a test-retest study has been performed, then a 

standard error of measurement can be calculated, which will enable the estimation of a 

MCID. 
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The findings in paper I are highly clinically significant as the SNBHW PA -questions are 

already in use within the Swedish health care system. Due to low validity of self-report PA 

assessment, many patients may be misclassified and treatment effects may go undetected. It 

is therefore important to identify simple questions appropriate for assessment of sitting 

time, PA level and physical fitness, as in papers I and III. Technologies such as wearable 

sensors and smart phones may further improve screening, prevention, and treatment.  

7.3 The physical activity pattern in the Swedish population aged 50 to 64 years 

On average almost two thirds of the accelerometer wear time was spent sedentary, more 

than one third in LIPA and less than 4% in MVPA, and the mean daily activity was 336 

cpm, in the SCAPIS pilot study. Regarding MVPA, this percentage equals approximately 

33 minutes of total MVPA per day. However, only 9.5 of those minutes were accumulated 

in prolonged bouts of MVPA. The results in paper II are in concordance with data on 

Swedish men and women of similar age collected in 2008. An average increase in the 

proportion of time spent sedentary from 2002 to 2008 by approximately 5% was reported in 

this population. No comparisons regarding time spent in LIPA and MVPA between that 

study sample and the SCAPIS pilot study are feasible as different accelerometer cut-offs 

were used106. 

In the SCAPIS pilot study, men spent more time sedentary, less time in LIPA, but more 

time in total MVPA, than the women. No significant gender difference regarding total daily 

activity, assessed as mean cpm was found. Similar gender differences have previously been 

reported in several studies72, 106, 109, 125, 276. The finding of higher sedentary time and lower 

time spent in MVPA in the oldest age-group (60-64 yrs) compared to the youngest (50-54 

years), resulting in lower mean cpm for the older participants, is also in line with previous 

reports109, 281. Moreover, participants with a higher education level spent significantly more 

time being sedentary than those without a university degree, but also a higher time in both 

total and prolonged bouts of MVPA, a pattern described previously in other studies276, 282. 

Regular interruptions in sedentary time by short bouts of light-intensity activity have been 

associated with a more healthy risk profile regarding waist circumference, triglyceride 

levels, 2-hour plasma glucose and C-reactive protein levels31, 199, postprandial glucose and 

insulin response, arterial function, blood pressure and gene expression201, 202, 283. Also, the 

accumulation of sedentary time in prolonged bouts has been shown to be more strongly 

related to metabolic risk profile, compared to sedentary time in shorter bouts284. In the 

present study, men not only spent a large proportion of total wear time being sedentary, 

they also spent approximately 40 more minutes in prolonged sedentary bouts and had fewer 

breaks per sedentary hour than women. Similar patterns were seen in participants with a 

high educational level. These findings highlight men and individuals with higher education 

level as especially important demographic groups regarding reduction of sedentary 

behaviors. 

Only 7% of the study population met the national PA recommendations. Although very 

low, this proportion is higher than previously reported in a mixed-age sample of Swedish 

adults, 1%108. Nevertheless, it highlights that as many as 93% of middle-aged adults may 

not engage in recommended amounts of PA. Interestingly, there were no subgroup 

differences in the proportion meeting the recommendations. However, it is important to 

keep in mind that the PA recommendations is largely based on self-report PA data.  

The results in paper II are interesting in the light of recent publications based on self-report, 

which, in comparison, report higher levels of PA, and less sedentary time285, 286. For 

example, the Swedish middle-aged participants in the Eurobarometer282 reported on average 
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6 hours sedentary time, compared to almost 9 hours in paper II. It is likely that self-report 

methods underestimate sedentary time63. The low validity of questionnaires for PA 

assessment is well known, as is supported by the results in paper I in this thesis, but 

sometimes neglected. Nevertheless, media often report high exercise and sporting activity 

in the Swedish population, and most information from governmental organizations 

regarding PA is based on self-reported data, while the overall activity level in the 

population may actually be very low. Further, factors such as social desirability and recall 

bias affects the validity of self-report methods62, 92. As these are more-or-less unavoidable 

factors they are important to keep in mind when interpreting data from questions regarding 

health, as in paper III, and PA -questions as well as results on their validity, as presented in 

paper I. Regular replication of validation studies have been proposed as a way to adjust for 

the effect of social desirability92, which theoretically may change with time in a given 

population. Finally, as described in the introduction and methodological considerations in 

this thesis, objective methods for PA assessment are not without limitations either. 

Accelerometers, for example, are known to underestimate high intensity PA. Although 

wearable sensor technology is a rapidly advancing field, using a combination of self-report 

and accelerometry methods may be the best approach for assessing sedentary time, LIPA, 

and MVPA in populations. The NHANES113, the SCAPIS pilot (paper II)87, and LIV 2013 

(paper I), are good examples of studies where both accelerometer and self-reported PA data 

were collected. Such studies are important for creating reference databases regarding 

sedentariness and PA level, and for revising existing PA recommendations to newer, and 

more precise, data. Further, the variations in time spent sedentary, LIPA and MVPA, were 

not reflected in the overall activity in paper II, hence, the assessment of all three 

components of the daily movement pattern is of high clinical relevance. 

In the whole study population as well as in the subgroup analysis, the stereotypical activity 

pattern called “active couch potato” was spotted287. This refers to individuals that are 

sufficiently active, but who also spend most waking hours sedentary. Although the 

proportion of the wear time spent sedentary was lower in the subgroup of participants 

meeting current PA recommendations compared to the rest of the sample (56.5% vs. 

60.9%), the majority of wear time was spent sedentary even among the sufficiently active. 

The high proportion of sedentary time and low levels of fulfillment of PA recommendations 

in paper II are highly clinically relevant findings as a recent study based on historical trend 

data forecast an increase in weekly sedentary time by several hours until the year 2030, 

with a subsequent decrease in PA level176. 

Because of the methodological differences between studies, comparisons are to be done 

with caution. However, one may compare the results from papers I and II to the studies 

presented in Table 1 in the introduction section that also used Actigraph accelerometers and 

Troiano (as in paper II) or Freedson (as in paper I) cut-offs. A statistical comparison of the 

results from the studies presented in Table 1 that used the Troiano cut-offs to those that 

used the Freedson cut-offs showed that they did not differ significantly (not reported). 

Hence, even if not fully scientifically correct, a comparison between the results from those 

studies and the sample characteristics presented in papers I and II may be done for the sake 

of discussion. 

The un-weighted mean values show that the participants spent their time mostly sedentary 

(60%), followed by time spent in LIPA (36%), and MVPA (4%), out of which one fourth 

was MVPA in 10 -minute bouts (1.1%). This is surprisingly similar to the results in paper II 

(60%, 33%, 4%, and 1.1%, respectively), and paper I (4% MVPA). Further, the minimum 

and maximal values for time spent sedentary, in LIPA, and in MVPA found in the different 

studies did not overlap, indicating that this pattern may be a global phenomenon. The first 

and third quartiles in paper II also indicate that this PA pattern was fairly robust across 
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individuals in the Swedish sample from Gothenburg. Finally, the first and third quartiles for 

time spent sedentary, in LIPA, and in MVPA in Table 2 in the introduction section, 

representing data from six different continents, did not overlap. This further supports the 

robustness of this PA pattern as an international phenomenon. However, the results in 

Tables 1 and 2 are predominantly based on samples from the USA (n=16), Japan (n=9), 

Sweden (n=7), and the United Kingdom (n=5), thus generalizability to other nations is 

limited. Nevertheless, others have acknowledged this stereotypical PA pattern as well24. 

In the studies where Actigraph accelerometers and Troiano or Freedson cut-offs were used, 

about 14% of the participants fulfilled the recommendation of at least 150 minutes MVPA 

accumulated via bouts of 10 minutes or longer per week (Table 2). The same number 

derived from all studies in Table 1 was 23%. That may be compared to 25% in paper II, and 

40% in paper I (not reported). Thus, globally, the major part of populations may be 

insufficiently active. If the distribution of time spent sedentary, in LIPA, and in MVPA is 

indeed robust internationally, it may still be of great importance to further map out the 

characteristics of the sedentary and PA behaviors (i.e. prolonged sitting, breaks per 

hours120, length of bouts, mode), and where and when these behaviors occur, as well as the 

proportion of individuals who are sufficiently active. The data presented in Table 1, and the 

results in papers I and II, highlight the need to further develop standards for objective 

assessments of PA in populations. 

7.4 The association of self-perceived physical health and measured physical fitness 

Estimated relative VO2max was found to be associated with self-perceived physical health 

in a large adult mixed sample in Sweden (paper III). These associations were largely 

unchanged from 1990 to 2013, and after adjustment for several important covariates. 

VO2max was the only fitness variable to remain after the backward stepwise exclusion. 

Similar associations between self-perceived fitness and objectively measured physical 

fitness was reported by Lamb in 1992288. In the present study, age, and self-reported 

chronic disease, sleep problems, downheartedness, and dissatisfaction with life, were also 

associated with self-perceived physical health in both genders and across time. This may to 

some degree be explained by an inverse association between insomnia and VO2max289, and 

associations between cardio-respiratory fitness and HRQoL290, and self-rated health291; 

between self-perceived fitness and self-perceived health288; and between objectively 

measured fitness, HRQoL, self-perceived physical fitness, and morbidities175, reported by 

others. Perceived physical health increased with increasing age among the women, and 

decreased with age among the men. This gender difference was highly significant. 

Nevertheless, no other interaction of gender or sample (as a proxy of time), could be found. 

The robustness of the association between physical fitness and self-perceived health is 

important to take into account in today’s society, where physical inactivity is increasing 

globally176 but the trends in fitness levels vary between nations and populations292-296. 

Further, fitness, compared to PA level, is the stronger predictor of cardiometabolic risk297, 

morbidity and mortality56, and higher levels of fitness may counteract adverse health 

outcomes associated with sedentariness, regardless of meeting PA recommendations298. 

Others have found self-reported health and self-reported fitness to be independent 

predictors of mortality170, and self-efficacy to perform PA to be superior to self-reported 

PA level in predicting cardiovascular events299. To objectively measure physical fitness in 

studies is not always possible, thus good self-report proxy measures of fitness, PA, as in 

paper I, and health, as in paper III, are important170. A good example has been demonstrated 

by Stamatakis et al who presented an algorithm based on age, sex, BMI, resting heart rate, 

and self-reported PA that predicts mortality300. 
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7.5 The effect of the Swedish physical activity on prescription model on health-related 

quality of life 

The main finding is that Swedish PAP improved HRQoL, assessed by the SF-36 MCS, 

among older adults with abdominal obesity. The group receiving PAP displayed beneficial 

changes in the SF-36 MCS and PCS scales from baseline to follow-up. The control group 

exhibited no such changes. The intervention group improved more than the control group in 

the scale role emotional and the MCS, assessed as number of cases showing a relevant 

improvement. These findings are in line with an uncontrolled study of Swedish PAP163. 

Further, in five Danish programs, exercise on prescription led to HRQoL improvements in 

10%–33% of the participants151, and in New Zealand prescribed PA has been shown to 

increase PA and HRQoL among inactive women301. 

The placebo and Hawthorne effects could have an impact on the results reported here, 

masking a larger true effect147. On the contrary, practitioners in a regular clinical setting 

might not deliver Swedish PAP with the same confidence or emphasis as in this trial, which 

may lead to a smaller true effect. The latter seems less likely when comparing the present 

study to an uncontrolled study, conducted within the Swedish health care system163. That 

study presented significant increases in all but one of the SF-36 domains, while the present 

controlled study only identified effects on two of the SF-36 domains. Thus, the true effect 

of Swedish PAP on HRQoL may possibly be larger than in paper IV. 

7.6 Strengths and limitations 

The strengths in paper I are the testing under free-living conditions, the use of 

accelerometers, the utilization of several different accelerometer measures, and the 

stratified analyses. We found gender and age differences in the studies reported in paper II 

and III as well, something that may be expected as the concordance between accelerometry 

and PA-questions is likely affected by, among many possible factors, age and gender62. 

ROC results based on two different accelerometer cut-offs were presented, partly because 

both accelerometers and questionnaires have limitations in correctly measuring PA 

characteristics such as intensity124, 302, and only using one accelerometer cut-off would limit 

the basis for inference. Another reason was that we found the accelerometer MVPA per day 

in bouts of at least 10 minutes cut-off to classify two fifths as sufficiently active, and the 

MVPA cut-off regardless of duration per bout to classify twice as many as sufficiently 

active (not reported). Large discrepancies between these two cut-offs, regarding the same 

target population, have been reported by others108. It is therefore a strength to present 

sensitivity and specificity results calculated for both cut-offs. It is also a strength that 

measures of physical fitness, general health, and biomarkers in blood also were used. 

Nevertheless, the major limitation in paper I is that accelerometry does not assess the actual 

PA and sedentary behaviors62, some sort of observational technique is needed to capture 

that. Further, repeated measures were not used, thus, the SNBHW PA -questions’ ability to 

assess changes over time in individuals’ PA levels could not be tested. The SNBHW PA -

questions also had a misprint in the Categorical answer mode regarding every day PA. The 

original has seven answer options, and the printed version for paper I had only six options. 

Further, the gender differences should be interpreted with caution, because the women 

numbered more than twice as many as the men. The study included a convenient sample, 

the employee cohort, which limits generalizability. 

A strength of the study presented in paper II is the objectively assessed time spent 

sedentary, in LIPA, and in MVPA, which gives a more valid estimate of actual daily 

movement pattern than self-report methods do. This is supported by findings reported by 
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Steene-Johannessen and colleagues67. Troiano and colleagues have pointed out that it is 

important to measure both sedentary and PA behaviors to fully capture the human 

movement pattern30. The additional reporting of PA in mean total daily accelerometer 

counts is also a strength120, 191, as this measure is the closest to the raw accelerometer output 

(meters per seconds squared), and encompasses all intensities recorded by the device115. 

Another strength of the SCAPIS pilot study is the representative sample of the study 

population, but extrapolating the results to individuals outside the Gothenburg region, as 

well as to men and women of other ages, should be done with caution. 

The study in paper III lacked a measure of the level of PA that was directly comparable 

across all three LIV-studies. Nevertheless, the level of PA is, to some degree, reflected in 

the level of physical fitness, which was measured in all three samples. There was no 

obvious over-all trend in physical fitness from 1990 to 2013 but an increase in absolute 

estimated VO2max and decreased balance was seen among the women, and decreased CMJ 

height and balance was seen among the men. Despite this, the results were intact after 

mutual adjustment as well as after multiple adjustments for demographics and different 

measures of self-perceived health in the whole sample. A limitation is that the self-

perceived health question has not been validated. However, the question is very similar to 

its model, How would you assess your health?, which displays high validity with regard to 

predicting mortality256, and has been found to be associated with disability benefits, chronic 

disease, and psychological and physical distress41. Further, the findings in paper III may 

also, in themselves, be interpreted as some proof of validity. As discussed in the section on 

methodological considerations above, the answers to these two questions were associated, 

and displayed similar associations with all physical fitness variables. The single item 

measure of self-perceived physical health presented in paper III is one of many available. In 

other studies, it is common to use several questions to form an index of general health or 

HRQoL. This limits comparisons to other studies. However, the major limitation in paper 

III is that the LIV-samples cannot be proven to be nationally representative. This is partly 

due to low participation rate in LIV 2000 and 2013, and partly because the sampling 

procedure was restricted to certain counties. However, because the analyses were based on 

relations within the samples, the results may well give important information. Differences 

in sample sizes in the LIV 2000 and LIV 2013, and in number of participants that 

performed the fitness tests, also affects the obtained significance in the analyses, and 

complicates interpretation. 

The main strength of the study reported in paper IV is the randomized and controlled 

design. Other strengths are that all ten SF-36 scale and component summary outcomes are 

reported, and the use of intention-to-treat analysis. Cut-offs for clinically relevant changes 

in SF-36 scales, derived both according to new methods, and by a more traditional method, 

were used. The two different methods showed high agreement. This is a strength and 

improves comparability and interpretation. Compared to Swedish normative data available 

for 65- to  69- year old men and women (n = 517)220 the study sample in paper IV had 

significantly higher mean scores for role physical (diff = 12, p < 0.001), and general health 

(diff = 5, p < 0.5), but did not differ for the other six SF-36 scales (PCS and MCS not 

included in the normative data base). Further, the participants in that study were recruited 

from a larger randomly selected population sample. Thus, the sample in paper IV may be 

fairly representative of the Swedish population of the same ages with regard to HRQoL, 

which is a strength. However, representativeness may be limited to the Stockholm area. 

Limitations in papers I and II include the inability of the accelerometers to differentiate 

between sitting and standing as well as the automated wear time estimation used, as low 

counts over 60 minutes may be common. However, this was chosen as no individual wear-

time logs were available, and to enable comparison with previous published data. Further, 
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although well-tested and commonly used accelerometer data reduction methods were used 

in LIV 2013 and the SCAPIS pilot study, these methods may limit representativeness as 

others have reported significant differences between participants with and without valid 

accelerometer data regarding age, BMI and several other important demographical, lifestyle 

and cardiovascular biomarkers241. 

The high number of hypothesis tests in all four papers in this thesis increase the likelihood 

of multiple testing bias. However, results that were significant at the level of p<0.01, or the 

Bonferroni -adjusted level, were emphasized. Further measures were also taken to minimize 

multiple testing bias in the study reported in paper IV. They included choosing a non-

parametric method if a parametric method was not fully justifiable; if applicable, using a 

relevant change cut-off; and utilizing the intention-to-treat approach. Another important 

factor is face validity. If significant results touch upon the same phenomena, and point in 

the same direction, as they do in paper III and IV, then the findings are likely not to be 

caused by multiple testing. Nevertheless, the reader should be observant because results at 

the level of p < 0.05 were also presented, which may be caused by multiple testing. 

Further, HRQoL is often applied as a secondary outcome measure in exercise trials222, and 
the study reported in paper IV is no exception. Sample size calculations based on normative 
Swedish data (power = 0.80, α = 0.05) show that the sample size in this study is sufficient 
to detect a 20 -point difference between the two groups at follow-up, and a 10 -point 
difference between baseline and follow-up within groups, for all SF-36 scales, and a 10 -
point between group difference at follow-up for the scales physical functioning, general 
health, vitality, social functioning, and mental health220. However, the statistical power 
obtained ranged from weak (0.15) to moderate (0.62). Low statistical power is thus a 
limitation in this study. Finally, many components of the questionnaires used in the studies 
in papers I - IV are stand-alone tools, thus, validity might be compromised when combining 
them. 

7.7 Conclusions 

The SNBHW PA -questions’ Categorical mode is more strongly associated with PA 

assessed by accelerometer and VO2max than the Open mode, and with the level of several 

cardiometabolic biomarkers and general health than both the Open and Table modes. The 

SNBHW PA -questions’ capacity to correctly classify insufficiently active individuals is 

fair, but with a large proportion of misclassification. They may be used to estimate levels of 

MVPA on a population level, and as a clinical screening tool for determining individuals’ 

appropriateness for treatment or inclusion in interventions. The validity of the SNBHW PA 

-questions is in line with several other, extensively used PA questionnaire tools, except the 

Open mode, which has low validity. Out of the three answer modes, the Categorical mode 

is the most suitable for documenting patients’ PA level in medical records. These findings 

are important because the SNBHW PA -questions are already in use in the Swedish health 

care system today. 

As measured with accelerometers, two thirds of the waking time of a large sample of 

Swedish adults aged 50 – 64 years was found to be spent sedentary. That is several hours 

higher than previously reported in studies using questionnaires. Only 7% of the study 

participants met the current national PA recommendations. Most population data provided 

by governmental organizations regarding PA level are based on self-report data, thus, as the 

present study results imply, the actual overall activity level may be much lower. A 

combination of self-report and accelerometry methods may today be the best approach for 

assessing sedentary time, LIPA, and MVPA in populations. Studies like SCAPIS and LIV 
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are important for creating reference data regarding sedentariness and PA level, and for 

revisions of existing PA recommendations according to newer, and more precise, data. 

Foremost, the findings presented here emphasize that a great challenge to enhance the 

implementation of methods to increase the level of PA, and decrease time spent sedentary, 

like the Swedish PAP method for example, lies ahead of us. 

Self-perceived physical health was found to be related to estimated VO2max, CMJ, and 
balance, in a mixed sample of Swedish adults aged 20 - 65 years. The results regarding 
VO2max were robust across three time points from 1990 to 2013. The most important 
fitness correlate to self-perceived physical health was estimated VO2max, and age, self-
reported chronic illness, sleep problems, and dissatisfaction with life were important 
covariates. These findings are clinically relevant as self-perceived health is important for 
over-all health, and morbidity and mortality specifically. A simple, and easy-to-learn 
aerobic fitness test, such as the Ekblom-Bak test, can provide clinicians with vital physical 
fitness data that would further improve assessment of patients. However, to objectively 
measure physical fitness is not always possible, thus, good self-report proxy measures are 
important, not at least for the health care service, due to the evident health consequences of 
physical fitness. The physical health question used in the present study may provide such a 
proxy measure to be used along with, for example, the SNBHW PA -questions. Further, if 
the phenomenon social desirability affects the associations described here, it did so to an 
equal extent in 1990, 2000, and 2013. This may be proof that, regardless of known self-
report measurement errors, physical fitness is equally important for self-perceived physical 
health now as in 1990, in spite of increased sedentariness, decreases of physically 
demanding jobs, and increased passive vehicular transportation. 

The Swedish PAP model was found to have a positive and clinically relevant effect on 
mental aspects of HRQoL measured by the SF-36 among older men and women with 
abdominal obesity. Measures of HRQoL are often used to evaluate effects of medical 
treatments, thus these results add legitimacy to the Swedish PAP method. The study was 
performed within the Swedish health care system and included individuals with increased 
risk for non-communicable diseases. The control group was given a PA treatment similar to 
what is commonly used if the practitioner does not use Swedish PAP. These findings 
support the clinical use of the Swedish PAP model. 

7.8 Future directions 

The SNBHW PA -questions’ test-retest reliability and responsiveness to behavior change 

should be evaluated262. There is also a need to further analyze the nuances of the 

associations presented in paper I, that is, to test the interaction of gender and age as well as 

assessing confounding and covariance by multivariate modelling. As Haskell has pointed 

out, the first thing to ask is why the self-report and accelerometer results differ64. Answers 

to the SNBHW PA -questions should also be compared to other, established, PA-

questionnaires, as well as to PA diary data. Future similar studies should include analysis 

adjusted for gender and age. 

An evaluation of adherence to PA recommendations derived by accelerometer recordings 

may not be completely correct, as mainly self-report questionnaire data were used to 

develop current recommendations64. However, due to the increased use of objective 

measures of PA in epidemiological research, there is a need for recommendations based on 

objective data72, 108, 275. Such research may also detect the lower and upper limits of daily 

health promoting PA levels64, that is, what is too little and what is too much, and what a 

revised recommended PA level should be. Some have provided answers to aspects of those 

questions3, 13, 56, 116, 120, 303-307, but more detailed knowledge is needed308. Further, 
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assessment of time spent sedentary, in LIPA and in MVPA, as well as the overall physical 

activity level should be used as equally complimentary measures in future studies. 

The development of internationally comparable questions and assessment methods 

regarding PA, fitness, and health is needed to further understand cultural and ethnical 

similarities and differences. Further research is needed to establish causal relations, as the 

findings in paper III are based on cross-sectional data. Nevertheless, others have reported 

that physical fitness may be estimated using age, BMI, waist circumference, resting heart 

rate, and self-reported smoking and PA level in adults in Dallas, USA309, and age, BMI or 

waist circumference, and step counts and VPA measured by accelerometer, in Japan134. 

Thus, similar prediction models may be developed for the Swedish population. 

Future studies evaluating the effect of PAP on HRQoL should be statistically powered to 

detect clinically relevant changes and set HRQoL as a primary outcome. It is of importance 

to choose the most appropriate method, out of several available, for handling and 

statistically analyzing SF-36 data. Objectively measured aspects of PA other than just steps 

per day, such as the use of accelerometers, may add quality. More studies with longer 

follow-up periods are needed. 
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8 SAMMANFATTNING 

Bakgrund 

Det finns ett behov av effektiva och billiga verktyg för mätning av patienters grad av fysisk 

aktivitet (FA). Paper I är en validering av Socialstyrelsens indikatorfrågor om FA och dess 

tre svarssätt, som används inom svensk vård. Stillasittande, lätt FA, och medel- och 

högintensiv FA är kopplade till hälsa och livslängd, men det är en brist på detaljerad 

objektiv befolkningsdata gällande dessa tre fenomen. Paper II är därför en sådan 

datainsamling. Låg självskattad hälsa är starkt kopplat till framtida sjuklighet och dödlighet, 

men denna sorts samband kan ha förändrats över tid eftersom samhället och vår livsstil har 

förändrats. I paper III granskas sambandet mellan självskattad hälsa och kondition (som 

också är en viktig faktor för sjukdom och dödlighet), och andra viktiga inverkansfaktorer, 

över tid. I paper IV granskas effekterna av fysisk aktivitet på recept (FaR®) på 

hälsorelaterad livskvalitet hos överviktiga äldre då detta är en viktig utkomst att ta hänsyn 

till och resultat från tidigare studier är tvetydiga. 
 
Metod 

Data från de två FA-frågorna jämfördes med data från accelerometrar, konditions-, 

benstyrke- och balanstest, blodprov, och självskattad hälsa hos 365 vuxna i åldern 21‒66 år. 

I SCAPIS pilotstudie, omfattande 948 deltagare i åldern 50‒64 år, mättes FA-mönstret med 

accelerometrar. Självskattad fysisk hälsa, resultat från konditions-, benstyrke- och 

balanstest, och data om demografi och livsstil granskades i LIV-studiens tre oberoende 

stickprov från 1990, 2000 och 2013. Effekten av FaR® på hälsorelaterad livskvalitet 

analyserades via en klinisk studie där 101 inaktiva och överviktiga män och kvinnor, 67‒68 

år, randomiserades till FaR®-behandling eller till en kontrollgrupp. 
 
Resultat 

Flervalsalternativet visade sig vara det svarssätt med högst pålitlighet, dvs. validitet, av de 

tre svarssätten till Socialstyrelsens två FA-frågor. Frågornas validitet är i nivå med många 

andra internationellt etablerade FA-frågor. Det helt öppna svarssättet visade sig dock ha 

svag validitet. Mätningen av FA-mönster visade att 61% av vakentiden motsvaras av 

stillasittande, 35% av lätt FA, och 4 % av medel- och högintensiv FA. Endast 7% av 

deltagarna levde upp till rekommenderad grad av FA. Oddsen för att klassa sin fysiska 

hälsa som god ökade 5% för varje ökning i syreupptag med 1 milliliter per kilo kroppsvikt 

och minut. Detta samband var robust hos både kvinnor och män och i alla tre av LIV-

studiens stickprov, dvs. över tid. En större andel individer uppvisade en klinisk relevant 

förbättring i de mentala aspekterna av hälsorelaterad livskvalitet i gruppen som fick FaR®-

behandling jämfört med kontrollgruppen. Fysiska aspekter av hälsorelaterad livskvalitet 

förbättrades även i FaR®-gruppen, men inte i kontrollgruppen. 
 
Slutsats 

Resultaten indikerar att Socialstyrelsens två FA-frågor lämpar sig bäst på befolkningsnivå 

eller för större grupper, men kan även användas för att bedöma individers lämplighet för 

olika sorters behandling. Av de tre svarssätten kan flervalsalternativet vara lämpligast. Vid 

användning på individnivå måste verktygets styrkor och svagheter tas i beaktande. Baserat 

på dessa resultat går det inte att dra slutsatser om frågornas kapacitet att upptäcka 

förändringar i individers FA över tid. Mätningen av befolkningens FA-mönster visar att en 

stor utmaning fortfarande ligger framför oss i att vidare tillämpa metoder för att öka graden 

av FA och minska stillasittandet i befolkningen. God syreupptagningsförmåga är kopplat 

till självskattad fysisk hälsa oberoende av förändringar i samhället och vår livsstil. Enkla 

frågor kan vara användbara inom hälso- och sjukvård för att bedöma individers kondition. 

FaR® har en positiv effekt på mentala aspekter av hälsorelaterad livskvalitet hos överviktiga 

äldre. Dessa resultat stödjer fortsatt bruk av FaR® inom hälso- och sjukvården. 
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