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ABSTRACT
Physical activity is one of the most important public health determinants, and the health 
care sector is highlighted as a central setting in the promotion of physical activity in the 
population as well as at an individual level. One method that has attracted attention 
over recent years, is physical activity prescribed by doctors or other health care 
professionals, even though there is insufficient evidence to determine that any method 
of promoting physical activity in the health care setting is superior to another. It is 
therefore important to investigate whether physical activity on prescription leads to a 
more physically active lifestyle and to possible health benefits in clinical settings. 

This thesis investigated the effectiveness of individualized physical activity on 
prescription making use of two studies with different design and conducted within two 
different clinical settings. The study populations included patients in general primary 
health care centres (n=481, 75% female, mean age 50 years [12–81]) and elderly 
insufficiently physically active individuals with overweight and abdominal obesity 
recruited from a population based ongoing prospective cohort study (n=101, 57% 
female, 67-68 years).  

The main finding was that individualized prescriptions of physical activity increases 
physical activity level for at least six months. Physical activity on prescription can be 
suitable as conventional treatment in an ordinary primary health care setting to promote 
a more physically active lifestyle. Self-reported physical activity level, stages of change 
and quality of life increased significantly, and the adherence to physical activity on 
prescription was 65%, which is as good as adherence to other treatments of chronic 
diseases. In elderly people with overweight physical activity on prescription is an 
effective method to increase physical activity level, as significantly higher 
improvements were seen in the intervention group (two to three times higher) than in 
the control group regardless of assessment method. Individualized physical activity on 
prescription also improves body composition and reduces cardiometabolic risk factors 
in older insufficient physical active overweight individuals.  

This thesis shows that individualized physical activity on prescription (PAP) is 
effective in clinical settings. 

PAP can be carried out as a part of routine care and is effective in promoting 
physical activity.  
Adherence to PAP in primary health care settings is as good as adherence to other 
treatments of chronic diseases.  
Self-reported quality of life, both regarding physical and mental aspects increased 
6 months after receiving PAP.  
PAP increased physical activity level three times more than in a control group. 
PAP reduced several cardiometabolic risk factors in elderly women and men with 
low physical activity level, overweight and abdominal obesity.  

Therefore, physical activity on prescription has a potential to become an important 
method for promoting physical activity in a public health perspective, thus improving 
health and quality of life, and decreasing disease burden both for individuals as well as 
for the health care system.  
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1 BACKGROUND 

1.1 PHYSICAL ACTIVITY ASSESSMENTS 

Physical activity is defined as any bodily movement produced by skeletal muscles that 
results in energy expenditure [1]. Physical activity is a complex and multidimensional 
behaviour difficult to measure. A variety of methods have been used to assess physical 
activity [2-4]. It could be measured as either the behaviour or the energy expenditure of 
the activity, even though physical activity and energy expenditure are not synonymous 
terms. Physical activity is a behaviour resulting in energy expenditure and the energy 
expenditure reflects the energy cost associated with a given activity.  

Energy expenditure is a direct function of all metabolic processes involved with the 
exchange of energy required for muscle contraction associated with a given activity, 
and is influenced by, for instance, body weight, age and fitness level [5]. Direct 
methods of measuring energy expenditure are doubly labelled water and calorimetry 
(e.g. body heat production) and indirect methods are indirect calorimetry (e.g. oxygen 
uptake, production of carbon dioxide), physiologic measures (e.g. heart rate, 
ventilation, body temperature, estimated cardio-respiratory fitness) [5].  

No single method is available to quantify all aspects of physical activity under free-
living conditions and complementary methods are needed, especially when measuring 
physical activity in people with low physical activity level or with chronic illnesses [6-
8]. However, a combination of methods in intervention studies are seldom reported [9]. 

Physical activity level can be measured by indirect methods such as self-reported 
answers to questionnaires and fitness tests, or by direct methods such as motion sensors 
(accelerometer, pedometer), diaries and logs [7]. All methods have specific advantages 
and disadvantages [2, 4, 5, 10]. In large population studies the only feasible method is 
self-reported physical activity collected through questionnaires [11]. Questionnaires is a 
cheap method and easily applicable on large samples and can be used to classify people 
into different categories of physical activity level and to monitor changes in population 
activity [2, 12]. Limitations of using questionnaires are the limited reliability and 
validity, the dependence on respondents’ memory and interpretation, and it can be 
influenced by social desirability. Many questionnaires also suffer from “floor effects” 
(i.e. the lowest score available is too high for some respondents) and fail to capture the 
lower end of the continuum of physical activity, and consequently can not measure low 
physical activity levels in sedentary people [7, 12].  

Objective measurement with pedometer has the advantage of being simple and 
inexpensive, but assesses only number of steps and consequently misses to detect 
several important types of physical activities, such as bicycling, training of strength and 
swimming. Another limitation is the less accuracy at speeds less than 4 km/h and both 
pedometer accuracy and walking speed decreases with age, weight, body mass index 
(BMI), waist circumference and pedometer tilt [13-15]. 

Several of the direct methods have the disadvantages of being time or labour intensive, 
costly, or put a burden on participants [10]. Described records, diaries and logs provide 
a detailed description of performed activities, but require the participants to record the 
individual bouts of activity as they occur during the day leading to a burden on both 
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participants and data analysis [4]. An overview of assessment methods for physical 
activity as a behaviour is presented in Table 1.1 [2-5, 16]. 

Table 1.1. Overview of physical activity assessment methods 
Method Advantages Disadvantages 
Direct 
Direct 
observation 

Quantitative and qualitative 
information  

Time and labour intensive 
May alter normal physical activity behaviour 
(reactivity) 

Accelerometer  Objective 
Recording of accelerations in 
more than one plane and for 
extended period 
Indication of intensity of the 
movement 

Expensive for both unit cost and data 
management 
No recording of upper-body movements, 
carrying a load 

Pedometer Objective  
Simple and inexpensive 

Only walking or running steps 
No recording of horizontal or upper-body 
movements 
No information of specific activity or intensity 

Records, logs, 
diary

Quantitative and qualitative 
information 

Self-report 
Rely on respondents ability to provide good 
information 
Burden on both participants and data analysis 
May alter normal physical activity behaviour 
(reactivity) 

Indirect 
Questionnaires 
and recalls 

Quantitative and qualitative 
information 
Inexpensive  
Possible to use in large-scale 
studies and surveys 

Self-report 
Rely on respondents ability to provide good 
information 

Sedentary behaviour is often not well defined and the least well measured dimension of 
measurable components of self-reported physical activity [7, 17-19]. As measurement 
of physical activity in people that are sedentary or with low physical activity level is 
difficult and existing self-report methods suffer from floor effects, it is important to 
measure the sedentary behaviour and not just define it as lack of physical activity [7, 
17]. The most common method used, so far, has been questionnaires asking about 
television viewing, especially among youth. One questionnaire that has acceptable 
reliability and has been found valid for men and women from several countries for 
assessing total time per day spent sitting is the sitting items from short version of the 
IPAQ last 7-days questionnaire [17]. When using accelerometer sedentary behaviour is 
often defined as minutes with counts <100 per minute as this captures time spent sitting 
or lying still, such as while watching television and playing video games [17].  

1.2 PHYSICAL ACTIVITY AND PUBLIC HEALTH 

1.2.1 Magnitude of the public health problem of physical inactivity 
Insufficient physical activity constitutes a global health hazard, due to its worldwide 
prevalence, its large role in non-communicable disease risk and the fact that physical 
inactivity is one of ten powerful risk factors for dying prematurely [20, 21]. Increasing 
physical activity and obesity prevention are now considered to be as important as 
tobacco control to minimising the burden of non-communicable diseases [18, 21, 22]. 
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Conservative estimate of the burden attributable to inactive lifestyles have been 
estimated, but it is probable underestimated [23]. Successful promotion of a more 
physical active lifestyle would prevent at least 2 million premature deaths and 20 
million disability-adjusted life years (DALYs) worldwide [23]. Inactivity accounts for 
at least 22% of ischemic heart disease, 11% of ischemic stroke, 14% of type 2-diabetes, 
16% of colon cancer and 10% of breast cancer worldwide [23]. 

In Europe physical inactivity is the 5th leading mortality risk factor, and the 4th (women) 
or 7th (men) leading risk factor for burden of disease [24]. Every year, physical 
inactivity is responsible for 600 000 deaths (6% of the total) and 5.3 million DALYs  
(3.5% of the total) in the WHO European Region [25]. In addition, physical inactivity 
is also associated with three of the other leading risk conditions: high blood pressure, 
high blood cholesterol and overweight that are responsible for 12.8%, 8.7% and 7.8% 
of DALYs respectively [25]. In Sweden  physical inactivity is the 5th (women) or 6th

(men) leading risk factor for burden of disease, otherwise there are no major differences 
between WHO European Region data and Swedish data [26].  

1.2.2 Physical activity and health 
Strong evidence links higher levels of physical activity to improved health [16, 27-29]. 
Increased physical activity improves quality of life, and individuals reaching 
recommended physical activity levels are more likely to have a better overall health-
related quality of life and perceived health status than those who did not [30-32]. 

Regular physical activity is widely accepted as a behaviour to improve a number if 
health outcomes and reduce all-cause mortality. However, fitness is a more common 
outcome than physical activity, when the association between physical activity and 
health is studied. Although, there is a dose-response relation between physical activity 
and fitness [33, 34],  and Lee concludes that “Even little is good; more may be better” 
[34].  The dose-response relation between physical activity and health is evident in 
some cases, i.e. all-cause mortality, total cardiovascular diseases, coronary heart disease 
incidence and mortality, and for the incidence of type 2-diabetes [35]. On the other 
hand, it is more difficult to determine for other health outcomes, as it is not that well 
studied or due to methodological problems [35].  

Insufficient physical activity and high BMI constitute a global health hazard, due to 
their worldwide prevalence and their association with increased risk for diseases such 
as type 2 -diabetes, ischemic heart disease, hypertension, stroke and several forms of 
cancer [20, 36]. In addition enlarged waist, i.e. abdominal obesity, is associated with 
increased risk of cardiovascular diseases, type 2 -diabetes as well as mortality [37-41]. 

Epidemiological studies show that physically active individuals run a lower risk of type 
2 -diabetes and a 50% less risk of dying from cardiovascular diseases when compared 
to inactive persons. Furthermore, physical active overweight and obese individuals 
have a lower risk of all-cause and cardiovascular disease mortality than inactive 
overweight or obese individuals [28, 29, 42-44]. Avoiding a sedentary lifestyle during 
adulthood prevents cardiovascular disease independently of other risk factors and 
substantially expands the total life expectancy and the cardiovascular disease–free life 
expectancy [45]. Moderate and high physical activity levels led to 1.3 and 3.7 years 
more in total life expectancy and 1.1 and 3.2 more years lived without cardiovascular 
disease, respectively, for men aged 50 years or older compared with those who 
maintained a low physical activity level. For women the differences are 1.5 and 3.5 
years in total life expectancy and 1.3 and 3.3 more years lived free of cardiovascular 
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disease, respectively [45]. Three randomised controlled studies in overweight men and 
women with impaired glucose tolerance have shown that a combined intervention with 
diet and physical activity can reduce the risk for type 2-diabetes by approximately 50% 
[46-48]. Within the first year cardio-metabolic risk factors such as waist, glucose, 
insulin, lipids and blood pressure decreased significantly in the intervention group [47]. 
Although the Chinese Da Qing study investigated the separate effects of diet and 
exercise [46], the independent effect of increased physical activity is still not fully 
studied. In men with type 2-diabetes monitored for 15 years the total mortality was 
50% less in those who undertook regular physical exercise [49]. Some randomised 
controlled studies have demonstrated that abdominal fat is reduced with more physical 
activity as well as the  total weight [50, 51].  

A review of epidemiological studies regarding mortality, coronary heart disease, 
diabetes, and specific metabolic risk factors conclude that inactivity (sitting) and low 
non-exercise activity may produce serious health problems, and this cannot simply be 
explained by exercise deficiency [52-54]. 

According to Pedersen and Saltin (2006) the evidence of physical activity in selected 
cases suggests that exercise therapy is just as effective as medical treatment – and in 
special situations more effective – or adds to the effect [27]. In the medical world it is 
traditional to prescribe the evidence-based treatment known to be the most effective 
and entailing the fewest side effects or risks. Today there are a number of documents 
that describe the health benefits of physical activity and its role in prevention and 
treatment of several disorders and diseases [16, 27, 55, 56]. For instance insulin 
resistance, dyslipidemia, hypertension, obesity, coronary heart disease, osteoarthritis, 
cancer and depression. Therefore, it is urgent to find methods that may increase 
physical activity as well as reduce sedentary behaviour such as sitting.  

1.2.3 Physical activity and older adults  
Because most chronic diseases manifest themselves late in life, aging individuals need 
to adopt healthier behaviours, such as increased physical activity, to change risk factors 
and to avoid or delay preventable disability. However, risk factors such as overweight, 
obesity, and central obesity increases with age, while physical activity decreases with 
increased age [23, 57-61]. Increased physical activity might counteract age-related 
changes and performance loss [62]. In the age group 60 to 69 the relative risk estimate 
globally for physically inactive versus sufficiently active is 1.7 for ischemic heart 
disease, 1.5 for ischemic stroke, 1.7 for colon cancer, 1.4 for type 2 -diabetes and, for 
women, 1.3 for breast cancer [23]. In Sweden people 60-years of age have an 
accumulation of risk factors for developing type 2-diabetes and cardiovascular diseases. 
A cross-sectional study shows that 68% of 60-year old women and men reported 
inactivity or light physical activity [63] and that 69% of the men and 60% of the 
women were overweight, 19% and 20% respectively obese, abdominal obesity was 
frequent and 32% of the men had a waist circumference of >102 cm and 42% of the 
women had > 88 cm [64]. Also the prevalence of type 2-diabetes is worryingly high 
(10% in the men and 5% in the women) and high prevalence of the metabolic 
syndrome were found (24% in men and 19% in women), with a three-fold risk of 
having the metabolic syndrome in the lowest compared to  highest physical activity 
group [63, 64]. Because the proportion of older people (>65 years) in the population is 
rising worldwide [65, 66], and this group clearly exhibits several unhealthy risk factors 
[23, 24], it is important to develop and evaluate methods for promoting healthy 
behaviours to both women and men.  
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1.3 PHYSICAL ACTIVITY RECOMMENDATIONS 

In 1995 a public health recommendation on the types and amounts of physical activity 
needed for health promotion and disease prevention was launched by Centers for 
Disease Control and Prevention and the American College of Sports Medicine [67]. 
The recommendation for adults was “Every adult should accumulate 30 minutes or 
more of moderate-intensity physical activity on most, preferably all, days of the week”. 
The recommendation emphasized that physical activity can be accumulated in 
relatively short bouts. This recommendation has recently (2007) been updated for 
healthy adults aged 18 to 65 year [68]: 

To promote and maintain health, all healthy adults need moderate-intensity aerobic 
(endurance) physical activity for a minimum of 30 min on five days each week or 
vigorous-intensity aerobic physical activity for a minimum of 20 min on three days 
each week. Combinations of moderate- and vigorous-intensity activity can be 
performed to meet this recommendation.  
Moderate-intensity aerobic activity (equivalent to a brisk walk and noticeably 
accelerated heart rate) can be accumulated toward the 30-min minimum by 
performing bouts each lasting 10 or more minutes.  
Every adult should perform activities that maintain or increase muscular strength 
and endurance a minimum of two days each week.  
Because of the dose-response relation between physical activity and health, 
persons who wish to further improve their personal fitness, reduce their risk for 
chronic diseases and disabilities or prevent unhealthy weight gain may benefit by 
exceeding the minimum recommended amounts of physical activity. 

The physical activity recommendation for older adults (65+ years) and adults aged 50–
64 with clinically significant chronic conditions (a person receives/should receive 
regular medical care and treatment for it) or functional limitations (impairs the ability to 
engage in physical activity) is similar to the recommendation for healthy adults but has 
several important differences [69]:  

The recommended intensity of aerobic activity takes into account the older adult’s 
aerobic fitness. 
Activities that maintain or increase flexibility are recommended. 
Balance exercises are recommended for older adults at risk of falls.  
Older adults should have an activity plan for achieving recommended physical 
activity that integrates preventive and therapeutic recommendations.  
The promotion of physical activity in older adults should emphasize moderate-
intensity aerobic activity, muscle-strengthening activity, reducing sedentary 
behaviour, and risk management. 

1.4 PHYSICAL ACTIVITY LEVELS IN POPULATION 

There are few reports of trends in total physical activity, but an overall trend of 
declining total physical activity can be seen over the last 50 to 60 years [70, 71]. 
Several studies have found an increase in leisure time physical activity at least in men 
[70-73]. Still, this can not compensate for the decrease in other dimension of physical 
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activity, such as declining work-related activity, declining transportation activity, 
declining activity in the home, and increasing sedentary activity [70-72, 74]. Changes 
in society as industrialization and economic growth have resulting in a shift in the types 
of activities that people perform in their daily routines, with increased television-
watching and computer use and a variety of daily tasks (such as clothes and dish 
washing, transportation to work and elevators) have been automated. This has resulted 
in less energy expenditure compared to performing the same tasks manually. One study 
has found that the magnitude of the energy impact of studied mechanized tasks was 
substantial (111 kcal/d) [75].  

Estimation of physical activity levels in the population varies between studies as 
several different definitions are in use. Several studies with different definitions of 
recommended physical activity level have, found though that nearly one third of the 
population in the United States and Europe reach recommended physical activity level 
based on self-reported data [23, 76, 77]. However, in the study among 15 countries in 
the European Union the lowest prevalence was found for Sweden, were only 23% 
reported sufficient activity levels [77]. A Swedish study found on the other hand higher 
total physical activity level with the same questionnaire than the pan-European study 
[77-79]. 

According to WHO the global estimate for total inactivity is 17% (defined as doing no 
or very little physical activity at work, at home, for transportation or at leisure time), 
with a variation from 10 to 47% between different regions, age and sex categories [23]. 
The global estimate for insufficient activity is 41% (doing some physical activity but 
less than 150 minutes of moderate-intensity or 60 minutes of vigorous-intensity 
physical activity a week accumulated across work, home, transport or leisure time), 
with a variation between 32 and 52%. Across most regions female were slightly more 
inactive than males and older adults more inactive than younger adults [23]. In Europe 
(WHO Region Europe A) inactivity prevalence is approximate 18%, it increases by age 
and varies between 13 and 21% for males and 17 to 28% for females. Insufficient 
activity is approximate 51%, with a variation between 42 and 57% [23]. 

1.4.1 Sedentary behaviour in population 
Little is known about average amount of sedentary behaviour in the population, and the 
current estimate may be an underestimation as it rely mainly on screen time (television 
viewing or computer use) [80]. Sedentary and physical inactivity have been used as if 
they were equivalent and with several different definitions. Consequently, there are 
great variations in reported prevalence in population between studies and even 
contradicting results in classifications of countries [78, 81, 82]. European Union 
citizens report on average just over five hours sitting on a normal day, and in Sweden 
nearly six hours [82]. 

Objectively measured inactivity levels, assessed by accelerometers, indicate that 7.7 
hours per day or 55% of waking hours are spent in very low levels of energy 
expenditure, both in the United States and in Sweden [80, 83]. In the United States it 
was found that the sedentary behaviour increased with age: older adults (>60 years) 
spent nearly 60% (more than 8 hours/day) of their time sedentary [80].    
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1.5 STRATEGIES FOR PROMOTING HEALTH AND PHYSICAL ACTIVITY  

There are several global, regional and national policy documents and strategies 
focusing on promoting health, where physical activity is highlighted as one leading 
health indicator [57, 84-87].    

1.5.1.1 National public health policy 

The national public health objective is to create social conditions to ensure good health, 
on equal terms, for the entire population [88]. The Swedish Parliament adopted in April 
2003 a national health policy stipulating eleven general objectives that cover the most 
important determinants of Swedish public health [89]. This national health policy also 
stresses that improving health of those groups that are most vulnerable to ill-health is 
particularly important. This thesis focuses on two of the general objectives: increased 
physical activity and a more health-promoting health service.  

The rational for the general objective “increased physical activity” is that physical 
activity has grown into a major public health issue at the municipal, regional and 
national levels. The issue has gone from being a matter for the individual to becoming 
an important issue for the society. The aim for society is to provide conditions for the 
entire population to increase their physical activity. This shall be brought about mainly 
by stimulating more physical activity in pre-schools, schools and at workplaces, more 
physical activity in leisure time and greater opportunities among senior citizens, people 
on long-term sick-leave and disabled persons to exercise on their own terms. 

The rational for the general objective “a more health-promoting health service” is that 
health services are of considerable importance to long-term health trends through 
their specific expertise, authority, broad knowledge and ability to come into contact 
with a large part of the population. The aim is that a more health-promoting and 
disease-preventative perspective should permeate all health services and be an 
integrated part of all care and treatment. The health and medical care services already 
have a legal responsibility for the population’s health and for conducting preventive 
measures, but the public health bill points out the current shortcomings in the medical 
care services’ preventive efforts. The potential for being able to intervene at an early 
stage concerning physical activity and other lifestyles is poorly utilized and there is 
too much of a tendency to use pharmaceuticals as a preventive course of action 
instead of proposing non-medicinal measures. It is stated in the bill that primary care 
plays an important role in these health promotion efforts and by cooperating with 
other key actors in health promotion and preventative efforts the work aimed at the 
population can be done.  

1.5.1.2 National initiative to promote physical activity in the population 

A long-term strategy of change with the aim of promoting health and preventing 
disease by increased physical activity started with “Sweden on the move 2001” [90-92]. 
The main emphasis of the message was the importance of daily physical activity, 
including exercise, sport and recreation, to promote good health. The aims and 
objectives were based on the Ottawa charter and the five strategies: strengthen 
community action, develop personal skills, reorient health services, create supportive 
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environments and build healthy public policy, as well as on the National Public Health 
Committee's proposals of aims for physical activity [93, 94]. The strategy of “Sweden 
on the move” was based on four settings; pre-school and school, workplace, health 
care, and leisure time.  

The overall goals in the area of healthcare were to make healthcare professionals more 
aware of the preventive effects of physical activity, to develop guiding principles for 
different patient groups and to support research. Several strategies were used to reach 
these goals; 

A national recommendation for physical activity was developed by 
"Yrkesföreningar för fysisk aktivitet” (YFA, a part of the section for Sports 
Medicine in The Swedish Society of Medicine), i.e.: every individual ought to 
accumulate at least 30 minutes of at least moderate intensity of physical activity, 
preferable every day. Additional health benefits are likely when a greater amount 
of physical activity is performed [95]. 
A evidence based handbook “FYSS (Physical activity in prevention and treatment 
of diseases)” on the effects of physical activity and health and how to prescribe 
physical activity was produced both as a internet source www.fyss.se and as a 
printed book [95].  
A prescription form for physical activity was created looking like the ordinary 
drug prescription form. 
A national study was initiated by the National Institute of Public Health in 
cooperation with The Centre for Public Health Sciences, Linköping, Sweden to 
study the concept of “Physical Activity on Prescription” (Swedish: Fysisk aktivitet 
på Recept, FaR®). It was conducted in co-operation with 13 primary health care 
units in five counties. The objective of this study was to develop and describe the 
working method and structure of Physical Activity on Prescription (PAP) and the 
organised enhancement of physical activity in order to promote health and prevent 
disease [90].  

1.6 METHODS OF PROMOTING PHYSICAL ACTIVITY IN THE HEALTH 
CARE SETTING 

1.6.1 Health care sector and public health 
To increase physical activity in the population, different types of intervention methods 
are required [96]. From a public health point of view, it is important to reach the most 
inactive groups in society and to increase their physical activity, as small changes in 
many have a greater potential to influence public health than large changes in a few 
[97]. 

The health care sector is highlighted as a central setting in the promotion of physical 
activity in the population as well as at an individual level in global, regional and 
national strategies for physical activity, diet and health [57, 84, 86, 87]. A unique 
situation prevails in the health and medical services, namely that they reach practically 
the entire population on the one hand and for the most part each person individually on 
the other hand [98]. Around two thirds of the population will meet a doctor at least 
once during a 12-months period [98, 99], and this provides health care professionals 
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with an excellent opportunity for physical activity promotion. Several agencies 
recommend that physicians and other health professionals should routinely counsel 
patients to adopt and maintain regular physical activity [67, 84, 85, 100, 101].  

Research findings concerning how and to what extent healthcare institutions promote 
physical activity are limited in number. Studies indicate that promotion of physical 
activity in the health care setting is an underused method to promote health in the 
population as well as to prevent and treat diseases in high risk groups. Even though 
general practitioners believe they should give advice or counsel about physical activity, 
they are less likely to do so in practice, and more than half are sceptical about their 
ability to help patients practise regular physical activity [102, 103]. Existing data 
suggest wide variability in the number of patients who receive physical activity 
counselling from physicians. Around half of the GPs in Europe counsel sedentary 
patients [103], and in US 59% of the GPs report that they counsel more than 50% of 
their patients about physical activity, and 18% prescribe physical activity for more than 
50% of their patients [102]. On the other hand direct observation of physician in US 
indicate that only 20% of visits to physician results in counselling about physical 
activity [104]. Twenty eight percent of adults in the US report receiving physician 
advice to increase their level of physical activity, and of this only 40% also reported 
receiving help in making a plan for physical activity or follow-up support [105]. Survey 
of clinical practice in Sweden in year 2005 indicates that healthcare units regard the 
promotion of physical activity as a vital ingredient of their overall responsibility and 
care professionals have great confidence in the benefits of physical activity and 
generally regard its promotion as integral to their duties [106-108]. Although all 
segments of healthcare (primary health care, occupational health care, hospital clinic 
and school health services), were actively involved in promoting physical activity, only 
in the occupational health care the majority had procedures and programs concerning 
how to do it [106-108]. The use of oral recommendation for promoting physical 
activity is common, but written prescriptions or referring patients to other healthcare 
professionals is less frequent and the concrete effort to promote physical activity varies 
greatly among and within various healthcare segments [106-108]. Also data from 
Finland indicates that discussion of physical activity is most common among physician 
in occupational health care [99].  

However, there is still insufficient evidence  to determine that any method of promoting 
physical activity in the health care setting is superior to another [107, 109, 110]. 
Common problems when evaluating the literature is insufficient description of 
intervention methods, to short follow-up periods (less than six months) to evaluate the 
permanence of the intervention, and difficulties assessing physical activity level [107]. 
One method that has attracted attention over recent years, is physical activity prescribed 
by doctors or other health care professionals [30, 110-117]. There is still insufficient 
evidence to determine whether counselling patients in primary care settings to promote 
physical activity leads to a sustained increase in physical activity level, as trials of 
physical activity counselling in primary care patients are of variable quality and shows 
mixed results [30, 110, 118-121]. A contributing reason is the great variation in 
methods used, such as what is included in the intervention, who have conducted it, 
what kind of physical activity that was prescribed, a standard prescription or an 
individualized. Nevertheless written prescription of physical activity has been 
implemented in several countries [117, 122]. It is, therefore, important to conduct more 
randomized controlled trials (RCT) and investigate whether physical activity on 
prescription leads to a more physically active lifestyle and to possible health benefits in 
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clinical settings in order to determine if physical activity on prescription is an effective 
method.  

1.6.2 Theoretical behaviour change models 
Theories and models can help to explain behaviour and why people are not caring for 
themselves and their health or not following public health and medical advices. These 
methods may suggest ways to achieve behaviour change [123]. During the various 
stages of planning, implementing, and evaluating interventions theories can be useful. 
Even though various theoretical models of health behaviour may reflect the same 
general ideas, each theory focus on specific factors considered important. Today, no 
single theory or conceptual framework dominates research or practice in health 
promotion and education. Instead, one can choose from a variety of theories. Many 
studies of different physical activity interventions are based on theoretical behaviour 
change models, usually the social cognitive theory and the transtheoretical model or 
multiple components from different theories [107, 124, 125]. 

1.6.2.1 Social Cognitive Theory   

The Social Cognitive Theory emphasizes the interaction among people, their 
surroundings and their behaviour [123]. The theory stresses the importance of greater 
self-efficacy, i.e. people's beliefs about their capabilities to be for instance physically 
active at different situations, environments, seasons, weather conditions etc. Common 
techniques used are discussions on knowledge of health risks and benefits of physical 
activity, outcome expectations about costs and benefits for changed physical activity, 
goal setting and concrete plans and strategies for realizing them. Self-monitoring of 
physical activity is also an important factor.  

1.6.2.2 The Transtheoretical Model  

The transtheoretical model has been applied to many health behaviours to understand 
the stages through which individuals progress, and the cognitive and behavioural 
processes they use while changing health behaviours [107, 126, 127]. The model 
postulates that individuals engaging in a new behaviour move through five stages of 
change:  

Precontemplation is the stage at which there is no intention to change behaviour in 
the foreseeable future. Many individuals in this stage are unaware or “under-
aware” of their problems.  
Contemplation is the stage in which people are aware that a problem exists and are 
seriously thinking about overcoming it but have not yet made a commitment to 
take action.  
Preparation is a stage that combines intention and behavioural criteria. Individuals 
in this stage are intending to take action in the next month and have unsuccessfully 
taken action in the past year.  
Action is the stage in which individuals modify their behaviour, experiences, or 
environment in order to overcome their problems. Action involves the most overt 
behavioural changes and requires considerable commitment of time and energy.  
Maintenance is the stage in which people work to prevent relapse and consolidate 
the gains attained during action.  
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Movement through these stages could be both linear and cyclical as many individuals 
must make several attempts at behaviour change before their goals are realized [128]. 
Some common components of the transtheoretical model that have been applied to 
physical activity are decisional balance (the pros and cons of change) and self-efficacy 
(confidence in the ability to change across problem situations). There is a ongoing 
debate of the merit of the transtheoretical model [129]. Evidence for the construct 
validity of the method as applied to exercise is mixed,  but two recent reviews suggest 
that the transtheoretical model can be applied to physical activity [107, 127].  

1.6.2.3 5 A's organizational construct  

One method that have been proposed by several agencies as a minimal contact 
interventions that can be provided by a variety of clinical staff in primary care settings 
is the 5 A's organizational construct for clinical counselling [130-132]. The 5 A's are a 
sequential series of steps to use during health care interactions, which facilitate patient-
centred care and patient self-management. The five steps are assess, advice, agree, 
assist, and arrange. They represent an approach that emphasizes collaborative goal 
setting, patient skill building to overcome barriers, self-monitoring, personalized 
feedback, and systematic links to community resources [132]. It is stressed that several 
tasks associated with the scheme can be completed by clinical staff other than the 
physician. For example, nurses, dieticians, or educators can work with patients 
following physician’s advice to develop the more time-consuming barrier-based coping 
strategies and action plans, and to conduct follow-up [131]. According to WHO the key 
to success in using 5 A's is to employ all 5 A's at each visit, use open-ended questions 
to enhance patient-centeredness, to provide proactive care and follow-up, document 
delivery of 5 A's and provide patient copy of action plan [132]. The 5 A's will work if 
implemented consistently, most successful health care teams share the 5 A's workload 
among several team members, and each health care team needs to tailor or customize 
how the 5 A's are implemented - the “who, what, when, and how”.  

1.6.3 Different methods in use 
Different methods are in use for promoting physical activity in the health care setting, 
and no consensus has been reached about best practice. This is probably not possible to 
find, as the health care is organized in diverse ways in different countries and health 
care professionals have partly different roles in different cultures. A common method is 
counselling in primary health care [110, 133]. Two frequent strategies are physical 
activity on prescription and exercise referral schemes, even though they are named in a 
various ways [30, 101, 117, 134]. Physical activity on prescription means counselling 
by health care professionals resulting in a written prescription. It is, however, great 
variations in methods used regarding who counsels, what kind of physical activity that 
is prescribed, if there is any theory base techniques involved etc. Physical activity on 
prescription is in use in for instance New Zeeland, Australia, Sweden and Finland. An 
exercise referral scheme directs someone to a service offering an assessment of need, 
development of a tailored physical activity programme, monitoring of progress and a 
follow-up. It is in use in for instance United Kingdom and Denmark and the most 
common model of exercise referral system involve referral from a primary care 
practitioner to a 10–14 week exercise programme run by local leisure services [134-
136]. However, two newly presented RCT suggest that there are no extra benefits of 
referral to supervised exercise further than the effect of physical activity on prescription 
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[137, 138]. An overview of different methods of promoting physical activity in the 
health care setting is presented in Table 1.2. 

Table 1.2. An overview of different methods* of promoting physical activity in the health care setting 
Method Description 
Advice and Counselling Direct advice from a healthcare professional to a patient, and a dialogue 

between two equivalent partners [107] 

Theory-based Behavioural 
Interventions 

Interventions based on theoretical behaviour change models, two main 
models used: the Social Cognitive Theory and the Transtheoretical Model 
[107] 

Supervised Exercise in 
Group and individualized 
Programs 

Some type of organised and professionally supervised exercise – usually 
on an outpatient basis at a hospital or care facility – and/or 
individualized, professionally supervised home exercise programs [107] 

Exercise/Physical Activity 
on Prescription 

Counselling by health care professionals resulting in a written 
prescription 

Swedish version of 
Physical Activity on 
Prescription (FaR) 

A formal prescription either for supervised group-based exercise or 
lifestyle-based physical activity or recreation outside the health care 
system. A fundamental part is the collaboration between the health care 
system and societal organisations with long experience of working with 
physical activity, exercise and training, such as sports- and leisure 
organisations. After initial prescription from legitimate medical staff, the 
patient is then referred to formal or informal activities [139]. 

Exercise Referral Schemes Referring patient into a recognised system, with appropriately qualified 
staff. Based on partnerships between health and local authorities, 
especially leisure professionals [140]. 

*Within every method, great variation in conducted intervention are described 

1.6.3.1 Sweden 
In the 1980s several cardiovascular prevention programmes started in the primary 
health care in Sweden for example in Sollentuna, Norsjö, Habo and Strömstad [141-
143]. The programmes had a population based strategy with intervention of several risk 
factors including counselling about lifestyles such as physical activity. It was found 
feasible to counsel patients in primary health care and positive effects were found on 
health outcomes [50, 142, 143]. The physical activity intervention in Sollentuna 
included individualized written prescriptions of physical activity and referrals to a local 
public physical activity organisation and was performed by general practitioners, nurses 
and physiotherapist. An increased physical activity level was still significant after 18 
months [144]. Although these positive effects found in Swedish primary health care, 
the method of prescribing physical activity was not disseminated throughout the 
country, only local initiatives were found. In light of the broader knowledge base from 
different countries and the public health recommendation for physical activity from 
1995, a national work started to develop a structure for “Physical Activity on 
Prescription” (PAP, Swedish: Fysisk aktivitet på Recept, FaR®) and implement it in the 
primary health care. The work was based on experiences from national and 
international practice and research [90, 114].  

The PAP method is based on patient-centre counselling and includes an individualized 
written prescription of physical activity and an overall solution with supporting 
environment in the society [90]. It can be issued to both healthy and ill individuals to 
prevent or treat diseases. Physical activity on prescription can be used in combination 
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with or instead of drugs. The prescription should be based on the evidence based 
handbook “FYSS (Physical activity in prevention and treatment of diseases)” that 
describe the effects of physical activity in the prevention and treatment of diseases [55, 
95]. The prescription should be written. Depending on the patients preferences and 
motivational level the prescription could either be to formal supervised group-based 
exercise or to more lifestyle-based physical activity or physical activity outside formal 
programmes. It is important with supporting environment which helps the patient to 
begin with physical activity and to increase adherence to the prescription. A supporting 
environment could be a well defined structure from primary health care organizations 
of activities, special designed activity groups and special trained physical activity 
instructors or motivational support. As with all treatments the PAP should be follow-up 
in order to check if the physical activity is feasible for the patient, leads to desired 
health effects, the dosage need adjustments, to stress the importance of physical activity 
etc. The PAP method in Sweden is based on five corner stones (Figure 1.1) and then 
the exact structure is adapted to local pre-requisites. 

Figure 1.1. An overview of the method of individualized physical activity on prescription 

1.6.4 Adherence to physical activity intervention 
Accurate assessment of adherence is necessary for evaluation of methods to promote 
physical activity, as poor adherence limits the effectiveness of the treatment and, 
thereby, the possibility to improve  patients’ health and quality of life [145]. Adherence 
to prescribed treatments is one of the key aspects of successful methods. Several studies 
have focused on factors related to physical activity adherence, but few intervention 
studies have examined adherence as a primary outcome variable [146].  To our 
knowledge, there are no validated questions to investigate the patient’s own view on 
adherence to physical activity interventions, and no gold standard for assessment of 
adherence [145]. The existing literature mostly focuses on medication adherence [145]. 
There are several concepts used to describe how well a patient follows a prescription or 
lifestyle advice. Adherence implies the patient’s active choice in following medical 
recommendations, in contrast to passive compliance [147]. In Paper II the WHO 
definition of adherence to long-term therapy was used: “the extent to which a person’s 
behaviour – taking medication, following a diet, and/or executing lifestyle changes, 
corresponds with agreed recommendations from a health care provider” [145].  

Written prescription
”FYSS”

Evidence based knowledge
of physical activity & health

Follow-upCollaboration between 
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societal organisations

Patient -centred counselling 
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There are also major gaps between research and practice [107, 148]. Randomized 
controlled trials have shown the efficacy of interventions tested under controlled 
conditions (focus on internal validity), but there is a need for studies that show the 
effectiveness of promoting physical activity in everyday clinical practice (focus on 
external validity) [148, 149]. Poor adherence to treatment, including both medications 
and lifestyle changes, is a worldwide problem. In developed countries, the adherence to 
long-term therapy for chronic illness averages 50%, and so far the literature has mostly 
focused on medication adherence [145]. Despite the increased interest in physical 
activity promotion in primary health care, there is a lack of studies documenting 
patients’ self-reported adherence as a primary outcome. Adherence is often used as a 
dichotomous variable, adherence or non adherence, but appropriate adherence must be 
situational defined and follows a continuum [150]. Assessment of adherence could be 
more accurate, when using two or more methods that compensate for each other if they 
have a relation in their results [150]. When adherences to physical intervention studies 
are measured it could for example be as number of sessions attended divided by 
prescribed sessions or change in fitness level.  

1.6.5 Ethical aspects 
When working with individual’s lifestyle and behaviour, such as physical activity, it is 
important to recognize the autonomy of the individual and use a patient-centred 
approach. Neither should unwillingness to invade the privacy of patients go so far that 
health care professional refrain from recommending physical activity even when they 
know that it will be highly beneficial. The goal should be to focus on the patients in a 
way that gives them the opportunity to actively participate in decisions about the most 
suitable method of treatment. Optimal use of various methods of promoting physical 
activity demands strict attention to their ethical and social aspects [107]. 

1.6.6 Effectiveness vs. efficacy studies 
Several methods used in practice has been started without a thoroughly evaluation and 
in order to use resources most efficiently it is important to know that interventions 
really promote physical activity. On the other hand, there is also a call to translate 
effective interventions into practice. This gap between research and practice is found in 
many areas of health care and public health [151-153]. In order to increase translation 
of research into practice, evidence from RCT are needed in combination with studies 
conducted in the setting where the intervention are going to be used in practice [153]. 
Estabrooks and Gyurcsik suggested in 2003 three research phases for the development 
of health promotion programs [149]:  

Efficacy trials evaluate if a program does more good than harm when delivered 
under optimum conditions. RCT are typically used. Primary goal is to determine if 
the intervention work. Positive or negative effects can be directly attributed to the 
intervention since the strict control and standardization of an efficacy trial. 
However, there is no guarantee that an efficacious intervention will be effective in 
a real world setting.  
Effectiveness trials evaluate if a program does more good than harm when 
delivered under real-world conditions. Primary goal is to determine if the 
intervention works in actual practice. Less stringent control and standardization, 
resulting in only positive effects can be directly attributed to the intervention, and 
if no changes occur it might be caused by improper deliver of the intervention.   
Demonstration studies determine the effect of an efficacious intervention on public 
health when delivered in whole systems. 
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2 AIMS OF THE THESIS 

The general objective of this thesis was to investigate the effectiveness and efficacy of 
individualized physical activity on prescription (PAP) as a method of promoting 
physical activity in health care settings.  

The specific aims were to evaluate: 

the feasibility and effects of PAP on physical activity level in a routine clinical 
setting within primary health care 
self-reported adherence to PAP in patients in primary health care settings 
the effects of PAP on self-reported quality of life in primary health care settings 
the efficacy of PAP to increase physical activity level in insufficiently physically 
active elderly women and men with overweight and abdominal obesity 
the efficacy of PAP to reduce cardio-metabolic risk factors in elderly women and 
men with low physical activity level, overweight and abdominal obesity  
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3 METHODS AND MATERIALS 

3.1 PHYSICAL ACTIVITY ON PRESCRIPTION IN PRIMARY HEALTH 
CARE (PAPER I AND II) 

This study (Study A) was part of a national programme “Sweden on the move – 2001” 
that focuses on people's need for physical activity (PA) in order to promote health and 
well-being [91, 92]. The strategy of “Sweden on the move” was based on settings, one 
of which was the healthcare system. The overall goals in the area of healthcare were to 
make healthcare professionals more aware of the preventive effects of physical activity, 
to develop guiding principles for different patient groups and to support research. A 
national study was, therefore, initiated by the Swedish National Institute of Public 
Health in cooperation with The Centre for Public Health Sciences, Linköping, to 
develop and describe the working method and structure of “Physical Activity on 
Prescription” (PAP) [90]. Thirteen health care units (ten primary care and three 
occupational health care units) geographically spread in Sweden and working under 
different conditions as regards their size, location and population, participated in the 
study during 2001–2003. The health care units were located in five counties. Primary 
care units were responsible for establishing interaction between health and leisure time 
service personnel and for creating a community-based network with other public health 
organisations in the field of physical training. The head of each unit decided which 
professions (physician, physiotherapists, nurses or other health care professionals) that 
were allowed to prescribe PAP. If routine care patients had a diagnosis that could be 
related to insufficient physical activity or a need to be more physically active to prevent 
a future disease, they were considered as candidates for receiving PAP. The 
professionals and the patients agreed on the suitability of physical activity on 
prescription. 

Paper I and II are based on patients receiving PAP willing to take part in the follow-up 
and answered the baseline questionnaire. The patients were included prospectively 
during 12 months in 2001–2002. The whole procedure of recruiting patients and 
collecting data were performed by the ordinary staff in the participating health care 
centres. At the time of receiving PAP all the patients answered a comprehensive 
questionnaire (baseline). Six months later they were asked to answer a shorter follow-
up questionnaire distributed by mail from the primary health care units. No reminder 
was sent. Once a month the health care units sent collected data to The Centre for 
Public Health Sciences in Linköping, where all questionnaires were scanned.  

Paper I include all patients (n=481) from baseline to 6-month follow-up after the 
patients received PAP. Data from 298 patients were available at the 6-month follow-up 
(62%). In Paper II patients (n=240) who reported their adherence to prescribed physical 
activity at the six-month follow-up were included. The recruitment procedures are 
illustrated in Figure 3.1.  
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Prescribed PAP during the study period 1 Oct 2001– 30 Sept 2002 (n= 831) 
Patients from one primary health care units did not 
receive questionnaire due to language problems (n=104) 

Patients who did not volunteer for the follow-up study 
(n=246) 

Patients accepted to take part in the follow-up study and answered baseline questionnaire (n=481) 

Dropout (n=183) 

Patients answered follow-up questionnaire at 6 months (n=298) 

Paper I

   
   Did not answer adherence question (n=58) 

Patients reported adherence in the questionnaire at 6 months (n=240)  Paper II

Figure 3.1. Flowchart of participants in the study of physical activity on prescription (Paper I and II). 

3.1.1 Intervention 
The counselling on physical activity was patient-oriented and based on FYSS [95]. If, 
after a patient-centred motivational counselling, physical activity was found to be 
suitable, individualized written physical activity was prescribed. The prescription-form 
reminded of the ordinary common Swedish drug prescription form, and included 
specified types of physical activities and intensity, frequency, and duration of the 
different activities. It was also possible to fill in time for follow-up visit and who to 
contact for the specified activities. On the back of the prescription a simple PA-diary 
was printed. The prescribed physical activity could be either self-monitored or 
organised by public physical activity organisations. Examples of issued self-monitored 
physical activity are walking, running, gardening, cross-country skiing, dancing and 
strength training. Examples of issued physical activities organised by public physical 
activity organisations are aerobics, strength training and water aerobics. Patient were 
often contacted by a person from the organisation and paid the normal fee to the 
organisation. A supporting environment was organised to help the patients to follow 
the prescribed physical activity, with a well-defined structure from primary health care 
to organisations of physical activity. An overview of the method of PAP is presented in 
Figure 3.2 and more detailed description is presented in Paper I.  
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Figure 3.2. The method of Physical activity on prescription (Paper I and II).  

3.2 INDIVIDUALIZED PHYSICAL ACTIVITY ON PRESCRIPTION TO 
OLDER ADULTS WITH OVERWEIGHT (PAPER III AND IV) 

Participants in Study B (Paper III and IV) were recruited by written invitation from an 
ongoing prospective cohort investigation.  

In 1997 to 1999, every third man and woman (n = 5460; 2681 men, 2779 women) 
living in Stockholm County, Sweden, born between 1937 and 1938, was invited to 
participate in a health screening survey. Of all invited, 4232 individuals agreed to 
participate (2036 men and 2192 women; 78% response rate), representing the general 
population of individuals aged 60 [63].  

In 2005, an invitation and a pre-screening questionnaire were sent to 407 individuals 
who had met the inclusion criteria during the initial health screening in the late 1990s, 
which were: healthy but insufficiently physically active individuals with overweight 
(BMI 25-40 kg/m2) and abdominal obesity (waist circumference 88 cm for women, 

102 cm for men). Exclusion criteria were self-reported current heart disease, 
pharmacological treatment for hypertension or hyperlipedemia, tablet- or insulin-
treated type 2-diabetes, cancer, or other serious chronic diseases.  

Of 246 individuals who agreed to take part in the present study, 116 met the inclusion 
criteria. Fifteen of these were excluded before randomization due to migration, death, 
or serious acute illness. In total, 101 subjects were randomized and included in the 
study between January and June 2006. A flowchart of participants is presented in 
Figure 3.3.  
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Pre-screening 407 (252 W* + 155 M†)   
   No answer 70 (44 W + 26 M) 
   
   Denied 91 (65 W + 26 M) 

Accepted 246 (143 W + 103 M)  
   

   

Did not fulfilled criteria 107 (65 W + 42 M):  
diseases or drug treatment for hypertension, 
too physical active, BMI<25, no central obesity 

Fulfilled inclusion criteria 139 (78 W + 61 M) 
   
   Dropout 7 (7M): migration, event of death  

Screening 132 (78 W + 54 M) 
   
   

Excluded 16 (10 W + 6 M): chronic diseases, drug 
treatment for hypertension or hyperlipedemia 

Fulfilled inclusion criteria 116 (68 W + 48 M) 
   
   

Excluded 13 (8 W + 5 M): Migration, event of 
death

Baseline measurements 103 (W 60 +  M 43) 
   
   Excluded 2 (2 W): Serious acute diseases 

Randomization 101 (W 58 + M 43) 
    

Control group
 54 (W 31 +  M 23)

Intervention group 
47 (W 27 + M 20) 

Dropout 4 (3 W + 1 M) 
Death (1) 

Declined follow-up (3) 

Dropout 6 (2 W + 4 M) 
Angina pectoris (1)  
Stroke and several infections (1) 
Death (1)  
Death in the family (1) 
Declined follow-up (2)   

6-month follow-up 91 (W 53 + M 38) 
Control group

50 (W 28 +  M 22)
Intervention group 
41 (W 25 + M 16)

Figure 3.3. Flowchart of participants in Paper III and IV of physical activity on prescription from pre-
screening to 6-month follow-up. *Women, †Men  

3.2.1 Procedures 
Participants visited an outpatient clinic at the Obesity Unit at Karolinska University 
Hospital Huddinge in the morning, having fasted since 8 pm the night before. Trained 
nurses conducted anthropometric and body composition assessment, measured blood 
pressure and collected venous blood samples. All study subjects completed a survey 
with background characteristics including sex, civil status, working conditions, 
smoking status as well as PA level. Oral and written instructions on how to use the 
pedometer and how to fill in the 7-day diary registration of physical activity level were 
given individually to all participants.  

Randomization was performed at baseline, and calendar days were randomized as 
intervention or control days to prevent discussions between participants in different 
groups. The nurses who scheduled the study visits and those who performed the 
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measurements were blinded to randomization, as were study participants. Nurses and 
participants knew only that the two groups would receive different levels of support for 
increasing their PA. Only the staff members involved in the intervention was aware of 
which group was control and which intervention. 

A medical screening with an exercise test was performed on another day at two 
different clinical physiological centres (the GlobenHeart centre in Stockholm or the 
Department of Clinical Physiology at Karolinska University Hospital Huddinge) to 
exclude unstable coronary heart disease or untreated heart failure that may be a 
contraindication for moderate or vigorous exercise.  

A health care professional trained in motivational counselling for PA met all 
participants individually, and delivered the intervention of physical activity on 
prescription to intervention group or the minimal intervention to the control group (the 
intervention is described in more detail below). 

At the 6-month follow-up all assessments were done in the same way as at baseline. 
Data entering were done in duplicate by two different individuals and the 
questionnaires were scanned at the Centre for Public Health Sciences, Linköping. 

3.2.2 Intervention 
3.2.2.1 Control group  
Due to ethical reasons the control group received minimal intervention with one page 
with written general information about the importance of PA for health. The 
information was downloaded from the Swedish public service information about health 
and healthcare information (www.sjukvardsradgivningen.se). The control group was 
not supported in any other way regarding changes in PA level. All participants were 
given the principle results of the baseline tests within 1-2 months.  

3.2.2.2 Intervention group 
In addition to the minimal intervention given to the control group, the intervention 
group received patient-centred counselling on the importance of PA for health and an 
individualized written prescription of PA. This intervention was based on a systematic 
review of methods of promoting PA in the health care setting [107], and experience 
from an uncontrolled study in clinical practice (Paper I and II) of the Swedish version 
of PAP. The theoretical framework for the intervention was based on social cognitive 
theory, the transtheoretical model, motivational interviewing, and supportive 
environment [107, 127, 154, 155]. 

Each subject in the intervention group was offered total approximately 90 minutes of 
intervention contacts. The study physician (a GP) raised the question of increased PA 
as an essential part good health at baseline examination (3-5 minutes). A health care 
professional trained in motivational counselling for PA, conducted the major part of the 
intervention, approximately 30 minutes of individualized patient-centred counselling 
conducted directly after baseline examination. An overview of the intervention is 
described in Table 3.1.
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Table 3.1. Components of the physical activity on prescription used in the intervention group in Paper III 
and IV. Health care professional and fractions by time point. Different components of the patient-centred 
counselling and the written prescription are presented 
Time point Health care professional

Physician (GP) Health care professional trained in motivational 
counselling for PA 

Baseline Increased awareness of 
physical activity as an essential 
part good health (5 min) 

Approximately 30 min (ranging 20- 40 min) of 
individualized patient centred counselling and written 
prescription of physical activity 

 Group session (60 min)  Within 1 month 
Individualized letter Short telephone follow-up (3-5 min) 

6-month follow-up  Approximately 30 min (ranging 15- 35 min) of 
individualized patient centred counselling and written 
prescription of physical activity 

The counselling was adjusted to each patient’s readiness to change and the Five A's 
construct was also be applied [130]. The counselling included: 

Discussion of the patient’s experiences of physical activity 
Exploring the patient’s “pros and cons” of increased physical activity 
Patient’s self-efficacy in being physically active in different environments, on 
different occasions, and during various times of the year 
Increased knowledge about physical activity and the individual health 
Guide to formulate goals for physical activity 
Plan of action 
Agreement for follow-up 
Encouragement for self-registration of physical activities and daily steps in a diary 

All patients in the intervention group were provided with a pedometer and were 
encouraged to register all PA in a diary for at least three months, but preferably for six 
months. In the pre-printed diary the patients recorded the type of activity, duration, and 
intensity (according to G. Borg’s Ratings of Perceived Exertion scale [the RPE-scale )
[156] of each session, and the number of steps taken each day. At the same occasion as 
the counselling session, written materials were also distributed: a booklet with 
encouragement and ideas for everyday activities, written general information on 
physical activity and health and, if requested, information about where to find suitable 
group activities and more written information about physical activity and health. 

The counselling resulted in a written prescription of physical activity, i.e. an agreement 
for increasing PA written on a prescription form. The PAP included specified types of 
physical activities and intensity, frequency, and duration of the different activities. For 
each individual their present physical activity level, the reason for PAP, eventual 
contraindications, and the patients own goals were also written on the prescription 
form. Information on who to contact if there were problems with the prescribed 
physical activity were also specified.  

A plan for follow-up of the counselling was arranged. An agreement was set upon if 
the participants wanted to be contacted by telephone as a follow-up of the counselling 
within a couple of weeks. All participants were informed of the possibilities of 
discussion of the PAP at a group session and that a renewed counselling and 
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prescription were planned to be conducted at the 6-month follow-up. The patient-
centred counselling session were completed by the subject reading through the 
prescription form and confirming the agreement of the counselling and the written 
prescription.    

Within one month from baseline examination the intervention group was invited to a 
group session (60 minutes). This meeting included a lecture by a physician about 
physical activity and health and time for discussion and questions. The participants 
were encouraged to bring a relative or friend to the group meeting for enhancing the 
social support. A letter with individualized advice by the physician concerning the 
importance of increasing physical activity level for reducing the individual’s risk 
factors (based on baseline tests and individual’s mean number of steps per day) was 
sent out within one to two months.  

The goal was to reach the current recommended health-enhancing PA, but on an 
individual level the prescription was individualized. The main purpose of the 
intervention was to achieve at least 30 minutes daily physical activities such as walking 
or gardening, as well as at least 30 minutes two or three times a week of aerobic and 
strength exercises of moderate intensity (e.g., Nordic walking [pole striding], dancing, 
strength training, cycling, swimming). The participants were encouraged to gradually 
increase their PA to accumulate 30 minutes or more of moderate-intensity PA on most, 
preferably all, days of the week and to include aerobic and strength training, as well as 
exercises for improved flexibility and balance [157]. All participants in the intervention 
group were also encouraged to reduce their time spent in sedentary behaviour, such as 
watching television [69], and to gradually increase their number of steps per day.  

3.3 MEASUREMENTS 

3.3.1 Physical activity level  
Important criteria for selection of assessment methods of physical activity level were 
that they should be feasible to use in clinical practice. Previously used questionnaires 
(described below) in the Swedish population were used to be able to compare the 
physical activity level in the study populations with population levels. In Paper I and II 
we only used questionnaires to assess physical activity level. In Paper III and IV we 
also chose several other complementary methods to assess physical activity level as 
well as sedentary behaviour. As all methods have specific advantages and 
disadvantages [4], we combined the objective pedometer with a diary that added 
information about type of activity, time and intensity and also detected most kind of PA 
in contrast to pedometer that only assess number of steps.  

3.3.1.1 Questionnaires  
In Paper I and II two questions were used to assess the total physical activity level 
during the last year; physical activity in daily life over the last 12 months (ranging from 
none to every day) and exercise over the last 12 months, beyond physical activity in 
daily life (ranging from hardly anything to vigorous activity on regular basis). This set 
of questions has been used before in population surveys in two of the five participating 
counties [158]. An index of total physical activity was created from these questions; 
four activity levels were used, ranging from “hardly any physical activity” to “fulfilling 
public health recommendation of physical activity”. The activity levels corresponded to 
how well the subject fulfils the recommended physical activity level of at least 30 
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minutes of moderate physical activity at least five days a week and/or vigorous physical 
activity three times a week [16, 159]. 

In Paper III and IV a question for total leisure time physical activity was selected that is 
widely used in population surveys in Sweden and has been shown to be valid for 
categorising people into different categories of activity [160]. The question asked about 
leisure time physical activity during the past year and included four categories: (1) 
sedentary leisure-time (<2 h of light PA/week, e.g., walking, cycling); (2) light PA ( 2
h/week generally without sweating, e.g., walking, cycling, gardening); (3) regular 
moderate exercise (1-2 times/week, 30 min each occasion, e.g. jogging, swimming, 
tennis, badminton) and (4) regular exercise ( 3 times/week, 30 min each time, e.g. 
running, swimming, tennis, aerobics, or other strain exercise). Physical activity during 
leisure time was analyzed as change from baseline to follow-up and categorized as 
increase, no change, or decrease. 

To evaluate if the patients adopted or maintained an increased physical activity level, 
the “stages of change” was used in Paper I and II. The instrument has acceptable 
validity and reliability [127, 128, 161]. According to a meta-analysis, stage belonging is 
associated with different levels of physical activity, and the level of physical activity 
increases as individuals moves to a higher stage of change [162]. Stage of change refers 
to a person’s readiness to engage in regular physical activity. To be able to compare 
with population levels, the same question was used that has been used in a Pan-
European survey aimed at identifying the stage that the patient had reached [163]. The 
question consisted of seven equally exclusive options, according to which patients were 
assigned to one of the six stages of change groups as follows: precontemplation (not 
active, no intention to increase PA), contemplation (not active, thinking of increasing 
PA), preparation (not active, decided to increase PA), action (active, but only last 6 
months), maintenance (active, and have been that for more than 6 months), or relapse.  

3.3.1.2 Sedentary behaviour  
In Paper III and IV sedentary behaviour was defined as total sitting time, measured 
with the sitting questions in the short version of the IPAQ last 7-days questionnaire 
[17]. Participants were asked to estimate total time per day spent sitting for a weekday 
and a weekend day (at work, while doing course work, at home, and during leisure 
time). An alternative answer, “I do not know/can not estimate,” was also available. 
Time sitting was analyzed as change from baseline to follow-up. 

3.3.1.3 Diary  
A pre-printed self instructed diary was created. Participants were instructed to record 
for seven consecutive days any PA or exercise and report the type, duration in minutes, 
and intensity as measured by Borg’s RPE-scale. Participants were carefully instructed 
in use of the scale [156]. Number of sessions and durations in minutes of PA at light 
(RPE 10-11), moderate (RPE 12-13), and vigorous or strenuous intensity ( 14) [16] 
were recorded and analyzed as changes from baseline to follow-up.  

At the 6-month follow-up participants were categorized according to the criteria in 
Table 3.2 as either fulfilling or not fulfilling the intervention goals of increased PA (as 
measured by the PA diary). From the PA diary, the participants were also categorized 
as to whether or not they fulfilled the public health recommendation of PA as defined 
by the updated recommendation from 2007 for older adults (Table 3.2) [69]. 
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Table 3.2. Physical activity goals and public health recommendations [69] of physical activity used in 
Paper III and IV. 

Physical activity goals Public health recommendations 

1. Achieving the intervention goal of at least 30 
minutes of PA ( 5 days) daily and exercise of 
moderate intensity (RPE 12) for at least 30 
minutes, two times a week.  

2. An increased mean number of daily step counts 
with 3000 steps. 

3. Combined goal of 1 and 2.  

4. Increased total PA level on moderate or vigorous 
intensity (RPE 12). 

A. Moderate-intensity aerobic PA  30 min on five 
days each week. 

B. Vigorous-intensity aerobic activity  20 min on 
three days each week. 

C. Combination of A and B to meet public health 
recommendation. 

D. Muscle strengthening using the major muscle 
groups  two days each week at moderate to high 
intensity (10-15 repetitions for each exercise).  

3.3.1.4 Pedometer  
The Yamax Digiwalker SW-200 (Yamax Corporation, Tokyo, Japan) pedometer was 
chosen as it has been shown to be the most accurate in brand-to-brand comparisons and 
frequently used in research [164-167]. This pedometer contains a horizontal, spring-
suspended lever arm that deflects with vertical acceleration (the up-and-down motion) 
of the hips during ambulation (e.g. walking). An electrical circuit opens and closes with 
each deflection detected (requires a force  35 g) and an accumulated step count is 
displayed digitally on a feedback screen). Participants were instructed to wear their 
pedometer for seven consecutive days at all times other than sleeping, bathing, or 
swimming, and to read and record number of total steps in the PA diary before they 
took the pedometer off for the night without reading it during the day. Average steps 
per day were calculated for every subject by dividing total recorded steps by the 
number of days for which pedometer information was recorded. If 7 days of data were 
not provided, this construct was still calculated based on fewer days ( 3 days).  

Steps per day were analyzed as changes from baseline to follow-up. Number of 
participants that added at least 3000 steps per day was also analyzed. This increase 
corresponds to approximately 30 minutes of moderate-intensity walking [168].  

Steps were also analyzed with different cut-off levels, and were used to classify PA 
level: less than 5000 steps/day was considered as insufficient active, 5000-7499 
steps/day as low active, 7500-9999 as somewhat active and participants taking 10000 
and more steps/day were classified as active [168]. Changes from baseline to follow-up 
in the categorical variables steps per day were further categorized into three levels: 
increase, no change, and decrease. 

3.3.2 Adherence to prescribed physical activity 
To assess the patients’ self-reported adherence to prescribed physical activity in Paper 
II, the patients were asked if they adhered to PAP, and were thereafter classified in four 
categories, depending on their answers: 

Group A adhered (answered: I stuck to the prescription),  
Group B adhered but altered nothing more than the type of physical activity 
(answered: I stuck to the prescription, but chose another type of physical activity),  
Group C partly adhered (answered: I stuck to the prescription at the beginning but 
not any more),  
Group D did not adhere at all (answered: I did not follow the prescription at all).  
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Using adherence as a dichotomous variable, Groups A and B formed the group that 
adhered and Groups C and D the group that did not adhere. The rational for letting 
group A and B form the adherence group was the importance for participants to 
increases their physical activity level according to the agreed intensity, frequency and 
duration, and not that they stick to the exact same type of physical activity.  

Patients in groups A and B were asked to report the most important reasons for their 
increased physical activity, while patients in groups C and D were asked why they did 
not follow the prescribed physical activity at 6-month follow-up. 

3.3.3 Anthropometrics  
In Paper I and II height and weight were self-reported, collected through the 
questionnaire. 

In Paper III and IV height was measured to the nearest 0.5 cm in an upright position 
without shoes, weight was measured to the nearest 0.1 kg using an electronic scale, and 
BMI calculated. Waist circumference was measured in a standing position midway 
between the lower rib margin and the iliac crest with a tape measure to the nearest 0.5 
cm. With the patient in supine position, neck circumference was measured with a tape 
measure to the nearest 0.1 cm and sagittal abdominal diameter (SAD) was determined 
to the nearest 0.1 cm using a ruler and a water level.  

3.3.4 Body composition  
Body composition in Paper IV was measured by bioelectrical impedance analysis, with 
a Tanita BC-418 eight-contact electrode system (Tanita Corp., Tokyo, Japan). 
Measurements of the impedance across the tissues of the participants is measured by 8 
electrodes that are positioned so that electric current is supplied from the electrodes on 
the tips of the toes of both feet and the fingertips of both hands, and voltage is 
measured on the heel of both feet and the thenar side of both hands. Information was 
entered into the equipment of the participant's age, height, and body type (all study 
subjects were classified as "standard body type” and none as "athletic"), direct 
measurements of weight and impedance are done, and the device calculates body 
composition using an equation based on these values. The prediction equation supplied 
in the software is based on data obtained by Dual Energy X-ray Absorptiometry. The 
device calculates body fat percentage, fat mass, fat free mass in whole body and trunk. 

3.3.5 Cardiovascular risk factors  
In Paper IV blood pressure was measured with the subject in a sitting position after five 
minutes of rest, using a standard auscultatory method with a 12*35 cm2 cuff. Both 
systolic and diastolic blood pressures were calculated as the mean of two 
determinations. 

Blood samples were drawn from an antecubital vein after overnight fasting. The 
samples were analyzed online by accredited methods in the clinical chemistry 
laboratory at the Karolinska University Hospital Huddinge, i.e. glucose (Gluco-quant 
Glucose/HK, Roche), HbA1c (Variant II Turbo Reorder Pack, Bio-Rad), 
apolipoprotein A1 and apolipoprotein B (Roche), and cholesterol, triglycerides and 
HDL-cholesterol (Roche). LDL-cholesterol was estimated using the Friedewalds 
method. LDL/HDL and apoB/apoA1 were calculated. 
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3.3.6 Quality of Life  
To measure Quality of Life two validated questionnaires were used in Paper I, Short 
Form 36 (SF-36) and EuroQol EQ-5D [169-172]. Short Form 36 has been translated 
into Swedish and validated in a representative sample of the population [173]. It 
includes 36 questions and generate a health profile of eight sub-scale scores: physical 
functioning, role limitations due to physical problems, bodily pain , general health, 
vitality, social functioning, role limitations due to emotional problems, and mental 
health [169, 173]. The first four scales can be regarded as measuring primarily physical 
aspects of health and the latter four primarily mental aspects, though the general health 
and vitality measure health in more general terms [174]. The scores on all sub-scales 
are transformed to a scale from 0 (worst score) to 100 (best score). EuroQol’s EQ-5D 
involves two parts. One visual analogue scale (VAS) ranging from 0 (worst possible 
state) to 100 (best possible state) and a health classification of five items (mobility, self-
care, usual activities, pain/discomfort and anxiety/depression), each having three 
alternatives (1= no problem, 2= moderate problems and 3= severe problems). The 
combination of answers forms a index and gives a number between –0.59 and 1.0 [172, 
175]. 

3.4 STATISTICS 

Continuous variables are presented as mean and standard deviation (SD) or median and 
interquartile range (IQR) for non-normal distributed data. Ordinal scaled variables are 
presented using median and range and categorical variables with frequency and the 
relative frequency. In the uncontrolled clinical study analyses for differences between 
groups at baseline were performed using unpaired t-test or Kruskal-Wallis and Mann-
Whitney (post hoc comparisons) for ordinal data and the Chi-square test ( 2) for 
categorical data. Change from baseline to follow-up within treatment groups were 
tested using paired t-test (continuous data), Wilcoxon’s signed-rank test (ordinal data) 
or the Chi-square test or Fischer exact test (categorical data). Changes (6-month values 
– baseline values) were tested between intervention and control treatment using the t-
test for continuous data, the Mann-Whitney for ordinal data and the Chi-square test or 
Fischer’s exact test for categorical data. The level of statistical significance was set at 
p  0.05. All the statistical analyses were performed with Intercooled Stata 9.0 for 
Windows (Stata Corporation).  

For the intention to treat (ITT) analysis in the primary health care clinical study a 
conservative method were used, whereby baseline observations were carried forward 
for missing data on all outcome variables.  

Four participants did not complete the physical activity diary at baseline in the RCT; 
analyses of PA changes regarding diaries and steps reports are based on complete cases 
at baseline and follow-up. Sensitivity analysis was conducted for differences in change 
between intervention group and control group in the main outcomes with using the ITT 
population i.e. all randomized participants, where missing values were imputed using 
the change equal to zero. ITT analyzes were also used for the proportion of participants 
who fulfilled the intervention goals and recommendations of physical activity level. 
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3.5 ETHICAL CONSIDERATIONS 

Patients in Paper I and II gave their informed consent to participate in the study and the 
regional ethical review boards in Stockholm classified the study as a guarantee-of-
quality project, and thereby did not require approval (04-547). Paper III and IV were 
approved by the regional ethical review board in Stockholm (04-520/2), and all 
participants provided written informed consent. 
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4 RESULTS 

4.1 CHARACTERISTICS OF STUDY POPULATION 

4.1.1 Study A (Paper I and II) 
The study population consisted of 481 patients who received PAP. Patient 
characteristics are presented in Table 4.1 and in more detail in Paper I.  

Data from 298 patients were available from the 6-month follow-up (62%) in Paper I. 
There were no significant differences between participants with or without (drop-out 
group) the 6-month follow-up as regards patient characteristics, physical activity level, 
stages of change or quality of life other than that the individuals in the drop-out group 
were somewhat younger (48.7 compared to 51.9 years).  

In Paper II 240 patients were included, i.e. those who reported their adherence to 
prescribed physical activity at the six-month follow-up. No significant differences were 
detected in patient characteristics by group of adherence (A-D) at baseline, but 
differences in physical activity in everyday life and total physical activity were seen 
(presented in Paper II).   

Table 4.1. Patient characteristics and physical activity level in Study A at baseline; total group (n=481), 
follow-up group (patients who remained at the 6-month follow-up, n=298) and those who reported their 
adherence to prescribed physical activity at 6-month (n=240). Variables are presented as proportions 
(percentage) or means with SD and range
Variable Total group  

(n=481) 

%

Follow-up group 
(n=298) 

%

Those who reported 
their adherence

(n=240) 
%

Age (years; mean (SD)[range]) 51 (13) [12–81] 52 (13) [12–80] 51 (13) [12-80] 
Sex (male/female)  25 / 75 23 / 77  25 / 75  
BMI (kg/m2; mean (SD) [range]) 27.5 (5.4) [17.3–49.3] 27.4 (5.3) [17.3–48.9] 27.2 (5.5) [17.3–48.9] 

Fraction with BMI 25 61 60 58 
Fraction with BMI 30 28 26 26 

Total physical activity level*    
 Hardly any physical activity  10 8 8 
 Some physical activity 33 33 32 
 Could be more physically active 47 49 49 
 Approximately 30 minutes of 

physical activity/day 
11 10 10 

Readiness for change to a physical active lifestyle   
 Precontemplation  2 1 2 
 Contemplation  24 21 19 
 Preparation  41 43 45 
 Action  4 5 4 
 Maintenance  13 14 14 
 Relapse  13 12 12 
 Do not know 3  3 3 
*Index calculated from physical activity and exercise. Corresponds to how well the subject fulfils 
recommended physical activity level, i.e. at least 30 minutes of moderate physical activity at least five 
days a week (preferably every day) and/or vigorous physical activity three times a week [16, 159].
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4.1.2 Study B (Paper III and IV) 
The study population consisted of 101 subjects: 47 (20 men and 27 women) in the 
intervention group and 54 (23 men and 31 women) in the control group. Patient 
characteristics and PA levels are presented in Table 4.2. At baseline all participants 
were between 67 and 68 years old and 57% were women. Anthropometrics, body 
composition and cardiometabolic risk factors at baseline were similar in the two groups 
(see Paper III and IV). Subjects were included in the study based on their screening 
results and during the time the baseline investigation were performed, a few subjects 
made small changes in physical activity level, resulting in lower BMI-value or waist 
circumference or higher physical activity level than stipulated by the inclusion criteria. 

Table 4.2. Baseline characteristics and physical activity level (PA) at baseline in Study B (Paper III and 
IV). Variables are presented as percentage (%), mean (SD) or median (IQR)
Variable Intervention 

group (n=47) 
%

Control 
group (n=54) 

%
Sex (male/female)  43/57 43/57 
Weight (kg, mean [SD]) 88.0 (14.2) 88.3 (11.1) 
BMI (kg/m2, mean [SD]) 29.7 (3.4) 30.4  (2.9) 
Waist circumference (cm, mean [SD]) 105.2 (9.2) 106.4 (7.8) 
Physical activity level 
PA on at least moderate intensity (RPE 12), sessions/w  
(median [IQR]) 

2 (1–5) 2 (1–5) 

PA on at least moderate intensity (RPE 12), min/w (median [IQR]) 120 (0–220) 130 (40–215) 
Steps per day (mean [SD]) 5390 (2791) 4980 (2763) 
Sitting time (hours/day) (median [IQR]) 5 (3 – 7) 5 (4 – 7) 
Leisure time PA during last year    
 Sedentary leisure-time  11 13 
 Light activity 59 67 
 Regular moderate exercise 20 16 
 Regular exercise 9 4 

Ten participants (10%) dropped-out from baseline to 6-month follow-up (Figure 3.3). 
Four participants (1 in intervention group and 3 in control group) did not complete the 
PA diary at baseline and 16 (8+8) participants at the 6-month follow-up. However, the 
sensitivity analysis showed similar results for the main outcome (PA session and 
minutes of at least moderate intensity (RPE 12) and steps per day), and therefore 
results are presented for complete cases (38 participants in the intervention group and 
45 in the control group). 

4.2 PHYSICAL ACTIVITY LEVEL  

4.2.1 Total physical activity during the last year (Paper I) 
The intention to treat analysis (Paper I) showed a significant increase, from baseline to 
the 6-month follow-up, in self-reported physical activity level over the last 12-month 
period, both in physical activity in daily life (p<0.001, n=477) and in exercise (p<0.001, 
n=473). The follow-up group increased (p<0.001) both physical activity on daily life 
and exercise (Figure 4.1). Half of the participants were physical active in daily life 
every day and more than one third exercised on moderate intensity at least once per 
week at 6-month follow-up. An increased total physical activity level was reported by 
39% of the patients. The fraction of participants that in average fulfilled the 
recommended 30 min of physical activity per day was doubled.  
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Figure 4.1.  Self-estimated level of physical activity during the last 12 months from baseline ( ) to 6-
month follow-up ( ) in Paper I. 

4.2.2 Total physical activity in leisure-time (Paper III) 
Self-reported PA in leisure-time increased in the intervention group (p<0.001) and in 
the control group (p<0.05), but to a higher degree (p<0.01) in the intervention group 
(Figure 4.2). An increased total physical activity level was reported by 51% of the 
participants in the intervention group and by 27% in the control group. 
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Figure 4.2. Changes in reported physical activity level in leisure time from baseline ( ) to 6-month 
follow-up ( ) in Paper III and IV. 

4.2.3 Readiness for change (Paper I) 
At baseline (Paper I) most patients (n=471) were in the stage of contemplation (24%), 
preparation (41%) and relapse (13%). The intention to treat analysis showed a 
significant decrease in the stages of contemplation, preparation and relapse and an 
increase in the stages of action and maintenance. Figure 4.3 (follow-up group) shows 
changes from baseline to 6 months in readiness for change in physical activity. The 
figure shows a shift in readiness for change from contemplation and preparation to 
action and maintenance, and 42% of the participants increased to a more active stage.   
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Figure 4.3. Physical activity level measured by stages of change at baseline ( ) and 6-month follow-up 
( ) in Paper I (n=275). Within every stage, a significant difference from baseline to follow-up is 
indicated by stars, * p<0.05 and ** p<0.01.  

** **** * ** ** 



32

4.2.4 Recorded physical activity (Paper III) 
Within-group analysis (Paper III) showed a significant increase in registered PA with at 
least moderate intensities (RPE 12) from baseline to 6-month follow-up in the 
intervention group with 3 sessions (IQR 0-5; p=0.0003) or 159 minutes (IQR 0-430; 
p=0.0005) per week. No changes were found in the control group (Figure 4.4).  

Between-group analysis confirmed that number of session per week increased 
significantly more in the intervention group compared to the control group both when 
analyzed as complete cases (p=0.0001) and with a restrictive ITT analysis (p=0.0056). 
Duration in minutes per week increased more in the intervention group compared to the 
control group both when analyzed as complete cases (p=0.0299) and with a restrictive 
ITT analysis (p=0.0283). Data from the activity diaries in the form of number of 
sessions and minutes/day of PA stratified in moderate and vigorous PA are presented in 
Paper III.  
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Figure 4.4. Change in recorded physical activity of at least moderate intensity per week, from baseline 
to 6-month follow-up in intervention group ( ) and control group ( ) in Paper III. Box plots showing 
median values and the 10th, 25th, 75th and 90th percentiles, and outliers. 

4.2.5 Achievements of recommendations (Paper III) 
Between-group analysis (Paper III) showed that a larger proportion of participants in 
the intervention group than in the control group achieved the different PA goals at 6-
month follow-up (Figure 4.5).  
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Figure 4.5. Proportion of participants in intervention ( , n=47) and control ( , n= 54) group achieving 
intervention goals at 6-month follow-up, in an intention to treat analysis. Significant difference between 
groups is indicated by stars, * p<0.05 and *** p<0.001. 
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As illustrated in Figure 4.6 the proportion of individuals fulfilling different 
recommendations in physical activity was larger in the intervention group. Although 
the within-group analysis could not detect any significant increases in proportion of 
participants that fulfilled the different recommendations from baseline to the 6-month 
follow-up, the between-group analysis confirmed that a larger proportion of 
participants in the intervention group than in the control group fulfilled the different 
recommendations at follow-up. The increase in attaining the recommended moderate-
intensity aerobic PA was higher in the intervention group than in the control group 
(21% vs. 10% [p= 0.005]). Although not significantly, a similar pattern was seen in 
fulfilments of the other recommendations: vigorous-intensity aerobic activity (10% vs. 
0, p= 0.22), combination of the two aerobic recommendations (20% vs. 0, p = 0.33), 
and muscle strength training (19% vs. 3%, p= 0.084). At the 6-month follow-up, 
compared to the control group, more than twice (p=0.014) more participants in the 
intervention group formed moderate-intensity aerobic PA for a minimum of 30 minutes 
on 5 days each week, and three times (p=0.044) more performed vigorous-intensity 
aerobic activity for a minimum of 20 minutes on 3 days each week. A combination of 
these two aerobic recommendations tended to be met by 65% (p= 0.078) more 
participants in the intervention group than in the control group at follow-up. 
Recommended strength training tended to be fulfilled by more than twice (p= 0.09) 
more subjects in the intervention group than in the control group.  
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Figure 4.6. Proportion of participants in intervention ( , n=47) and control ( , n= 54) group that meet 
public health recommendation of physical activity level [69], at baseline and at the 6-month follow-up in 
an intention to treat analysis. Significant difference at 6-month follow-up is indicated by stars, * p<0.05. 
The increase in attaining the recommended moderate-intensity aerobic physical activity were higher 
(p<0.01) and recommended muscle strength training tended to be higher (p=0.08) in the intervention 
group compared to the control group.  

4.2.6 Steps per day (Paper III) 
The intervention group (Paper III) increased by 1663 steps/day (30%; p<0.01) 
compared to 871 steps/day (17%; p<0.05) for the control group (Figure 4.7), without 
significant differences between the groups (791 steps [95% CI, 571 to 2154]). With a 
restrictive ITT analysis the difference in increase between the intervention group and 
the control group was 634 steps (95% CI, 483 to 1752).   
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Figure 4.7. Increased number of steps per day from baseline 
to 6-month follow-up in intervention group ( ) and control 
group ( ). Box plots showing median values and the 10th,
25th, 75th and 90th percentiles, and outliers.  

In the intervention group 47% (p<0.01) of the participants increased at least one 
physical activity level as categorized by steps/day, while no significant differences 
were found in the control group or between the groups (Figure 4.8).  
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physical activity levels; insufficient active <5000 steps/day, low activity 5000-7499 steps/day, somewhat 
active 7500-9999 steps/day and active 10000 steps/day.  
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4.2.7 Sedentary behaviour (Paper III) 
Both groups in Paper III reduced sitting time on weekdays by follow-up, the 
intervention group by median 2 hours (n = 24, P = 0.0058) and the control group by 
median 1 hour (n = 31, p<0.001), without significant difference between the groups 
(Figure 4.9).  

Figure 4.9.  Reported sedentary 
behaviour on weekdays from 
baseline ( ) to 6-month follow-up 
( ), in the intervention group 
(n=24) and in control group 
(n=31). Significant difference 
from baseline to follow-up is 
indicated by stars, ** p<0.01 and 
*** p<0.001.  

At baseline 24 participants, and at follow-up 25 participants, answered “I do not 
know/can not estimate” time sitting on a weekday; for weekend days, 28 participants at 
baseline and at follow-up were unable to estimate sitting time. Reported values over 20 
hours per day (5 values) were excluded because the sum of sitting and sleeping would 
be over 24 hours per day.  

4.3 ADHERENCE TO PHYSICAL ACTIVITY ON PRESCRIPTION (PAPER 
II) 

A majority (65%) of the patients receiving PAP in Paper II reported that they adhered 
to the prescription (Figure 4.10); 53% adhered fully (Group A, n=128) and 12% 
adhered but altered nothing more than the type of physical activity (Group B, n=28). 
Partial adherence (Group C, n=46) was reported by the 19% that initially followed the 
prescription but had ceased to do so by the time of follow-up, while the remaining 16% 
reported total non-adherence (Group D, n=38). With a restrictive ITT analysis (all 
missing data in the follow-up questionnaire were assumed to be non-adherent), the 
adherence rate was 52% (156/298) for the entire population.  

Figure 4.10. Adherence to prescribed physical activity on 
prescription (Paper II) after 6-month (n=240): 53% adhered 
fully ( ), 12% adhered but altered type of physical activity 
( ), partial adherence ( ) was reported by 19%, and 16% 
reported total non-adherence ( ). 

A relation between self-reported adherence and a shift between baseline and follow-up 
in readiness for change were found. Adherence group A showed significant shift from 
the stages of preparation and relapse towards action and maintenance (p<0.001). A 
significant difference was found between the adherence groups in the increase in the 
stages of action or maintenance (p<0.05). An increase in either of these stages was 
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reported by 45% in Group A, 35% in Group B, 23% in Group C, and 29% in Group D. 
The result in the adherence groups together (group A and B) were 40% improvement in 
stages of change (47% improved and 7% declined), compared to 6% (26% improved 
and 20% declined) in those that did not adhere at follow-up (group C and D). At 
follow-up 66% in group A and 54% in group B were physical active, i.e. in the stages 
of action or maintenance. Corresponding figures were 34% in group C and 32% in 
group D.   

Nearly 60% in both Group A and Group B experienced increased well-being at six 
months compared to baseline. In those groups that did not adhere to PAP, 44% (Group 
C), and 25% (Group D) experienced an increased well-being. 

Reported reasons for starting to be more physically active (Group A and B) are 
presented in Figure 4.11 and the main reasons for non-adherence (Group C and D) are 
presented in Figure 4.12.  

Figure 4.11. Reported reason for adherence to 
prescribed physical activity (n=156): existing 
decision before coming to the appointment 
which then strengthened the decision to action 
( ), counselling ( ), prescription ( ), 
increased knowledge ( ), and contacted by 
leisure service personnel ( ). Other reasons 
( ) were related to the subject’s health status 
and the reason for the prescription, such as 
getting rid of pain and stiffness, being given 
help with finding suitable strength or mobility 
exercises, or having enough time to start due to 
sick-leave. 

Figure 4.12. Reported reason for non-adherence to prescribed physical activity by those that initially 
followed the prescription but had ceased to do so by the time of follow-up (n=46, ) and those that 
reported total non-adherence (n=38, ). Other reasons mainly consisted of the organised group exercise 
having ended for the term: family or financial reasons, improvement or deterioration in the health 
problem, or tiredness. Some reported that they found other kind of physical activities by themselves, or 
that they were not contacted by the public physical activity organisations. 

4.4 BODY COMPOSITION AND CARDIOMETABOLIC RISK FACTORS 
(PAPER IV)  

4.4.1 Anthropometrics and body composition  
Within-group analysis showed a significant decrease in all anthropometric and body 
composition parameters (except for fat free mass), i.e. weight, BMI, waist 
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circumferences, SAD, neck circumferences, body fat percentage, body fat mass, fat 
percentage and fat mass in trunk in the intervention group. The absolute changes are 
presented in Table 4.3. The relative decrease in the intervention group regarding weight 
and BMI were 2.1% (p=0.006), waist circumferences 2.2% (p=0.0003), SAD 6.3% 
(p<0.0001), neck circumference 3.1% (p<0.0001), body fat percent 3.5% (p=0.0013), 
body fat mass 5.3% (p=0.0001), fat percent in trunk 3.4% (p=0.0126), and fat mass in 
trunk 5% (p=0.0034). Significant deceases in the control group were waist 
circumferences (1.3%, p=0.0013), SAD (3.6% p=0.004), neck circumferences (1.5% 
p=0.014) and body fat mass (1.4% p=0.039). 

Table 4.3. Absolute changes in anthropometrics, body composition and cardiometabolic risk factors 
from baseline to the 6-month follow-up in the intervention and control groups* in Paper IV. 
Variable Intervention group (n=41) Control group (n=50) p-value§

 Mean (SD) 95% CI Mean (SD) 95% CI  
Weight (kg) -1.8 (0.5) -2.8 to -0.8 -0.5 (0.3) -1.1 to 0.1 0.023 
BMI (weight/height2) -0.6 (0.2) -0.9 to -0.3 -0.2 (0.1) -0. 4 to 0.0 0.023 
Waist circumference (cm) -2.3 (0.6) -3.5 to -1.1 -1.4 (0.4) -2.2 to -0.6 0.20 
SAD (cm) -1.5 (0.3) -2.1 to -0.9 -0.9 (0.3) -1.5 to -0.3 0.16 
Neck circumference (cm) -1.2 (0.2) -1.6 to -0.8 -0.6 (0.2) -1.0 to -0.2 0.019 
Body fat (%) -1.2 (0.4) -2.0 to -0.5 -0.5 (0.2) -1.0 to -0.0 0.09 
Fat mass (kg) -1.7 (0.4) -2.5 to -0.9 -0.6 (0.3) -1.2 to -0.1 0.032 
Fat free mass (kg) -0.2 (0.3) -0.8 to 0.4 0.2 (0.2) -0.3 to 0.7 0.29 
Body fat in trunk (%) -1.2 (0.5) -2.1 to -0.3 -0.4 (0.3) -1.1 to 0.2 0.18 
Fat mass in trunk (kg) -0.9 (0.3) -1.4 to -0.3 -0.3 (0.2) -0.7 to 0.1 0.11 
Fat free mass in trunk (kg) -0.1 (0.2) -0.4 to 0.3 0.1 (0.2) -0.2 to 0.4 0.42 
Systolic blood pressure (mmHg) 0.2 (2.2) -4.3 to 4.7 -4.1 (1.7) -7.5 to -0.6 0.12 
Diastolic blood pressure (mmHg) -1.0 (1.3) -3.5 to 1.6 -1.7 (1.3) -4.4 to 0.9 0.68 
Glucose (mmol/l) -0.2 (0.1) -0.3 to -0.1 -0.1 (0.1) -0.2 to -0.0 0.48 
HbA1c (% of totHb) -0.1 (0.1) -0.2 to 0.0 0.2 (0.0) 0.1 to 0.3 0.001 
Cholesterol (mmol/l) -0.3 (0.2) -0.6 to 0.0 0.1 (0.1) -0.1 to 0.1 0.042 
Triglycerides (mmol/l) -0.2 (0.1) -0.3 to -0.0 -0.0 (0.1) -0.1 to 0.1 0.08 
HDL (mmol/l) 0.0 (0-0) -0.1 to 0.1 -0.0 (0.0) -0.1 to 0.1 0.75 
LDL (mmol/l) -0.1 (0.1) -0.2 to 0.1 0.1 (0.1) -0.1 to 0.3 0.13 
LDL/HDL  -0.1 (0.1) -0.2 to 0.1 0.1 (0.1) -0.0 to 0.2 0.07 
ApoA1 (g/l) 0.01 (0.02) -0.04 to 0.05 0.01 (0.02) -0.04 to 0.06 0.89 
ApoB (g/l) -0.11 (0.03) -0.18 to -0.05 -0.07 (0.02) -0.11 to -0.04 0.25 
ApoB/ApoA1 -0.09 (0.03) -0.14 to -0.04 -0.06 (0.02) -0.09 to -0.03 0.31 
*A total of 10 individuals dropped-out. 
§ P values were determined by a two-tailed t-test for the difference between the groups. 

Between-group analysis revealed that weight, BMI, neck circumference and fat mass 
decreased significantly more in the intervention group compared to the control group 
after 6 months, with differences between groups of 1.3 kg body weight (95% CI; 0.2 to 
2.4), 0.4 kg/m2 BMI (95% CI; 0.1 to 0.8), 0.6 cm neck circumference (95% CI; 0.1 to 
1.1) and 1.0 kg fat mass (95% CI; 0.1 to 2.0). There was a consistent trend of a greater 
decrease in the intervention group compared to the control group although the 
differences between the two groups were not statistically significant in all cases (Figure 
4.13). Both groups decreased their waist circumference, SAD and body fat percentage, 
with no significant differences between the groups; 0.9 cm waist circumference (95% 
CI; -0.5 to 2.3), 0.6 cm SAD (95% CI; -0.3 to 1.5), and 0.7% body fat (95% CI; -0.1 to 
1.6).    
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Figure 4.13. Differences within and between groups in Paper IV (intervention group ( ) and control 
group ( ) regarding changes in anthropometrics and body composition from baseline to 6-month follow-
up. Significant differences indicated by stars, * p<0.05, ** p<0.01 and *** p<0.001.
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4.4.2 Cardiovascular risk factors  
Within-group analysis showed significant changes in several cardiovascular risk 
factors. The absolute changes are presented in Table 4.3. The relative decrease was in 
glucose 3.4% (p=0.0092), triglycerides 13.1% (p=0.0113), apoB 10.2% (p=0.0014), 
and the apoB/apoA1 ratio 10.9% (p=0.0012) in the intervention group. The control 
group decreased glucose (2.4%, p=0.0183), apoB (6.8%, p=0.0001), the apoB/apoA1 
ratio (7.8%, p=0.0007) and systolic blood pressure (2.9%, p=0.0217), and increased 
HbA1c (3.6%, p=0.0002).  

Between-group analysis revealed that HbA1c [0.25% of total Hb (95% CI; 0.12 to 
0.37)] and cholesterol [0.3 mmol/l (95% CI; 0.01 to 0.7)] changed significantly in the 
intervention compared to the control group after six months (Figure 4.14). There was a 
trend towards differences in triglycerides (0.15 mmol /l, 95% CI; -0.02 to 0.32) and 
LDL/HDL ratio (0.15, 95% CI; -0.02 to 0.31). 
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Figure 4.14. Differences within and between groups in Paper IV (intervention group ( ) and control 
group ( ) regarding changes in cardiometabolic risk factors from baseline to 6-month follow-up. 
Significant difference indicated by stars, * p<0.05, ** p<0.01 and *** p<0.001.
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4.5 QUALITY OF LIFE (PAPER I) 

There were significant increases, according to the intention to treat analysis, in all 
dimensions of SF-36 six months after PAP (Paper I), except for physical functioning, 
which had a borderline p-value of 0.053. Role-physical, bodily pain, general health, 
vitality, social functioning, role-emotional, mental health as well as the summary 
measures of physical health and mental health improved significantly (p<0.01). A 
significant (p<0.01) improvement were also seen in EuroQol-5D and the visual 
analogue scale measurement of life quality. Changes in well-being and quality of life 
data for the follow-up group are presented in Table 4.4 and Figure 4.15.  

Table 4.4. Well-being and quality of life (n=298) at baseline and after 6 months (Paper I). Data are 
presented as mean values with 95% confidence intervals in brackets 
Variable Baseline values 6-month values Mean changes p-values (n) 
SF-36     
 Physical functioning 75.7 (73.5–78.0) 77.3 (74.9–79.6) 1.6 (0.0–3.1) 0.053 (n=287) 
 Role limitations due to 

physical problems 
54.4 (49.4–59.5) 65.7 (60.8–70.5) 11.2 (6.3–16.2) <0.001 (n=272) 

 Bodily pain 54.8 (51.8–57.8) 60.1 (57.0–63.2) 5.3 (2.9–7.8) <0.001 (n=287) 
 General health 60.6 (58.0–63.2) 63.3 (60.7–65.9) 2.7 (0.9–4.5) <0.01 (n=280) 
 Vitality 47.8 (45.1–50.5) 55.4 (52.7–58.1) 7.6 (5.2–9.9) <0.001 (n=282) 
 Social functioning 76.5 (73.7–79.3) 82.7 (80.1–85.3) 6.2 (3.4–9.1) <0.001 (n=288) 
 Role limitations due to 

emotional problems 
69.3 (64.7–74.0) 80.4 (76.6–84.3) 11.1 (6.6–15.6) <0.001 (n=269) 

 Mental health 71.4 (69.2–73.6) 75.2 (73.1–77.3) 3.8 (1.8–5.8) <0.001 (n=282) 
 Physical Component Summary 42.7 (41.4–44.0) 44.2 (42.9–45.5) 1.5 (0.5–2.4) <0.01 (n=257) 
 Mental Component Summary 44.8 (43.3–46.3) 48.3 (47.1–49.5) 3.5 (2.2–4.9) <0.001 (n=257) 
EuroQol     
 EQ-5D 0.70 (0.68–0.73) 0.74 (0.71–0.77) 0.04 (0.01–0.06) <0.01 (n=271) 
 VAS 61.4 (59.2–63.7) 67.3 (65.2–69.5) 5.9 (4.0–7.8) <0.001 (n=255) 
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Figure 4.15. Quality of life measured by SF-36 from baseline ( ) to 6-month follow-up ( )  (n=298) 
(Paper I). The eight sub-scale scores of SF-36 are: physical functioning (PF), role limitations due to 
physical problems (RP), bodily pain (BP), general health (GH), vitality (VT), social functioning (SF), 
role limitations due to emotional problems (RE), and mental health (MH). Significant increase in 
respective sub-scale is indicated by stars, ** p<0.01 and *** p<0.001. 
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5 DISCUSSION 

This thesis investigated the effectiveness of individualized physical activity on 
prescription (PAP) making use of two studies with different designs and conducted 
within two different clinical settings. The study populations included patients in 
primary health care centres and insufficient physically active individuals with 
overweight and abdominal obesity recruited from a population based ongoing 
prospective cohort study.  

5.1 MAIN FINDINGS 

The main findings from this thesis were that individualized prescriptions of physical 
activity increases physical activity levels for at least six months, and positively 
influences cardiovascular risk factors.  

Physical activity on prescription is an appropriate method and effective as conventional 
treatment in ordinary primary health care settings to promote a more physically active 
lifestyle. Self-reported physical activity level, stages of change and quality of life 
increased significantly (Paper I). Adherence to physical activity on prescription was 
65% and as good as adherence to other treatments of chronic diseases (Paper II).  

In elderly individuals with overweight and low physical activity level physical activity 
on prescription is an efficacious method to increase physical activity level as 
significantly higher improvements were seen in the intervention group (two to three 
times higher) than in the control group regardless of assessment method (Paper III). 
Individualized physical activity on prescription also improves body composition and 
cardio-metabolic risk factors in older insufficient physically active overweight 
individuals (Paper IV). 

5.2 EFFECTIVENESS OF INDIVIDUALIZED PHYSICAL ACTIVITY ON 
PRESCRIPTION 

Individualized physical activity on prescription is effective in primary health care 
setting to promote physical activity and have good efficacy compared to a control 
group. This was evident as both studies showed that physical activity on prescription 
increases physical activity level for at least six months.  

5.2.1 Physical activity level of study populations compared to general 
population levels 

Both study populations reported at baseline lower, or for some measurements similar, 
physical activity level than the general population. Six months after study subjects 
received physical activity on prescription, the activity levels had increased above the 
levels seen in the general population. This effect is even further reinforced by the fact 
that this was true regardless of way of assessing physical activity level, as illustrated 
below.  
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5.2.1.1 Total physical activity level 

Even though different questions were used for measuring total physical activity level, 
both studies showed the same pattern with a shift from low physical activity per week 
towards more regular exercise six months after receiving the prescription. The fact that 
the intervention group increased the self-reported total physical activity to higher 
degree than the control group in Study B strengthens the results from Study A. 
Compared to population surveys with identical question in two of the five counties 
where Study A was launched, the patients total physical activity level changed from the 
same level towards and beyond that of the general population [158]. Results from 
Study B on self-reported total physical activity during leisure time can be compared to 
results from a Swedish population survey (with the same question and investigation 
year) [176], as well as to the cohort population in late 1990s [63]. Table 5.1 is included 
to illustrate that study subjects in the intervention group was less active than population 
levels (both in late 1990s and in 2006) at baseline, but the control group was 
comparable to population levels. At follow-up the intervention group had increased far 
beyond both the control group and average population level in 2006 (regular exercise 
1 times/week 56% vs. 29% and 3 times/week 23% vs. 11%).  

Table 5.1.  Self-reported total physical activity during leisure time in a Swedish population survey 2006, 
the whole cohort population in late 1990-ies and the study population (Paper III) in 2006 at baseline and 
6-month follow-up. Data is presented as proportion (%) classified in the different physical activity 
categories  

Study population 
Baseline-values   

Study population  
6-month follow-up 

Swedish 
population 65-

70 years old 
2006* 

60-year 
cohort in 

late 1990s†

Leisure time
physical
activity during 
last year 

n=531 n=3864 

Intervention 
group
(n=47)

Control 
group 

 (n=54)

Intervention 
group  
(n=39) 

Control 
group  
(n=49)

Sedentary 
leisure-time 12 11 13 11 3 6 

Light activity 58 57 67 59 41 55 
Regular 
moderate 
exercise 

18 23 16 20 33 31 

Regular 
exercise 11 8 4 9 23 8 

* The population values for the fraction of 65 to 70 years old in the national Swedish population survey 
in year 2006 (personal communication Cecilia Wadman, Swedish National Institute of Public Health, 
July 7, 2008). † Data modified from reference [63].  

5.2.1.2 Readiness for change 

Physical activity on prescription had a positive effect as participants moved through the 
behavioural stages from contemplation or preparation to adopting and maintaining of a 
more physically active lifestyle. At baseline in Study A (Paper I) most study subjects 
(64%) or two to three times more than comparable population levels (35% Swedish 
population and 21% the population in European Union) were in the stages of 
contemplation or preparation [163]. Compared to Swedish population the patients had, 
at 6-months follow-up, increased their stages of action and maintenance above the 
population value (50% vs. 39%) [163]. This indicate that health care professionals were 
successful in identifying suitable patients, as those patients’ receiving physical activity 
on prescription were thinking of or prepared to change behaviour to a more physical 
activity lifestyle. Further, that physical activity on prescription had a potential to 
increase the physical activity level to a great extent from less to more than the general 
population level.  



  43 

5.2.1.3 Steps per day 

Approximately 5000 steps per day were recorded at baseline in Study B, this is similar 
to the mean steps per day for overweight people over 60 years found in earlier studies 
[167, 177]. The increased number of steps found in the intervention group at six months 
follow-up, is about the same as in normal weight older people [167]. This indicates that 
our study population was representative of other overweight people around the world 
regarding steps per day. If physical activity on prescription could promote walking in 
older overweight people to the same amount as normal weight people walk, this might 
lead to a reduction in weight.  

That physical activity on prescription increases physical activity levels from less than to 
above the levels seen in an average population in both Study A and B, supports the 
method’s ability to promote physical activity level in clinical practice.  

5.2.2 Self-reported adherence  
The difficulties of assessing physical activity level [2] in clinical practice illustrate a 
need for simple methods to evaluate treatment and preventive efforts. The results in 
Paper II suggest that self-reported adherence could be a suitable way to assess the 
effectiveness of lifestyle counselling such as physical activity on prescription in a 
routine primary health care setting. Our results indicates that adherence to physical 
activity on prescription is 65%, and as good as adherence to pharmacological and other 
treatments of chronic diseases as reported by WHO [145]. Self-reported adherence can 
be a suitable measure for follow-up at return visits or during telephone calls, and could 
be used to complement short questions concerning physical activity level, as patients 
may have changed their activity pattern despite maintaining the same physical activity 
frequency. This is significant, as even a small increase in physical activity is important 
both on an individual level and for public health [97]. 

5.2.3 Sedentary behaviour  
Reported total time sitting was higher in Study B at baseline (Paper III) compared to 
Swedish population at the age of 55-74 years (5 vs. 4 hours) [79]. Both groups in Study 
B decreased their sitting time significantly at the 6-month follow-up. However, the 
median value of the intervention group (3 hours) was less than that at population level, 
and the control group’s sitting time was similar to population level (4 hours). That the 
study subjects sat more than the general Swedish population at baseline and less six 
months after physical activity on prescription, demonstrates the possibility to influence 
peoples sitting habits.  

5.2.4 Physical activity on prescription versus control group 
Physical activity is a complex behaviour, but in Study B the intervention group clearly 
increased physical activity levels more compared to the control group (receiving a 
minimal intervention) by several means, including recorded physical activity levels of 
at least moderate intensity, increases of 3000 steps per day, and self-reported physical 
activity in leisure time.  

In addition, more participants in the intervention group attained the different physical 
activity goals and recommended physical activity levels at the 6-month follow-up. In 
the intervention group we noted three additional sessions or 159 minutes more of at 
least moderately intense activities (including 2 sessions, 128 min of vigorous or 
strenuous intensity) and 30% more steps per day than baseline. In the control group 
there were no changes in recorded physical activity, but 17% more steps per day. 
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Furthermore, there were agreements between different measurements of physical 
activity, as at least half of the intervention group increased their total physical activity 
level according to various assessment methods.  

If interventions such as the present method for prescribing physical activity could result 
in 50% of subjects increasing their physical activity level, 22 percentage units more 
achieving recommended physical activity level, and lead to overweight older 
individuals reaching the same daily step count as normal weight individuals, this may 
have important public health implications. 

5.2.5 Effects of physical activity on prescription on health outcomes 
Despite implementation of written prescription of physical activity in several countries 
to increase physical activity level [117], only a few studies have evaluated the effects of 
physical activity on prescription on health outcomes, in particular compared to a 
control group [30]. Paper I showed that prescription of physical activity improved both 
physical and mental health significantly, in spite of the known difficulties for the 
possibility of one single intervention to influence all the dimensions in health related 
quality of life.  

Individualized physical activity on prescription also improves body composition and 
cardio-metabolic risk factors in sedentary older overweight individuals, as shown in 
Paper IV. All measures of central obesity (waist circumference, SAD, fat mass and fat 
percentage in trunk) decreased significantly in the group receiving physical activity on 
prescription. In addition, the reduction in body weight of almost two kg seems to be 
explained by a decrease in total fat mass (trunk fat decreased by 1 kg). This might have 
a significant health impact, since central obesity is associated with insulin resistance, 
type 2-diabetes, dyslipidemia, hypertension and cardiovascular diseases [37, 38, 40, 
41]. The present intervention might positively influence the metabolic problems 
associated with central obesity. The effect of physical activity on prescription on 
cardio-metabolic risk factors is probably stronger if concurrent to weight loss [178]. 
Also other favourable changes in anthropometrics, body composition, glucose, HbA1c, 
blood lipids and apolipoproteins were seen in the intervention group. However, in the 
control group some positive changes were also noted. Bodyweight, neck circumference, 
fat mass, cholesterol and HbA1c decreased significantly more in the intervention group. 
There was a consistent trend of a greater decrease in anthropometrics and body 
composition in the intervention group compared to the control group, although the 
differences between the two groups were not statistically significant in all respects. 

The fact that we have demonstrated positive effects from physical activity on 
prescription on health outcome emphasizes the usefulness of the method in clinical 
practise. Physical activity on prescription has great potential to become an important 
method for promoting physical activity and self-reported health, as well as reducing 
overweight, abdominal obesity, and associated cardio-metabolic risk factors.  
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5.3 EFFECTS OF THE INDIVIDUALIZED PHYSICAL ACTIVITY ON 
PRESCRIPTION OF THE CURRENT STUDIES IN COMPARISON WITH 
OTHER STUDIES 

Comparisons with other studies are difficult, mainly due to the variations in methods 
used to promote physical activity, lack of intervention description, short follow-up time 
(<6 months), or no measurement of physical activity level [107, 117, 179]. 

5.3.1 Proportion increasing physical activity level 
A systematic review of different physical activity on prescription interventions 
conducted in general practice concluded that despite differences in interventions, 
physical activity on prescription has a moderate positive effect on physical activity 
level compared to controls in approximate 10% more of the patients [117]. The 
Swedish version of physical activity on prescription seems to be more effective, as we 
noted an increase from baseline to the 6-month follow-up in 30 to 50% of the patients. 
The difference varied depending on assessment method. In Study A, total physical 
activity increased in 39% of the patients and 30% more were in the stages of action and 
maintenance. In the intervention group in Study B total physical activity increased in 
51% of the participants, 53% increased recorded physical activity on at least moderate 
intensity, and 47% increased at least one physical activity category based on steps/day. 
The absolute differences in proportion between intervention with physical activity on 
prescription and control group (minimal intervention) were for total physical activity 
24%, increased recorded physical activity on at least moderate intensity 36%, and 
increased at least one physical activity category based on steps/day 8%.  

5.3.2 Study A (Paper I and II) 
The effectiveness of physical activity on prescription as a method of promoting 
physical activity level in routine primary health care patients (Study A) has recently 
been confirmed in a large clinical study in routine primary health care patients (n=6300, 
during the year 2004-05) from one of the counties where Study A was launched [180]. 
Although different questions were used in the two studies, the proportion that increased 
physical activity level was rather similar (40% in our study compared to 50% in the 
other). The large number of patients in the newly conducted study made it possible to 
do sub-group analyses, and Leijon and co-workers (in press) found that the patient’s 
activity level at baseline, the type of physical activity as well as the reason for the 
prescription were associated with increased physical activity. However, the patient’s 
age or the profession of the prescriber was not associated with differences in 
effectiveness [180]. Preliminary results from the same study demonstrated similar 
adherence rate as in our study after 3 and 12 month (personal communication ME 
Leijon July 10, 2007).  

As adherence is assessed with various methods and seldom reported, it is difficult to 
compare the results from our study with other studies. For exercise referral schemes the 
adherence is often very low, often 80% drop out before programme ends [181].  

Results from Study A are in accordance with randomised controlled trials in routine 
primary health care which have found increased physical activity [30, 113, 116], 
movement in stages of change [182] and changes in general health, role limitations due 
to physical problems, vitality and bodily pain scores of SF-36 [30]. On the other hand, 
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our results disagree with some studies showing no positive effect of physical activity on 
prescription on the level of physical activity [118, 119]. 

5.3.3 Study B (Paper III and IV)  
5.3.3.1 Physical activity level 
Studies that describe partly similar interventions as in Study B have also shown an 
increased physical activity level, but not to the same extent as in the present study. Two 
previous randomised controlled studies have used comparable prescription of physical 
activity and included subjects over the age of 65 years [30, 183], one study included 
patients up to 65 years (mean 47 years) [116], and one men up to 60 years (mean 46 
years) [50, 144]. For participants over the age of 65 years the studies showed a 
difference between intervention and control group on at least moderate intensity of 33 
minutes in the study from New Zealand, where 10% more in the intervention group 
tended to undertake 2.5 hours/week compared to the control group (12 month follow-
up), and in an US based study the intervention group increased with two sessions more 
in all forms of physical activity (approximate half on moderate intensity) and on 
average they performed three session or 106 minutes per week on at least moderate 
intensity at 12 month follow-up [30, 183, 184]. A similar intervention in Finland 
included patients up to 65 years (mean 47 years) and showed that the intervention 
increased 0.9 session per week more on at least moderate intensity than the control 
group (6 months follow-up) [116]. In a Swedish study in primary health care, men 30 to 
60 years old (mean 46 years) increased their physical activity on at least moderate 
intensity 1.5 sessions more per week than controls (6 months follow-up) and there was 
still an increased activity levels after 18 months [50, 144]. Another study from 
Australia with counselling, individualized advice about physical activity and a 
pamphlet with a plan for physical activity resulted in an increase with two sessions of 
vigorous activity (6 months follow-up), which were more than the control group that 
also showed increased activity [185]. In summary, these studies in elderly showed a 
difference of  30 minutes or 1-2 sessions more per week on at least moderate intensity 
for intervention versus control, although results were based on questionnaires only [30, 
183]. We believe that several complementary methods of assessment are needed to 
detect a real improvement in physical activity level, as well as to capture the complete 
behaviour of physical activity. 

As earlier studies and systematic reviews have shown that theory-based behavioural 
intervention may increase physical activity levels more than usual care, the intervention 
in this study was based on several theoretical frameworks [107, 127, 154, 155]. The 
Activity Counseling Trial (ACT) in USA compared two levels of counselling with 
usual care (advice from physician). At the 6-month follow-up physical activity level 
increased in all groups with no significant differences compared to the group receiving 
usual care [113]. Although advice regarding physical activity is generally 
recommended [100], this is seldom implemented in clinical practice [103, 107, 186]. 
The contradictory results between the ACT study and the present study (Study B) could 
be explained by the fact that our controls received less intervention than the ACT 
control group. Further the physical activity on prescription intervention is somewhere 
between the intervention in the control group and the intermediate counselling 
intervention in the ACT. The usual care group in the ACT received a rather extensive 
intervention, and it seems that more extensive behavioural interventions further boost 
physical activity, though with a declining marginal effect [107]. Most theory-based 
behavioural interventions are more extensive than the present study, and therefore not 
comparable. Our theory-based behavioural intervention seems to be a feasible and 
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effective method for promoting physical activity in clinical practice, as participants in 
the intervention group positively changed their physical activity level and mode.  

Changes in steps per day have not been reported earlier in a randomised controlled 
study with physical activity on prescription. However, a recently conducted systematic 
review of interventions using pedometer to increase physical activity showed a higher 
increase in absolute number of steps, but the participants in the present Study B 
increased their number of steps by the same percentage as reported in the review [187]. 
Although the increase in the intervention group was double that in the control group, 
the difference was not statistically significant. This may be explained in part by the 
great variation in range of changes, as well as the small study population. However, an 
increase of 3000 steps per day was significantly more common in the intervention 
group, indicating that the present intervention was effective [168, 177]. 

5.3.3.2 Sedentary behaviour  
No studies with similar interventions have measured changes in sedentary habits, but 
one high intensity theory-based 6-month randomised controlled study found significant 
reductions in sitting time of almost one hour in both groups [188]. At baseline the 
intervention group was less active than the population level, and the control group was 
similar to the population level [58]. At follow-up the intervention group had increased 
far beyond both the control group and average population values.  

Total time sitting was higher in Study B at baseline compared to Swedish population 
age 55-74 years (5 vs. 4 hours) [79], although both the intervention and control groups 
had decreased sitting time at the 6-month follow-up, the median value of the 
intervention group (3 hours) was less than population and the control group similar to 
population (4  hours). Though no significant difference could be detected between the 
groups, probably due to low power, this result is promising. If minimal intervention can 
reduce total sitting time, this can have great impact on public health, as this effort 
hardly take any extra time to conduct in routine care and therefore can be offered to a 
great number of patients and might be cost-effective. If many people reduce sedentary 
behaviour a bit, this influence public health more than great reduction in few [97]. If 
physical activity on prescription reduces total sitting time more than minimal 
intervention, this intervention could be offered to patients at higher risk.  

As these two ways of evaluating changes in sedentary behaviour are in accordance, it 
seems that physical activity on prescription could be a feasible intervention to reduce 
sedentary behaviour. However, also the minimal intervention may have some effect. 
Caution must be taken, though, as this is, to our knowledge, one of the first studies to 
evaluate effects on sedentary behaviour of interventions in a health care setting. More 
randomised controlled studies that combine several assessment methods of sedentary 
behaviour are needed, as epidemiology studies shows that sedentary behaviours, 
independent of exercise, are associated with significantly elevated risk of obesity and 
type 2-diabetes [54]. 

5.3.3.3 Health outcome 
To our knowledge, only two previous randomised controlled studies with a comparable 
intervention have evaluated health outcome. One did not show any significant 
differences in health outcomes between intervention and control groups [30, 189]. The 
other demonstrated that even small increase in physical activity level induced 
significantly changes in middle-aged men regarding BMI, waist circumference and 
blood pressure compared to control group, six months after intervention [50]. Another 
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randomised controlled study with a more intensive intervention that resulted in 
approximately the same increase in physical activity of moderate intensity as in our 
study, found no differences at the three months follow-up. At 12 months follow-up the 
absolute change in body composition in intervention group where less than in Study B, 
but the difference between groups was similar [51]. The fact that some significant 
changes occurred in the control group in our randomised controlled study were 
probably due to the minimal intervention this group received. Somewhat surprisingly, 
the systolic blood pressure decreased in the control group without any change in the 
intervention group, but no significant difference between groups was detected. Another 
study insufficiently active elderly patients found similar results [189].  

5.4 LIMITATIONS 

General limitations for clinical studies regarding physical activity are the 
methodological problem of adequate measurement of physical activity, as all methods 
have specific advantages and disadvantages [4]. Even the assessment of physical 
activity may influence the respondent’s behaviour [3], and thus be minimal intervention 
that could mask the difference between the treatment groups [116, 187]. The sole fact 
that people are invited to participate may influence them to comply with the supposed 
wishes of the researchers because of the special attention received or regression to the 
mean might also be important [190]. The voluntary participations in studies is a ethical 
requirement, but this is not a major problem in this kind of studies, as physical activity 
on prescription as all other lifestyle changes rely on the motivation of individuals in 
both studies as well as in clinical practice. Another problem that most trials have in 
common is the selection of participants to studies, as the use of inclusion and exclusion 
criteria strengthen the internal validity at the same time it can limit the external validity. 
Naturally intervention with behavioural changes can not be blinded to the participants. 
Randomization could also be problematic in studies with patient focussed approach, 
such as the present physical activity on prescription studies. Since a physical active 
lifestyle has to be carried out for length of life, the 6-month follow-up time in Study A 
and B is limited. Even though six-month follow-up could be considerate an adequate 
time in many studies, it is hard to conclude that participants have changed their lifestyle 
in the long run.  

Other limitations should also be taken into consideration in Study A. Firstly, the lack of 
control group weakens conclusion about causality of physical activity on prescription 
and changes in the different outcome. Not all patients that were in need of increased 
physical activity or might be appropriate for physical activity on prescription were 
recruited. This was partly because the study was conducted in the early implementation 
phase of physical activity on prescription in Sweden, and not all professionals were 
familiar with the method, which was still under development. It is not possible to 
determine a number of possible candidates to receive physical activity on prescription 
in this study, as the study design reflect a clinical setting where the health care 
professional and the patient together agree upon treatment with physical activity on 
prescription or not. This problem is common in primary health care studies [181]. It can 
also be argued that there might have been a selection bias with more motivated patients, 
as the patients were not randomised to treatment or not. However, the method of 
physical activity on prescription might have its best potential for people in the stages of 
contemplation or preparation for increased physical activity, or those who have 
relapsed in an earlier attempt. People in the stage of pre-contemplation are not ready for 
change yet and should, therefore, not be forced to receive physical activity on 



  49 

prescription. Other methods for promoting physical activity might then be better. The 
assessment method for physical activity was only based on questionnaire. However this 
was the only realistic method due to minimize burden of work for the participating 
healthcare units as well as for the patients. The dropout rate was 38% from baseline to 
the 6-month follow-up. Contributing reason for this dropout might be the lack of 
reminders at follow-up and that participating health care units handled the procedure a 
bit different. However, this strengthens the external validity as this is the case in real 
life. No differences in physical activity level or other baseline characteristics were 
found between those who finished the study and those who dropped out. To 
compensate for the drop-outs, we also used a conservative method of intention-to-treat 
analyses that showed that the significant increases nonetheless existed. The high 
proportion of women (75%) in this study is similar to other studies and reflect the 
situation that more women than men visit primary health care units [30, 116]. 

The main limitation of the present randomised controlled study is the small study 
population in combination with the fact that the control group also received an 
intervention, although minimal. This might have resulted in a lack of power to detect 
differences between the intervention and the control group. Because it is not ethical to 
withhold evidence-based knowledge about the importance of physical activity on health 
[16, 27], a “true control group” was impossible. The generalization of the results from 
the randomised controlled study can be questioned as it only included 67- to 68-year-
old individuals. However, both women and men were included and the participants 
were recruited from a population-based sample. Other experiences from assessing 
physical activity in the randomised controlled study that might be a limitation is the 
altered approach that seems to occur in classification of activities from baseline to 
follow-up, as several participants, especially in the intervention group, spontaneously 
reported that they classified less activities to be a physical activity and consequently 
registered less low intensity activities at follow-up. They tended to change focus in the 
diary from all possible every day activities towards more intense physical activities or 
exercise. Objective measurements with pedometer has the advantage of being simple 
and inexpensive, but assesses only number of steps and consequently miss to detect 
several important types of physical activities that were prescribed in Study B, such as 
bicycling, training of strength and swimming. Nor do pedometers detect changes in 
intensity from baseline to follow-up that might be one of the most important increases 
in physical activity level from an intervention such as physical activity on prescription, 
i.e. the participants were encouraged to increase the intensity of walking to at least 
moderate intensity walk or Nordic walking. Although the used pedometer (Yamax 
Digiwalker SW-200) was chosen as it has been shown to be the most accurate in brand-
to-brand comparisons and is frequently used in research [164-167], it has been shown 
to have less accuracy at speeds less than 4 km/h and both pedometer accuracy and 
walking speed  decreases with age, weight, BMI, waist circumference and pedometer 
tilt [13-15]. A problem that seldom is discussed or described in the literature is what the 
lowest reasonable step value for one day is. As one subject in the present study were 
bed-bound due to an operation during several days of his 7-day registration, we were 
able to get a value of the lowest reasonable step count in the population with 
overweight and central obese older women and men. He registered approximately 250 
steps during these days, when he only left bed for using the toilet. We analyzed if there 
was any differences in results if we excluded those few values below this point, but no 
differences were found. A problem with assessing sedentary behaviour with the IPAQ 
sitting item was found, it seems to be difficult for individuals to estimate average time 
sitting. One fourth answered “I do not know/can not estimate” and equal amount did 
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not answer this particular question at all. This problem was not evident for any other 
questions.   

5.5 STRENGTHS 

The strength of this thesis is the combined approach of evaluating physical activity on 
prescription in “real-life” and at controlled conditions, i.e. with clinical studies in 
routine primary health care and a randomised controlled study. We worked the other 
way round than usual, we started to find a feasible method for use in clinical practice 
and then we conducted a randomised controlled study to evaluate the efficacy of the 
method. Because both studies included participants during several months, a whole 
year respectively from winter to summer, we avoided the problem of seasonal 
differences of physical activities. Both studies were representative concerning self-
reported physical activity level as study populations reported lower or the same 
physical activity levels at baseline as population levels.     

The strength of Study A was the fact that the study was conducted in everyday clinical 
practice and that the patients received the intervention from their usual health care 
professional as a part of routine primary health care. The findings from the present 
study have the potential for generalizability to patients in primary health care, as the 
study included a socio-economic diverse sample from divergent care units. The 
participating units were recruited from a large geographical area in Sweden, and 
worked under different conditions as regards their size, location (urban and rural), 
primary care and occupational health care units and had heterogeneous populations. 
Different professions could prescribe physical activity, as the head of the respective 
unit had to handle that decision. All the units had the model of physical activity on 
prescription, training initiatives, the written prescription form and FYSS in common, 
but adapted the model to regional and local conditions. It was also up to each unit to 
establish interaction between health care and leisure time services personnel and to 
create a community-based network. Since the health care professional and the patient 
together agree upon treatment with physical activity on prescription, or not, the 
recruitment of participants to the study reflect a wide variation of patients (as regard 
age, health problems, reason for prescribing physical activity, suitable prescribe 
physical activity, etc.) that usually are met in primary health care practice without any 
systematic exclusion. This shows that our study could bridge some of the problems 
identified earlier with translating research into health promotion practice [191, 192]. 
Testing physical activity on prescription in a clinical setting strengthens the external 
validity [148, 149]. 

The well defined and described intervention in the randomised controlled study is 
central. Physical activity is a complex behaviour and the strength of Study B is the use 
of, and agreement between, multiple assessment methods that compensate for each 
other. Several complementary methods may be needed to detect a real improvement in 
physical activity level. This study used methods suitable for use in clinical practice. 
Borg’s RPE-scale has been shown to be useful in controlling exercise intensity, and in 
monitoring and prescribing exercise in elderly and/or obese populations [193, 194]. 
Measurement of physical activity in people who are sedentary or who have low 
physical activity is difficult. Existing self-report methods suffer from “floor effects”. It 
is important to measure sedentary behaviour and not define it merely as lack of physical 
activity [7, 17]. For that reason we used self-reported sitting time to measure sedentary 
behaviour, as it has been shown to correlate with sedentary time measured by 
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accelerometer [17]. The drop-out rate in Study B was low and 90% completed the 6-
month follow-up. The present study is one of few randomised controlled study that 
evaluate the effects of intervention methods for promoting physical activity and 
reducing sedentary behaviour. Additional strengths are that the study participants were 
recruited from a population based sample and were well characterised. Multiple 
beneficial effects of the increased physical activity on many cardio-metabolic risk 
factors are encouraging. 

5.6 TRANSLATION OF THE METHOD PHYSICAL ACTIVITY ON 
PRESCRIPTION INTO HEALTH CARE PRACTICE 

The gap between research and practice in many areas of health care and public health 
is large, well documented, and troubling and there is a need to translate effective 
interventions into practice [151-153]. 

Research findings concerning how and to what extent healthcare institutions promote 
physical activity are limited in number. Studies indicate that physical activity in 
prevention and treatment is not used to its full potential in primary health care. Even 
though general practitioners believe they should give advice or counsel about physical 
activity, they are less likely to do so in practice, and more than half are sceptical about 
their ability to help patients practise regular physical exercise [102, 103]. Around half 
of the GPs in Europe counsel sedentary patients [103] and in US 59% of the GPs report 
that they counsel more than 50% of their patients about physical activity, and 18% 
prescribe physical activity for more than 50% of their patients [102]. Twenty eight 
percent of adults in the US report receiving physician advice to increase their level of 
physical activity, and of this only 40% also reported receiving help in making a plan for 
physical activity or follow-up support [105]. Methods like physical activity on 
prescription have received increased attention during the last decade. However, only 
30% of patients visiting health care system over the past year in Sweden reported that 
they had discussed lifestyle issues with doctors or nurses, and only between 20% and 
40% of these (depending on counties) received a prescription of physical activity (i.e. 
physical activity on prescription) [195]. A survey of clinical practice in Sweden 
indicates that healthcare units regard the promotion of physical activity as a vital 
ingredient of their overall responsibility [107]. The use of oral recommendation for 
promoting physical activity is common, but written prescriptions or referring patients to 
other healthcare professionals is more infrequent and the real effort to promote physical 
activity varies greatly among and within various healthcare segments. However, the 
prospect for making clinical practice more effective appears to be good. Health care 
professionals have great confidence in the benefits of physical activity and generally 
regard its promotion as integral to their duties [107]. 

Our studies will hopefully help to overcome some of the barriers for the increased use 
of prescription of physical activity identified earlier [102, 103], as this thesis shows that 
prescription of physical activity is an effective and feasible method for increased 
physical activity. Physical activity on prescription might promote increased everyday 
physical activity in a part of the population who otherwise are hard to reach or have a 
low motivation for lifestyle changes. We also showed that it is possible to incorporate 
physical activity on prescription in routine primary health care when the instruments 
(handbook of physical activity, prescription form, knowledge about physical activity 
and health as well as patient-focused counselling) and structures (for interaction and 
networking with the community and sport and recreational organisations that help 
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patients to be active participants) are available. Assessment of physical activity level 
has several known limitations, and in primary health care practice it can be difficult to 
assess small but clinical significant changes. Therefore the use of a simple question, as 
the question about adherence used in Study A, is an encouraging new possibility. Self-
reported adherence can be a suitable measure for follow-up at return-visits or during 
telephone calls, and could be used to complement short questions concerning physical 
activity level, as patients may have changed their activity pattern despite maintaining 
the same physical activity frequency.  

The intervention in Study B is suitable in clinical practice. Each subject in the 
intervention group was offered intervention contacts of total approximately 90 minutes. 
Physician counselled for a few minutes on individual level, wrote an individualized 
letter with advice based on risk profile and offered one hour group meeting for 12-18 
participants, in total approximately 20 minutes per patients. In addition approximate 30 
(20-40) minutes counselling by a health care professional trained in motivational 
counselling for physical activity, a few minutes of telephone follow-up of counselling, 
and the one hour group meeting, the renewed counselling at 6 month should also be 
included, giving at total of approximately 70 minutes per patient.  

5.6.1 A Swedish perspective 
The Swedish version of individualized physical activity on prescription are now 
evaluated and found to be effective in uncontrolled studies in ordinary clinical practice 
(in Paper I, II and [180]). The efficacy of the method is confirmed (at least in older 
individuals) in the present randomised controlled study. The Swedish version of 
physical activity on prescription, developed over the last decade, is based on earlier 
research, best practice, and continuing evolution as the knowledge base extends [55, 90, 
139]. Currently, the physical activity on prescription method is in use in primary health 
care settings in all counties, but to differing degrees. The Swedish Government stresses 
in their renewed Swedish Public Health bill (Mars 2008) that the physical activity on 
prescription is a promising method that should be used and evaluated systematic [196]. 
Several Governmental commissions states that the Swedish National Institute of Public 
Health should evaluate and disseminate the physical activity on prescription method 
thorough education of health care professionals and other strategies together with the 
new version of the evidence based handbook on the effects of physical activity in the 
prevention and treatment of diseases “FYSS” [55] as an important strategy to promote 
physical activity level and counteract overweight in the population.  

This combined approach with a method that is evaluated for effectiveness in clinical 
practice in several primary health care units and found to have high efficacy according 
to the present randomised controlled study, together with “FYSS” and national 
strategies for dissemination of physical activity on prescription gives good 
opportunities for the translation of physical activity on prescription into clinical 
practice.  

5.7 CLINICAL IMPLICATIONS 

Physical activity is the evidence-based treatment known to be the most effective and 
entailing the fewest side effects or risks in several chronic diseases [16, 27, 95]. There 
is, however, insufficient evidence for feasible methods to promote physical activity in 
health care settings [107]. Positive effects of individualized physical activity on 
prescription were found in Study A as well as in two other studies in everyday practice 
in Sweden [50, 144, 180]. These results show that an individualized prescription of 
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physical activity can be integrated in the primary health care system and that the 
counselling could be delivered by several different professionals. The need for using a 
range of approaches and designs of studies in order to develop evidence-based practice 
is newly highlighted [197, 198]. The present randomised controlled study was 
conducted to evaluate the efficacy of the method under controlled conditions, but with a 
population based sample. This combined approach, including detailed descriptions of 
all identified components of the intervention and the efforts to secure that the 
intervention is usable in clinical practice and provides a good opportunity for the 
dissemination of physical activity on prescription in promoting physical activity.  

The fact that serious health problems is related to sedentary behaviour, together with 
the reduced total sitting time found in Study B, suggest that health care professionals 
should consider this issue with their patients in particular.  

As lack of time and inadequate training, are the most common barrier for physician to 
counsel about physical activity, results from the present randomised controlled study 
and other studies [124, 130, 131, 199] suggest that a short counselling by physician 
combined with involving a broader set of healthcare team members for providing a 
longer and more thorough counselling could be a practical approach to use limited 
resources in clinical practise.  

5.8 FUTURE PERSPECTIVES 

The studies included in this thesis have expanded the knowledgebase of a method for 
promoting physical activity in health care settings, i.e. individualized physical activity 
on prescription. Still, there are major gaps in our knowledge about the long-term 
effectiveness of both this particular method as well as various other methods of 
promoting physical activity in these settings. Future research should be designed to 
enable long-term follow-up of the efficacy of physical activity on prescription, and 
make comparisons with other methods, while considering ethical and social aspects, 
including those related to gender and ethnic background.  

There is a need for studies with longer follow-up periods ( 1 to 2 year); studies that 
allow separate analysis for women and men including diverse populations (such as 
varied age, health problems, preferred physical activities, socioeconomic status, 
ethnicity etc.), more studies in clinical settings under controlled conditions, and to test 
the method in different settings (primary health care as well as hospitals). In further 
studies it is important to include thorough descriptions of used intervention and to 
apply several methods for assessing changes in physical activity levels. Translating 
research results into feasible clinical practice is essential. 

One way to increase extern validity would be a multi-centre study with several counties 
or regions, preferable as Nordic countries collaboration. There is a need for several 
studies with different designs: randomised controlled studies, controlled clinical studies 
as well as quality studies to develop better knowledge how to promote physical activity 
in insufficiently physical active individuals. A health economic study concerning the 
costs and efficacy of physical activity on prescription is also desirable. Further 
investigation is also needed to develop validated measurements of adherence to 
lifestyle counselling. 



54

6 SAMMANFATTNING (SUMMARY IN SWEDISH) 

Fysisk aktivitet är en av de viktigaste faktorerna för vår hälsa. Hälso- och sjukvården är 
en viktig aktör för att främja fysisk aktivitet hos såväl den enskilda individen som hos 
befolkningen i stort. Hittills har det inte funnits tillräckligt med vetenskapliga belägg 
för att en viss metod är bättre än en annan för att öka den fysiska aktiviteten. Trots detta 
har en metod där läkare och annan sjukvårdspersonal förskriver fysisk aktivitet -Fysisk 
Aktivitet på Recept (FaR®) - rönt stort intresse.  

Effektiviteten av Fysisk Aktivitet på Recept har undersökts i denna avhandling med 
hjälp av två studier. Studierna hade olika vetenskapligt upplägg. De är gjorda på 
patienter i primärvård och företagshälsovård (n=481, 75 % kvinnor, medelålder 50 år 
[12-81]) samt på otillräckligt fysiskt aktiva äldre individer med övervikt och bukfetma 
(n=101, 57 % kvinnor, 67-68 år) som rekryterades från en pågående populationsbaserad 
kohortstudie.  

Huvudfyndet var att individualiserad förskrivning av fysisk aktivitet leder till en ökad 
fysisk aktivitetsnivå under minst sex månader. Fysisk Aktivitet på Recept kan vara 
lämpligt att använda som behandling i hälso- och sjukvården som ett sätt att främja en 
fysiskt aktiv livsstil. Självrapporterad fysisk aktivitetsnivå, förändringsbenägenhet för 
en ökad fysiskt aktiv livsstil (stages of change) och livskvalitet ökade signifikant. 
Följsamhet till FaR var 65 %, vilket är minst lika bra som till annan långtidsbehandling. 
Fysisk Aktivitet på Recept är en effektiv metod för att öka den fysiska aktivitetsnivån 
hos äldre överviktiga individer, eftersom den grupp som fick FaR ökade sin 
aktivitetsnivå två till tre gånger mer än en kontrollgrupp, oberoende av vilken 
mätmetod som användes. Även kroppssammansättning och andra riskfaktorer för hjärt-
kärlsjukdom förbättrades av hos otillräckligt aktiva överviktiga äldre individer som fått 
FaR. 

Sammanfattningsvis visar denna avhandling att individuellt utformad förskrivning av 
fysisk aktivitet (FaR) är effektiv i klinisk vardag; 

FaR kan användas i hälso- och sjukvården och är en effektiv metod för att öka 
patienters fysiska aktivitetsnivå. 
Följsamhet till FaR är minst lika bra som till annan behandling vid kronisk 
sjukdom. 
Både fysisk- och mental livskvalitet ökade sex månader efter att patienter fått FaR. 
FaR ökar den fysiska aktivitetsnivån två till tre gånger mer än hos en 
kontrollgrupp. 
FaR minskar riskfaktorer för hjärt-kärlsjukdom hos otillräckligt aktiva, 
överviktiga, äldre kvinnor och män. 

Fysisk Aktivitet på Recept har därför en potential att vara en viktig metod för att i ett 
folkhälsoperspektiv främja en fysiskt aktiv livsstil, och därmed förbättra hälsa och 
livskvalitet samt minska sjukdomsbördan hos både individ och samhälle. 
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7 CONCLUSIONS 

This thesis shows that an individualized physical activity on prescription (PAP) is 
effective in clinical settings and has high efficacy in risk population for at least six 
months.  

PAP can be carried out as a part of routine care and is effective in promoting 
physical activity.  
Adherence to PAP in primary health care settings is as good as adherence to other 
treatments of chronic diseases.  
Self-reported quality of life, both in physical and mental aspects, increased 6 
months after receiving PAP.  
PAP increases physical activity level three times more than in a control group. 
PAP reduced several cardiometabolic risk factors in elderly women and men with 
low physical activity level, overweight and abdominal obesity.  

Physical activity on prescription is one important strategy for public health care system 
to promote physical activity, and, thereby, positively influence public health 
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