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Preface

Ostersund, November 2010

Physical activity has both health promoting and disease prevention properties. An increase
in physical activity is one of the measures that would have the greatest positive impact on
the health of the population. If everyone followed the recommendation of being physi-
cally active on a daily basis, the health of the population would improve considerably and
healthcare costs would drop dramatically.

Regular exercise has well-documented preventative and/or curative effects on a number
of different diseases, such as diabetes, cardiovascular disease, colon cancer and depression.
The burden of illness and disease related to physical inactivity costs society a great deal
in terms of increased healthcare costs and production losses. The European Union Public
Health Information System (EUPhix) estimates that physical inactivity might cost a country
about EUR 150-300 per citizen and year, and the medical cost of physical inactivity in the
US alone was estimated at USD 75 billion in 2000. According to the World Health Report
2000, physical inactivity was estimated to cause 1.9 million deaths worldwide every year.

The healthcare system is in a strong position to work on increasing physical activity in
the population. On one hand, people often come into contact with the healthcare system on
a regular basis. On the other, people often trust their health and medical care providers in
matters regarding their health. Healthcare providers also reach the groups in society that
are the most sedentary, such as the elderly and the ill. One advantage of physical activity
as a treatment compared to medication is that physical activity makes patients feel actively
involved in their own treatment and encourages them to take personal responsibility for their
own health. Physical activity on prescription (FaR®) is a method used in Swedish health-
care to increase physical activity in the population. With this method, the patient receives an
individualized prescription for physical activity in a group or individual setting. Use of this
method has grown in recent years and was applied by all county councils in Sweden in 2008.

The English version of this text has been partly updated with additional beneficial
correlations between physical activity and metabolic syndrome, stress, dementia, schizo-
phrenia and other conditions. In some cases, physical activity can also replace pharma-
ceuticals and, in others, can reduce the need for medication. Prescribing physical activity
should be just as natural as other proven treatments and methods. This text aims to provide
the knowledge necessary to do so.

We would like to express our gratitude to all of the authors for their excellent work. I would
especially like to thank Professor Jon Karlsson and Associate Professor Carl J Sundberg and
the other members of YFA — Yrkesforeningar for Fysisk Aktivitet (Professional Associations
for Physical Activity) for the strong collaboration that made this publication possible.

Sarah Wamala
DIRECTOR-GENERAL
SWEDISH NATIONAL INSTITUTE OF PUBLIC HEALTH



Background

This first version in English is a translation based on the second edition of Physical
Activity in the Prevention and Treatment of Disease (FYSS). The first edition of FYSS
was published 2003, and a great deal has happened since then concerning the knowledge of
physical activity in disease prevention and disease treatment. The first edition felt mostly
like an inciter of interest in the area, but those of us who worked with the second Swedish
and now the first English edition still feel that the area is just as current and exciting as
then, while at the same time noting that the handbook is now perceived as an established
concept in Swedish healthcare.

The book includes no less than 47 chapters. A great deal has happened in the field over
the past eight years, and new facts from several well-done studies have now completed
the knowledge base. The objective of the book is to increase the knowledge of the value
of promoting physical activity in the population. This can be done in a number of different
ways and through different actors such as healthcare services, NGOs, municipalities and
county councils. The book is intended to be a knowledge base, easily available and prac-
tical, for all who work with promoting physical activity, but also to function as a textbook
for various educational programmes.

As before, the project was run by Professional Associations for Physical Activity
(Yrkesforeningar for Fysisk Aktivitet — YFA), which is an independent sub-association
of the Swedish Society of Sports Medicine (Svensk Idrottsmedicinsk Forening — SIMF)
which in turn is a section within the Swedish Society of Medicine. YFA comprises various
professional categories, all of which have the objective of promoting physical activity in
the prevention and treatment of disease. Since the work with the first Swedish edition,
YFA has cooperated with the Swedish National Institute of Public Health (SNIPH), a
cooperation that made the publication of this handbook possible. We would hereby like
to express a huge debt of gratitude to the Swedish National Institute of Public Health and
especially former Director General Gunnar Agren and current Director General Sarah
Wamala and their co-workers for their whole-hearted cooperation and support.

To further deepen the knowledge in this book, we have chosen to cooperate with
the Norwegian Directorate of Health and the National Council for Physical Activity
in Norway. Accordingly, both Swedish and Norwegian authors have contributed to
a broader knowledge base and more in-depth analysis of the evidence. We would like
to direct a major thanks to all of the Norwegian co-authors and editors, especially Anita
Andaas Aadland, Department of Physical Activity, Norwegian Directorate of Health, and
Professor Roald Bahr, Norwegian School of Sports Sciences and National Council for
Physical Activity, for a smooth and well-functioning cooperation. This cooperation has
made it possible to publish a Norwegian edition of FYSS.



Compiling a book of this extent has proven to be a gigantic project, which with the help of
many, particularly the members of YFA’s Board, has now become a reality. Many thanks
to YFA administrator Peter Lamming for his dedicated work. Finally, we would like to
thank the Board of the Swedish Society for Sports Medicine for fruitful interaction and the
society’s chancery officer Ann-Kristin Andersson for continuing support.

It is our hope that FYSS will contribute to increased physical activity in patients and
in society at large, and thereby contribute to improving the health of the entire population.

The editorial committee, Stockholm, September 2010

MATS BORJESSON

MAI-LIS HELLENIUS

EVA JANSSON

JON KARLSSON, PREVIOUS CHAIR, YFA

MATTI LEIJON

AGNETA STAHLE, DEPUTY CHAIR, YFA AND EDITOR OF FYSs 2008 (SWEDISH EDITION)
CARL JOHAN SUNDBERG, CHAIR, YFA

JILL TAUBE
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1. General effects of physical activity

Authors

Jan Henriksson, MD, PhD, Professor, Department of Physiology and Pharmacology,
Karolinska Institutet, Stockholm, Sweden

Carl Johan Sundberg, MD, PhD, Associate Professor, Department of Physiology and
Pharmacology, Karolinska Institutet, Stockholm, Sweden

Introduction

All of the body’s tissues and our genetic material generally look like they did in our ances-
tors 10,000 years ago. The human body is built for movement. Body and mind benefit
from physical activity. Most organs and tissues are affected by physical activity and adapt
to regular exercise. Regular physical activity significantly reduces the risk of premature
death.

This chapter focuses on the immediate effects of physical exertion and the long-term
effects of regular physical activity/fitness training (aerobic training). Physical activity
refers to all bodily movement that results from the contraction of the skeletal muscles and
results in increased energy expenditure (1). For greater detail and references, we refer to
textbooks and overview articles in the exercise physiology literature (2—6) or the more
focused references provided in each section. Aspects of strength training are discussed in
a separate chapter.

Physical activity can be carried out at different levels of intensity. The more intense,
the greater the immediate impact on various bodily functions. Oxygen consumption,
which is directly linked to energy expenditure, increases from 0.25 litres per minute at rest
to slightly more than 1 litre per minute during a relaxed walk. During maximum exertion,
it increases to 2—7 litres per minute, i.e. up to 10-25 times the resting rate.

During physical exertion, the pulse rises and cardiac output increases. Ventilation
multiplies, blood pressure increases, body temperature rises, perfusion in the heart and
muscles increases, more lactic acid is formed and the secretion of hormones such as adren-
aline, growth hormone and cortisol increases.

Maximum oxygen uptake capacity depends on body size, gender, age, fitness level,
genetics and more. The factors that limit performance capacity in full-body exertion
differ depending on the length of the session. The durations stated in the following text shall
only be viewed as approximate for an “average”, middle-aged person — major differences
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exist. In maximal exertion that lasts 5—15 minutes, central circulation (the heart) is gener-
ally considered to comprise the most important limitation of the performance capacity (by
limiting the maximum oxygen uptake capacity). The longer the exertion continues, the
more performance capacity is limited by properties of the engaged skeletal muscles (mito-
chondria, capillaries, some transport molecules, buffer capacity, etc.), which affect the
so-called anaerobic threshold (see below for definition). In terms of long-term endurance
(more than 30—60 minutes), the muscles’ carbohydrate deposits (glycogen) also comprise
a limitation.

What determines the response to exercise training?

Several factors determine how much a person improves if the degree of physical activity
increases. One important factor is the fitness/performance level when the period of exer-
cise training begins. A person who is inactive and in poor shape improves more in rela-
tive terms than a person who is well trained. The effects of exercise are specific to the
organs and tissues that are exercised — only the muscles that are used adapt and only the
parts of the skeleton that are loaded are strengthened. The length of the period of exercise
training also plays a major role. Although some effects from exercise can be seen after
a surprisingly short time of one to a few weeks, the effects are considerably greater if
training continues for several months to years. Of course, the effect of exercise gradually
“levels off” and eventually a considerable amount of training is required just to maintain
the prevailing level of fitness.

Three other important factors are frequency (how often the person exercises), duration (how
long a session is) and intensity (how hard/intense the session is). These three factors determine
the combined “exercise dose”. In other words, the higher the dose, the greater the effect. It
should be pointed out that low doses also have an effect, although to a more limited extent.

Frequency

For physical activity to have the maximum performance and health effects, it must be
pursued often and regularly. The effect that an exercise session has can affect the body for
several days, and then subside. Consequently, for low-intensity physical activity, a daily
“dose” is recommended.

Duration

As arule, the longer the activity continues, the greater the effect it has. In many cases, the
daily activity session can be divided up into several separate 10—15 minute periods, as
long as the total time is sufficient. One common recommendation with regard to time is
30 minutes of physical activity per day.

Intensity
The harder an exercise session is, the greater its performance and health effects usually are,
although excessively intense exercise can lead to deteriorations. Good health-related effects
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often seem to be achieved at a lower intensity, although a higher intensity is important to be
able to improve fitness and to maintain an improvement in condition.

Moreover, thereare of coursealargenumberoffactorsthataffectthe outcome oftheexercise
training. Forexample, exercise can be conducted withrelatively constantor with varying inten-
sity (interval training) and with varying size of the engaged muscle mass (arm,abdomenandleg
muscles compared with just leg muscles, for example). Genetics also seem to play a rela-
tively large role in how large the response to exercise training is, perhaps accounting for
around a third to one half of the variation between people. There is some evidence in the
literature that individuals who increase their performance capacity at a certain exercise dose
more than others appear to activate key genes in a stronger way (7, 8). It has not been estab-
lished whether differences in exercise response are only due to genetic mechanisms (9). Age
can be of significance, although older persons do not generally appear to have a worse ability
to increase their relative performance. The composition of the diet may also play a role;
a deficient diet lessens the response to exercise training. Dietary supplements provide no
proven effect, however.

Effects of acute exertion and regular exercise

When discussing the effects of physical activity on the bodily organs and organ systems,
it is necessary to differentiate 1) what happens in the body during (and after) a session of
physical activity compared with the situation at rest, and 2) what differences are achieved
(at rest or under exertion) after a certain period of exercise training compared with an
untrained condition. In this text, the former is referred to as “Effects of acute exertion”
and the latter as “Effects of exercise training”. The effects of acute exertion are due to a
number of factors and differ between different tissues. The time for achieving different
effects from exercise training varies from function to function, some processes start imme-
diately in connection with the first exercise session, others take weeks to months before
they are noticeable.

From a physiological perspective, a physical activity is called either aerobic or anaer-
obic, depending on which form of metabolism is dominant. One rule of thumb is that phys-
ical activity is aerobic (dependent on oxygen) if the maximum time one can perform the
activity exceeds two minutes (3). Then the muscles mainly obtain their energy from the
oxygen-dependent degradation of carbohydrates or fat. If one has the energy to carry out
the activity for two minutes, but no longer, the metabolism is probably approximately
50 per cent aerobic and 50 per cent anaerobic (not oxygen-dependent). In short-term,
intense physical activity, the muscles work without a sufficient oxygen supply (anaerobic
metabolism) and the dominant energy-providing process is the splitting of glycogen and
glucose into the degradation product lactic acid. Consequently, it is natural that aerobic
exercise and anaerobic exercise provide different effects of exercise training. Aerobic
exercise performed for a sufficient period of time stimulates the adaptation of the heart
and the aerobic systems of the skeletal muscles, which is why regular exercise leads to
the heart increasing its capacity accompanied by an increased mitochondrial volume in the
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engaged skeletal muscle cells. The exercise time in pure anaerobic exercise (such as sprint
training) is too short to provide these exercise responses in the heart and muscles. Such
anaerobic training instead leads to improved conditions for greater lactic acid production
and lactic acid tolerance.

Daily physical activity often has elements of both aerobic and anaerobic activities, such
as walking in hilly terrain. Strength training, especially with heavy weights, is an extreme
form of anaerobic exercise. In interval training (such as interspersed 10—15 second periods
ofhard exertion and equally long periods of rest), aerobic and normally anaerobic exercises
are combined so that the total period of exercise at heavy loads can be kept sufficiently
long to provide an exercise effect on both the heart and the muscles’ aerobic systems (81).

Measurement of exercise dose and exercise effects

Measurement of heart rate or perceived exertion (10) are methods to adjust the exercise dose
to the person’s own capacity. This is discussed in depth in a separate chapter. Pedometers,
or step counters, that measure vertical movements, are good aids for measuring the total
number of steps when walking and running, but are relatively insensitive to many other
movements. To obtain objective measurements of an individual’s physical activity during a
certain period of time, tri-axis accelerometers are used instead, measuring frequency, inten-
sity and duration of movements on horizontal, sagittal and vertical planes (11).

Training effects in aerobic exercise are often measured as the change in the maximum
oxygen uptake capacity. This is the highest oxygen consumption a person can achieve
and is measured when the individual works with a maximum pulse during e.g. running.
In short-term exercise (5—15 minutes), the maximum performance capacity is largely
dependent on the maximum oxygen uptake capacity (12). This can be improved by
20-50 per cent in 2—6 months if exercise is of sufficient intensity. However, there are
very large individual differences in the response to exercise. From the maximum oxygen
uptake capacity, the individual’s maximum energy expenditure can be calculated, since
every litre of consumed oxygen corresponds to an amount of energy of approximately 20 kJ
(5 kCal). Since direct measurement of the maximum oxygen uptake capacity is relatively
difficult, and requires both special equipment and nearly maximum exertion by the indi-
vidual, an indirect approach is often used where the maximum oxygen uptake capacity is
calculated based on heart rate measurements at lower levels of exertion (3). The reliability
of the indirect methods is limited, however.

Determination of the anaerobic threshold (lactic acid threshold test) can be achieved
in a reliable manner from blood lactic acid samples taken during non-maximum exertion
(13). The anaerobic threshold is defined as “the highest sustained exertion intensity at
which lactic acid appearance in the blood will be equal to the rate of its disappearance”. In
terms of percentages, it increases more than the maximum oxygen uptake capacity after a
period of endurance training. The economy of motion can also be improved with exercise.
Accordingly, less energy is consumed for the same amount of work performed (meas-
ured as lower oxygen consumption), efficiency is improved. This may be very noticeable
for many activities such as running while for others, such as cycling, efficiency is gener-



1. GENERAL EFFECTS OF PHYSICAL ACTIVITY 15

ally identical for all individuals. Besides the aforementioned effects of exercise training,
which are significant to performance capacity, important exercise effects can be measured
that are primarily of significance to one’s metabolism (and risk of disease). Among these
are glycosylated hemoglobin (HbA1C) — an integrated measure of blood sugar increases
over an extended period; glucose tolerance — a measure of plasma glucose two hours after
the consumption of 75 grams of glucose, inverse measure of insulin sensitivity and blood
glucose control; and fat tolerance (14) — a measure of blood lipids in the hours after a fat-
rich meal, inversely related to insulin sensitivity. Other methods to measure the effects of
regular exercise include underwater weighing, skin-fold, DXA, BOD POD (15) — methods
to measure the body’s fat content; and immunoglobulin A in saliva (16) — method of meas-
uring immunity in connection with physical activity.

Heart

Acute exertion

During exercise, which involves large muscle groups, there is a high demand on the heart
and blood circulation. The skeletal muscles’ requirement of a supply of oxygen and nutri-
ents and the need for greater removal of carbon dioxide and other waste products as well
as the need for temperature and acid-base balance demands greater blood circulation.
With help from the autonomic nervous system, this increased need can be felt, which leads
to an increase in pulse and the contractile force of the heart. An increase from a resting
heart rate, usually 60—80 beats per minute, up to a pulse of around 120 beats per minute
is accompanied by an increase in the heart’s stroke volume, meaning the amount of blood
pumped out with each heartbeat. Under exertion, heart frequency increases from a resting
heart rate of approximately 60—80 beats per minute to the maximum pulse, which can be
150-230 beats per minute depending mainly on age, but also on individual factors. The
greater contractile force of the heart increases pressure in both chambers of the heart. Pulse
rate and contractile force increase in proportion to the work load and the amount of blood
the heart pumps out increases from 4-5 litres per minute at rest to 20—40 litres per minute
at maximum exertion intensity. The greater cardiac exertion increases demand on the
heart’s own circulation (coronary circulation), which increases 5—8 fold.

Effects of exercise training

The effects of exercise training on the heart, like the majority of organs and tissues, depends
on the frequency, intensity and duration of the exercise sessions. After a few months of
sufficiently intensive exercise, it is typical for the resting heart rate and the pulse during
submaximum exertion to be 5-20 beats per minute lower, for the stroke volume to increase
by 20 per cent or more, and for the heart’s contractility to improve, which is reflected in
a greater ejection fraction (the percentage of the heart’s blood volume that is pumped out
in one heartbeat) at maximum exertion intensity. The maximum heart rate is unaffected or
only slightly decreased. Structurally, the heart’s internal volume increases significantly
and its wall thickness increases somewhat, which altogether means greater cardiac muscle
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mass, primarily due to the individual cardiac muscle cells increasing in size. In addition,
the number of capillaries and mitochondria increases. The expansion capacity of the coro-
nary vessels is improved with exercise training (17). The extent to which the occurrence
of and sensitivity of receptors to signal substances and hormones in the cardiac muscles
change with regular exercise is not fully established (18).

Skeletal muscles

Acute exertion

Acute muscle exertion demands greater activation of individual motor units and the
recruitment of more motor units. In low intensity exertion, mainly motor units with slow-
twitch muscle fibres (type I) are recruited and in more intense exertion, fibres in fast-
twitch motor units (type Ila and IIx) are also recruited.

Muscle exertion demands a great deal of energy in the form of adenosine triphosphate
(ATP). The primary sources of energy for ATP production are carbohydrates and fatty
acids. Carbohydrates are stored in the form of glycogen in the liver and skeletal muscles.
These stores are limited and must be refilled daily. Fatty acids are mostly stored in adipose
tissue in virtually unlimited amounts.

Several factors affect the choice of energy sources during exertion, such as:

Exertion intensity

Energy expenditure is proportional to the exercise intensity. At rest, 60 per cent of the
energy needed is provided by fats and, in low-intensity exertion, roughly the same propor-
tion of the energy is extracted from fat as from carbohydrates. In more intense exertion,
relatively more carbohydrates are used. This is due to several factors, including the fact
that the fast, less oxidative and more glycolytic muscle fibres are involved to a greater
extent and that the muscle cells’ access to oxygen (oxygen pressure) gradually decreases.
With higher work loads, the need for carbohydrates per unit of time increases sharply
and can reach above 200 grams per hour. In maximum aerobic exertion, virtually only
carbohydrates are considered to be burned and in even more strenuous, so-called supra-
maximum exertion, large additional amounts of carbohydrates are split to lactic acid. The
higher the load, the more lactic acid is formed, which makes both muscle tissue and blood
more acidic (lower pH). However, the fatty acid need levels out with increasing work load
and rarely exceeds 20—30 grams per hour. If exertion continues for several hours, 50 grams
per hour may be burned.

The highest level of fat burning in skeletal muscles (grams per minute) is achieved at
exercise intensities approximately corresponding to 50 per cent of the maximum oxygen-
uptake capacity in the general population and to slightly more than 60 per cent of the
maximum oxygen-uptake capacity in very fit individuals (19). However, it should be
added that the total fat expenditure (during and after the exertion) is primarily dependent
on the total energy expenditure, which is why the fat expenditure in high-intensity exertion
is greater overall than in low-intensity exertion lasting the same amount of time. However,
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the duration of high-intensity exercise is often very short and, consequently, fat expendi-
ture is limited.

Fitness level

A well-trained person uses more fat for energy extraction and thereby saves carbohydrates
with each work load, which means that it is possible to maintain a higher intensity of exer-
tion for a longer period of time.

Duration of exercise
The longer a session of exercise of sub-maximal intensity lasts, the greater is the proportion of
fatused. This is partially related to the gradual emptying of the body’s carbohydrate deposits.

Diet

The composition of the diet also affects which energy sources are used. When fasting or on
a fat-rich/carbohydrate-poor diet, fatty acids are used to a greater extent. After so-called
carbohydrate loading, carbohydrates are used to a greater extent during exercise, but in
spite of this glycogen (the storage form of carbohydrates) also lasts longer.

Body temperature
In strong hypothermia or heat loading, relatively more carbohydrates are used.

Oxygen supply

When oxygen availability is limited, such as at high altitudes, and when the blood flow to
the working arm or leg is restricted, carbohydrates are used to a greater extent. An example
of the latter situation is exercise with the arms when held above the heart. In acute exercise,
the blood flow increases sharply (by 50—100 times) in the working muscles. This improves
the oxygen supply and is mainly due to the vasodilatation (expanding of the vessels) brought
about by various factors in the muscles.

Muscle fatigue

Fatigue upon exertion can be due to many different factors in multiple tissues. The local
fatigue in the muscles can, for example, be caused by the accumulation of products from
ATP decomposition or a lack of glycogen. Dehydration affects the circulating blood
volume and can cause fatigue.

Effects of exercise training

The skeletal muscles comprise a very adaptable tissue. Endurance training affects its
structure and function significantly. In terms of the muscles’ contractile function, some
studies have found increased activation and increased recruitment of motor units after a
longer period of exercise training (20). Local fatigue in the working muscles decreases
after a period of exercise training.
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Structure

The size of the muscle fibres changes only slightly in endurance training, while it can of
course increase sharply if the endurance training has elements of strength training. The
slow-twitch fibres (type I) can become somewhat larger. In terms of the distribution
between fibre types within the type II group (fast-twitch fibres), the proportion of type IIx
decreases after around one week at the same time that the proportion of type Ila increases.
The transition from type II to type I (slow-twitch) fibres is very limited in the short term,
although the proportion of slow protein increases in many fibres.

The amount of mitochondria increases markedly (see below). The small capillaries
also increase in number. This improves the blood flow and extends the perfusion time of
the tissue, which facilitates the exchange of oxygen and nutrients. However, in contrast
to some animals, it appears to be difficult to affect myoglobin content with exercise in
humans.

Transport capacity

The occurrence of so-called glucose transporters (GLUT-4) in the skeletal muscle cell
membrane increases immediately in connection with an exercise session and even more
after a longer period of exercise training. This increases sensitivity to insulin and tolerance
to sugar (glucose). The occurrence of fatty acid-binding proteins increases on the capil-
lary wall and in the muscle cell. Exercise training also improves the occurrence of special
transport molecules for fatty acids into the muscle cell and its mitochondria, and transport
molecules for lactic acid out of the muscle cell. This raises the transport capacity consid-
erably. Furthermore, as early as within a few days, the ATPase activity of the sodium-
potassium pumps (enzyme rate) increases, which probably improves the ability to restore
the ion balance (contractility) after the end of muscle exertion (21).

Nutrient deposits

The amount of deposited carbohydrates (in the form of glycogen) and fatty acids (in the
form of triglycerides) in skeletal muscle cells can be more than doubled (glycogen is
tripled or quadrupled) with exercise training.

Fat and carbohydrate use

The amount of enzymes that break down fatty acids increases very rapidly after exercise
training, which facilitates fatty acid use. The mitochondrial density, and consequently the
muscle’s fat and carbohydrate burning capacity, increases relatively quickly with exercise
training. Within just 4-6 weeks, a 30—40 per cent increase can be noted. The very well-
trained have 3—4 times higher mitochondrial densities in trained muscles than those that
do not exercise.

After just a few weeks’ training, a higher “metabolic fitness” is achieved, meaning that
carbohydrates are “saved” and fat is used to a greater extent for energy extraction under
exertion at a given, sub-maximal load level. These tangible differences in substrate selec-
tion are due in part to higher mitochondrial density and a greater transport capacity for
fatty acids. The production and concentration of lactic acid is lower at a given load. The
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buffer capacity for lactic acid is also improved (22). At maximum exertion (higher exer-
tion intensity possible after exercise training), the lactic acid concentration is significantly
higher.

Mechanisms

During acute exertion, the external and internal environments of the skeletal muscle cells
change. Hormones and growth factors surround and are bound to the cells to a greater
extent. One example is Vascular Endothelial Growth Factor (VEGF), which affects the
new formation of blood vessels (23). Inside the cells, the temperature, calcium content
and occurrence of the ATP molecule’s decomposition products increase. At the same
time, pH and oxygen pressure decrease. These and other factors directly and/or indi-
rectly affect a number of proteins in the skeletal muscles. For example, the degree of
phosphorylation of so-called mitogen-activated protein kinases (24) and mitochondrial
factors (25, 82) is affected, which in turn affects processes that control the adjustment to
exercise training, such as the activity degree of some genes. It should also be noted that
only the muscles used/exercised adapt, hence, the exercise is specific, which is of crucial
significance.

Blood

Acute exertion
Upon exertion, the working muscles swell up somewhat, which is due to all of the metabo-
lites formed in the muscle cells osmotically “extracting” fluid from the blood. This fluid
withdrawal to the working muscles directly decreases blood volume somewhat, which
means that the concentration of hemoglobin (blood value) increases by 5—15 per cent. After
the exertion, this increase subsides.

The occurrence of leukocytes also rises sharply under exertion, largely because leuko-
cytes are released from lymphatic tissue, such as lymph nodes and the spleen.

Effects of exercise training

Regular endurance training entails a significant increase in both plasma and blood cells,
which together increase blood volume by 10—15 per cent or more (26). The plasma expan-
sion begins as early as the first week after the first exercise session. A change in the number
ofred blood cells, which is relatively less, can first be observed after a few weeks. Because
the plasma volume expands more, the percentage of the blood comprised by red blood
cells will drop due to dilution. This is why, paradoxically, a person often has a lower Hb
value (blood count) after a period of exercise training despite a higher total amount of red
blood cells. The increased blood volume increases the venous return of blood to the heart
and consequently the end-systolic volume of the heart, which contributes to increasing the
stroke volume and lowering the heart rate at rest and in sub-maximal exertion.
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Mechanisms

The increased plasma volume is probably due to hormonal factors that increase fluid reten-
tion and to an increased synthesis of albumin that binds more fluid in the plasma. The
increased formation of red blood cells is probably due to an increase in the erythropoietin
(EPO) concentration.

Lipoproteins

Acute exertion
Significant changes in blood lipid levels (lipoproteins) are seen after individual exercise
sessions, with higher levels of HDL cholesterol (4-43%), especially subfractions 2 and
3, associated with a reduction of the levels of triglycerides and very low density lipopro-
teins (VLDL). These changes can last 24 hours after the end of exertion (27). A work load
corresponding to five kilometres of running at an intensity corresponding to the anaerobic
threshold has also been given as a threshold value for achieving these changes (28).

An exercise session, such as a one-hour long brisk walk, done within 24 hours before
a fat-rich meal means that the increase in lipoproteins in connection with the meal will
be significantly lower than if no exercise session had been done (29). This can probably
in part be explained by the enzyme lipoprotein lipase in the skeletal muscles’ capillaries
being activated by the exertion and increasing its decomposition of the fat molecules (trig-
lycerides) that flow through the capillaries, and in part by a decreased secretion of triglyc-
erides from the liver. Both of these effects are probably connected to the lack of energy
(reduced levels of energy substrate) that occurs in the skeletal muscles and liver after an
exercise session of a sufficient length (30).

Effects of exercise training

Changes in the composition of lipoproteins with exercise are among the changes that are
thought to underlie the reduced risk of cardiopulmonary diseases among fit individuals.
Physically fit individuals normally have higher levels of HDL cholesterol (high-density lipo-
proteins) and lower levels of triglycerides than untrained individuals. The increase in HDL
cholesterol is considered to be especially important due to its role in the process (reverse
cholesterol transport) whereby the body extracts cholesterol from peripheral tissues for
transport to the liver and excretion.

Other changes in prolonged training, although not as constantly occurring, include
lower overall cholesterol and LDL cholesterol (low-density lipoproteins) (83) as well as
lower concentrations of Apolipoprotein B. The approximate exercise volumes required to
obtain these positive effects from exercise have been given as the equivalent of 25-30 km
jogging or fast walking per week, or in other words an exercise-related energy expendi-
ture of 1,200-2,200 kcal per week. Higher exercise volumes entail additional positive
effects. With this level of exercise, people of both genders can expect the HDL choles-
terol level to rise by 10-20 per cent and the triglyceride level to decrease by 10 to 30 per
cent (31).
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The significance of relatively extensive physical exercise to influence the composition and
concentrations of lipoproteins is clearly exemplified by a large U.S. study (32) in which
overweight men and women were divided into four groups, one control group and three
exercise groups, that were monitored for eight months. Group A exercised (ergometer
cycling, jogging) with an energy expenditure that corresponded to 32 km jogging per week
and with a strenuous load (65-80% of maximum oxygen uptake capacity), group B exer-
cised at the same intensity, but with a shorter distance (corresponding to an energy expend-
iture of 19 km jogging per week), while group C underwent the same amount of exercise
as group B, but at a lower intensity (corresponding to 40—55% of the maximum oxygen
uptake capacity). After eight months of exercise, the concentration of HDL cholesterol
had only increased in group A (+ 9%), together with several other beneficial lipoprotein
changes (such as lower LDL concentrations with an increase in the LDL particles’ size).
Some changes were also noted in groups B and C (primarily an increase in the size of the
LDL and VLDL particles), but to a much lower extent (32).

Blood coagulation factors and platelet characteristics

Acute exertion

An exercise session leads to a significant increase in the number of platelets in the blood.
This cannot be explained by the decrease in the plasma volume that occurs in acute exer-
tion (see above), but rather is probably due to a release of blood platelets from various
organs, such as the spleen, bone marrow and from pulmonary circulation. An activation
of blood platelets has also been observed during acute exercise sessions, primarily among
untrained individuals. Such an activation is reflected in an increased occurrence of the
protein, P-selectin, on the platelets’ surface, with greater aggregation tendency of platelets
and greater formation of thrombin and fibrin leading to a shortened coagulation time. It is
mainly higher intensity exertion that provides these potentially negative effects of physical
exercise. Studies of individuals with coronary disease provide clear support for the theory
that platelet aggregation and activation increase through physical activity. Interestingly,
this increase does not appear to be inhibited by acetylsalicylic acid, which is normally an
effective treatment for conditions of increased blood clot tendency (33).

These results can be compared with what is known about the risk of being afflicted
by a cardiac infarction in connection with physical exertion. It should be noted that it is
relatively uncommon for a heart attack to be triggered by physical exertion; only around
5 per cent of cardiac infarctions occur during or within one hour of physical exertion. Of
these cases, 70 per cent can be related to coronary occlusion by a platelet-rich blood clot.
The definition of physical exertion that is commonly used in these contexts is an energy
expenditure that is six times higher than the energy expenditure at sitting rest (six meta-
bolic equivalents or 6 MET), which can normally be said to correspond to light jogging or
shovelling snow, for example.

In various studies, the risk of being struck by a heart attack during a randomly selected
hour was compared with the same risk during and within one hour after physical exertion.
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In several studies, large increases in risk were reported in connection with physical exer-
tion (34, 35). However, the results only apply to untrained men who rarely (less than once a
week) subjected themselves to this degree of exertion. Regular exercise constitutes strong
protection against the increased risk of cardiac infarction in connection with physical exer-
tion, and the risk has been estimated to only be 2.5 times (34) and 1.3 times (35) greater,
respectively, than at rest for men who exercise regularly (>6 MET at least 4-5 days per
week). For women, the risk of being struck by a heart attack during and in connection with
physical exertion is very small (compared with the risk during a randomly selected hour
without physical exertion), and the small risk that has been reported appears to vanish with
regular exercise. For both men and women who exercise regularly, the risk of having a
heart attack at all (that is at any hour of the day) is less than half of that among untrained
individuals (36).

Effects of exercise training

The sharply reduced risk of sudden death or acute cardiac infarction during an exercise
session among people who exercise regularly indicates that prolonged exercise gives rise
to changes that counteract the increased aggregation tendency of platelets under exer-
tion. This has also been shown (37). Another important explanation is that the mechanism
for the dissolution of blood clots, fibrinolysis, is enhanced among individuals who exer-
cise regularly (38). Other important explanations of the reduced tendency for blood clots
among fit individuals may be that regular exercise leads to higher levels of prostaglandin,
in part as a result of higher levels of HDL cholesterol, and a higher nitrogen oxide content,
both of which inhibit blood clot formation.

Vessels, blood pressure and blood flow distribution

Acute exertion
Arterial blood pressure depends on the cardiac output (volume of blood per minute) and
the peripheral resistance in the vessel tree. During a session of acute exercise, the cardiac
output increases significantly at the same time that peripheral resistance decreases sharply,
although not to the same extent that the cardiac output increases. This means that the mean
blood pressure increases, almost entirely dependent on a systolic blood pressure increase
in proportion to the exertion intensity. At maximum intensity, the blood pressure, meas-
ured over the brachial artery, is 180—240 mm Hg. The change in resistance is not uniform
in the various tissues of the body.

In the vessels of the working muscles and the heart, a marked vasodilation occurs with
a resulting decrease in resistance. This results in the skeletal muscles’ share of the blood
flow at rest increasing from approximately one fifth (of 4-5 litres per minute) to approxi-
mately four fifths (of 2030 litres per minute) under exertion. In other groups of vessels,
such as in the digestive tract, kidneys and resting skeletal muscles, there is a constric-
tion of the resistance vessels, which decreases the relative perfusion in these areas. Under
strenuous exertion, particularly if the exertion is prolonged and occurs in a high ambient
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temperature, the skin receives a relatively larger share of the blood flow. In the hours after
a session of acute exertion, blood pressure drops by 5-20 mm Hg below the normal resting
blood pressure.

Effects of exercise training

Up to just two decades ago, researchers believed that the vessels, except the capillaries,
were relatively passive tubes that could not change with exercise. However, it turns out
that regular exercise improves the function and structure of vessels that supply the engaged
skeletal muscles and those in the heart muscle.

The dilation capacity of arterioles is improved and the inner volume of large arteries
increases. Thanks to this and the increased capillarisation, an even larger proportion of the
blood flow (84) can be guided to the working skeletal muscles. These and other mecha-
nisms, such as increased parasympathetic activity and decreased release of adrenaline and
noradrenaline (see the section on the hormone system), contributes somewhat to lowering
resting blood pressure among those with normal blood pressure despite an increased blood
volume.

Mechanisms

Through the “friction” exerted by the flow of blood against the vessel wall (shear stress),
nitric oxide synthase, the enzyme that catalyses the formation of nitric oxide (NO), is
induced. NO makes the smooth muscles relax and the vessels open. Capillary formation is
probably induced through the formation of so-called angiogenic factors, of which vascular
endothelial growth factor (VEGF) is the most studied. Together with anti-inflammatory
mechanisms and better antioxidant activity, the increased NO formation contributes to
counteracting arteriosclerosis/atherogenesis (hardening of the arteries/plaque formation).

Immune system

Acute exertion

The prevalent view is that regular physical activity of moderate to average intensity
improves the function of the immune system and can reduce sensitivity to infections.
However, hard or prolonged exercise in endurance sports can lead to immunosuppression
and greater infection sensitivity (85).

During sessions of acute exertion, there is an increase in the majority of leukocyte
populations in the blood, primarily neutrophil granulocytes and natural killer (NK) cells,
and there is also a marked lymphocyte mobilisation to the blood. These changes have been
related to the immune-stimulating function of moderate to intense physical exertion (39).
However, in the process after a session of intense exertion, there is often a period of weak-
ened immune function with reduced NK-cell activity and reduced lymphocyte prolifera-
tion (39). This immunosuppression is also clear in several organs, such as the skin, mucous
membranes of the upper respiratory passages, lungs, blood and muscles, and appears to
comprise an “open window” of diminished immunity through which viruses and bacteria
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can enter and gain a foothold in the body. This immunosuppression can last from 3 to
72 hours after an intense exercise session, depending on which immunological markers
are measured (40). Among athletes, the risk of developing a clinical infection in this situa-
tion can be particularly large upon exposure to new pathogenic flora when travelling, and
to a lack of sleep, mental stress, poor food, etc. It has been shown that the concentrations
of immunoglobulin A (IgA) and M (IgM) in saliva decrease immediately after an intense
exercise session, after which they return to normal levels within 24 hours (41). Prolonged
intense exercise can, however, result in a chronic reduction of these levels. This increases
the risk of respiratory infections and it has been proposed that measurements of [gA and
IgM in saliva during periods of intense training may be a way of keeping the risk of infec-
tion somewhat under control.

Macrophages are important cells in the immune system for phagocytosis, the elimi-
nation of microorganisms and tumour cells, and for T-lymphocyte-mediated immunity.
There are preliminary indications that physical exertion can stimulate the macrophages’
function in the former two areas, and possibly reduce T-lymphocyte-mediated immu-
nity. Hard exercise has also been shown to give rise to raised levels of several both pro-
inflammatory and anti-inflammatory cytokines, cytokine inhibitors and chemokines. The
increase in the IL-6 cytokine after an exercise session is particularly sharp, but the signifi-
cance of this increase is still unknown. It is well-known that physical activity leads to
an activation of endogenic opioid peptides (86), which probably also plays a role in the
immune system (42).

Effects of exercise training

Research regarding the relationship between the degree of physical exercise, the immune
system and sensitivity to infections and other diseases is still in an early phase, and it is
often difficult to draw definite conclusions from the results available in the literature. At
rest, trained and untrained individuals appear to show relatively small differences in their
immune system, with the exception of the activity of NK cells, which are usually higher
among well-trained individuals. Besides these changes, reduced function of neutrophil
granulocytes and reduced concentrations of NK cells have also been observed among
over-trained individuals as a result of prolonged intense exercise (40).

Skeleton

Maximum bone mass is reached at the age of 20—30 years for both men and women, and
then slowly decreases with rising age. Besides women having relatively greater bone-
mass loss with age, there is also a sharp drop in connection with menopause. This means
that post-menopausal women have significantly less bone mass than men (43). In the
majority of studies of the significance of physical activity, bone mass refers to the bone’s
mineral density or mineral content. Mineral density can be measured through quantita-
tive computed tomography, ultrasound densitometry or dual-energy x-ray absorptiometry
(DXA) on selected parts of the skeleton or the entire body. It is also known that the bone’s
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size (volume), structure and protein content are affected by mechanical loading (44, 45),
and it has been observed that these variables can often be more informative, since bone
density measurements can underestimate the strengthening of the bone structure as a result
of exercise (46).

Bone tissue is continuously reformed through resorption and synthesis, whereby the
balance between these two processes determines if a net formation or decomposition
occurs. How large the bone mass ultimately becomes is also dependent on the initial
conditions and time. The common perception is that the balance is determined by the
mechanical load the bone cells are subjected to (micro-strain), and that deficient loading
leads to decreased bone mass and excess loading to increased bone mass. Important
factors include how often the load is repeated and the direction, duration, speed, etc. of
the load. For example, dynamic loading with higher speed is more significant than static
loading or loads with a low speed. There is also data that indicates that varying types of
loading can be more effective than repeating the same loading (47, 48). What in a given
situation constitutes the threshold load for bone synthesis to exceed resorption depends on
multiple factors, such as the levels of calcium, vitamin D and hormones. When mechanical
loading is combined with an increase in oestrogen or androgen levels, the effect on new
bone formation is greater than if each factor is allowed to act separately (49). For women,
normal ovarian function is therefore very important to the development of bone.

In light of this, it can be expected that it is the intensity of exercise rather than its dura-
tion that is important to achieving greater bone density, and that types of exercise with
high, temporary loading of the bone (high impact) are particularly effective. The greatest
mineral density among athletically active men and women is also found in sports that
involve impact loading, such as weightlifting, aerobics, squash, volleyball and football.
The difference in bone density among trained and untrained persons, or between the hitting
arm and the non-hitting arm among tennis and squash players, is usually on the magnitude
of 1020 per cent, while changes in bone tissue volume and strength may be larger (44).

It is known that intense physical exercise in adolescence, meaning mechanical loading
on the skeleton, results in larger, stronger and more mineral-dense bones and that this
effect is more pronounced if the exercise is begun early (50). If the exercise starts at an
adult age, only small improvements in bone density are achieved. In spite of this, it has
been clearly shown that the risk of a hip fracture is lower among trained individuals,
while the proof that exercise at an adult age would reduce other types of fractures related
to osteoporosis is not currently as strong (51). On the other hand, monotonous repeti-
tions of the same load over time can cause microscopic damage that weakens the bone
and eventually gives rise to so-called stress fractures (52). An interesting finding is that
veteran cyclists, with many years of training behind them, have significantly lower bone
density than control persons of the same age and, although very physically fit, they there-
fore have a higher risk of being affected by brittle bones with increasing age (53). Among
women, intense exercise training such as long-distance running can also lead to dimin-
ished bone density, probably due to hormonal changes, possibly in combination with low
energy consumption (49). The state of proof is relatively weak with regard to training
with low to moderate intensity exercise also providing a positive effect on the skeleton. In
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terms of non-weight-bearing activity, such as swimming, such activities do not normally
lead to greater bone density.

In light of the fact that half of all women and one third of all men will be affected by a
brittle bone fracture in their lifetime (51), it is of great interest to know if it is possible to
build up a strong skeleton during adolescence that can protect against fractures later in life.
However, available data does not conclusively indicate the existence of any such lasting
protective effect (51) and it has been reported that the risk of fractures among former
athletes is not lower than among those previously not athletically active (51). On the other
hand, in recent years, studies have been published that support the hypothesis that physical
activity in the teenage years and as young adults really is linked to higher bone density
late in life, such as for lumbar vertebra (54) and proximal femurs after menopause among
women (54, 55), as well as for lumbar vertebra and femurs among older men (56), which in
turn could reduce the risk for a fracture in a long-term perspective.

Cartilage

Isolated cartilage cells respond to mechanical loading and an increased strain of a cycli-
cally varying type leads to greater net synthesis of extracellular matrix in cartilage in organ
baths. However, static loading commonly leads to decreased matrix production. In animal
experiments, both intense physical activity on one hand and total immobilisation on the
other have proven to lead to osteoarthritis-like changes. Intense and prolonged physical
activity in human beings is also probably associated with osteoarthritis in hips and knees
(57). The function of cartilage tissue is linked to the interaction between tissue matrix
and the extra-cellular fluid that is bound to proteoglycan molecules in the cartilage tissue.
Loading leads to deformation of the cartilage with fluid outflow from the tissue matrix to
the surroundings, which normalises in the hours after the exertion. After 100 knee bends
in people, this normalisation is reported to take more than 90 minutes (58). Consequently,
it can be assumed that the balance between deformation and restitution is an important
factor, and if this is kept at an appropriate level, damage to the cartilage in connection with
physical activity may be avoided (87). What constitutes an appropriate level can probably
vary significantly depending on different joint anatomy, joint mobility, etc. (59). There are
research results that indicate that kinesiotherapy and passive motion training have positive
effects on cartilage tissue by speeding the restitution phase (57).

Connective tissue

Connective tissue responds to strain with increased collagen synthesis, while immo-
bilisation has the opposite effect. It is believed that a session of physical activity may
in fact lead to increased decomposition of connective tissue as a result of the activation
of protease enzymes. Analogous to what was reported above for cartilage, it therefore
appears as if the actual exercise session leads to a degradation, meaning a reduction of the
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synthesis rate, while synthesis markedly increases in the restitution phase in the ensuing
days. Consequently, it is the balance between the effect on synthesis and decomposition
that determines if a certain training programme leads to improved ligament strength or
to a degradation with ruptures or damage as a result (60). It has also been shown that
several hormonal growth factors and inflammatory mediators play a role in this balance.
An interesting observation is that a considerable net synthesis of new connective tissue
often requires several weeks or months of exercise, because the enhanced decomposi-
tion is most pronounced at the beginning of a period of exercise and can counteract the
increased new formation of connective tissue (60). The strong ligaments that characterise
well-trained individuals provide greater sustainability because the load per cross-sectional
area decreases.

Lungs and gas exchange

Acute exertion

In low-intensity exertion, it is mainly the size of each breath (tidal volume) that increases.
In more high-intensity exertion, the respiratory rate increasingly rises. Altogether, this
means that the pulmonary ventilation increases from 6-8 litres per minute at rest to up
to 150 litres per minute among the untrained and up to 200 litres per minute among well-
trained persons under maximum exertion.

Under exertion, large amounts of oxygen is consumed and roughly the same amount
of carbon dioxide is formed. Despite the sharply increased carbon dioxide formation, the
content in arterial blood and exhalation air decreases at maximum exertion. This is due to
the pulmonary ventilation increasing by 15-30 times at the same time that carbon dioxide
formation increases by only 10—15 times. The extraction of oxygen from arterial blood
increases from around 25 per cent at rest to more than 75 per cent under strenuous exertion.

Effects of exercise training

The pulmonary ventilation under maximum exertion increases. Under sub-maximum exer-
tion, the respiratory rate, tidal volume and consequently pulmonary ventilation is signifi-
cantly lower after exercise training. Exercise training improves the endurance of the respi-
ratory muscles. This occurs by adaptations in the same way as in other skeletal muscles
that are regularly exercised (see above). The lungs’ blood flow distribution changes and
there is a lesser degree of mismatch between perfusion and air ventilation; the upper parts
of the lungs in particular receive a greater blood flow. The lungs’ gas diffusion improves.

Mechanisms

The probable underlying causes behind the training-induced changes in the respiratory
muscles are the same as for other muscles (see above). In terms of the improved blood
flow distribution in the lungs, it may be due to the increased blood volume combined with
changes in the vessels of the lungs.
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Body composition and adipose tissue

The sharp increase in overweight and obesity that has occurred in the Western World in
the past 15-20 years has been associated with growing inactivity, although the relative
significance of decreased physical activity compared with altered caloric intake and meal-
time patterns is unknown (61).

The energy expenditure when running on level ground is on a magnitude of 1 kcal per
kg of body weight and kilometre, while the corresponding value for walking is 20-25 per
cent lower. Accordingly, one hour of walking corresponds to 1/10 of the energy expendi-
ture per day of a standard man (2,800 kcal per day) or woman (2,100 kcal per day). It
being difficult and nearly impossible to predict on an individual level how more physical
activity will affect body weight and body composition is illustrated by the fact that three
glasses (of 2dl each) of a soft drink that may be consumed in connection with training also
corresponds to 10 per cent of the daily energy needs. It has been said that the increase in
the average weight of 20—40 year-olds in the U.S. in the 1990s (approximately 7-8 kg
in eight years) could have been avoided if 100 kcal more of energy on average had
been expended (or 100 kcal less food consumed) per day. This corresponds to just
15-20 minutes of walking or one glass of a soft drink (62).

The appetite can also be affected by physical activity in various ways. Low energy
levels and low levels of insulin in plasma, which is often observed after an exercise
session, stimulates the appetite through neuropeptide Y-releasing neurons in the central
nervous system. On the other hand, intense exertion can lower the appetite through the
release of corticotropin-releasing hormone (CRH) from the hypothalamus with an
anorectic effect. At the population level, knowledge about how regular physical activity
affects body composition is more certain, and several major studies with observation times
of approximately 3—4 months show that various exercise programmes can be expected to
provide a decrease in fat weight of an average of 0.1 kg per week. As a rule, the decrease in
fat weight is always larger than the decrease in body weight, and body weight often does
not change at all due to increased muscle mass (63). The decrease in fat weight is seen in
both genders. Although a tendency of larger decreases are seen in men, it cannot be said
for certain that any gender difference exists.

There is support from studies of rats that exercise training-induced changes occur in
adipose tissue similar to those seen in skeletal muscles, with increases in both mitochon-
drial enzyme activity and in the level of glucose transport protein (GLUT-4). One differ-
ence from the skeletal muscles (where exercise training provides a decrease) is that there is
an increase in adipose tissue of the hormone-sensitive lipase enzyme (HSL) with training,
that is to say the enzyme responsible for the release of fatty acids (lipolysis) into the blood.
This agrees with studies in organ baths of fat cells from humans and rats, where it could be
shown that adrenaline (which stimulates HSL) gives rise to significantly greater release
of fatty acids in fat cells that were taken from trained individuals than in fat cells from
untrained individuals. It is known that being overweight leads to lower HSL concentra-
tions in the adipose tissues, but that the concentration increases in connection with periods of
fasting. The increased adrenaline effect on the release of fatty acids among trained individ-
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uals can, however, also be due to a higher level of the adenylate cyclase enzyme in the fat
cells. Adenylate cyclase conveys the effects of adrenaline by giving rise to the messenger
molecule cyclic adenosine monophosphate, cAMP. The number of receptors for adrenaline
on the surface of the fat cells is probably not affected by exercise, however. To some extent,
the increased fat degradation activity in adipose tissue from trained individuals can be seen
as a compensation for a lower overall adipose tissue mass in a trained individual (64).

In the past decade, it has been discovered that adipose tissue is significantly more meta-
bolically active that was previously known. Today, it is known that several potent peptides
are released from adipose tissue and have important effects on other organs in the body.
Two such peptides are leptin, which has an anorectic effect on the energy balance and also
affects sugar metabolism, and adiponectin, which stimulates fat burning. Adipose tissue
also releases pro-inflammatory proteins such as tumour-necrosis factor alpha (TNF-a)
and other cytokines and acute phase proteins. Angiotensinogen (AGT) formed in adipose
tissue affects blood pressure, and can play a role in the blood pressure increase seen in
overweight individuals. It has not been established how physical activity and exercise
training affect these factors, but the decreased fat mass seen with exercise training can
be expected to decrease the significance of these factors (88). Leptin has been examined
in several studies, but there does not appear to be any unambiguous effect of exertion
or exercise training on leptin levels. However, lower plasma levels of TNF-a have been
observed among well-trained people, which is of interest because TNF-a formed by
adipose tissue is considered to result in diminished tissue sensitivity to insulin, primarily
in skeletal muscles. A decreased level of TNF-a could therefore contribute to the greater
insulin sensitivity that exercise training entails (65).

Nervous system

Much of the knowledge that applies to the effects of acute exertion and exercise training
on the nervous system is gathered from studies of animals, but growing numbers of human
studies of cognition and learning are being published.

Acute exertion

During exertion, the brain has a total metabolism and total blood flow that do not significantly
differ from that at bodily rest. However, during exertion, the activity, metabolism and blood
flowintheareasthattake care of motoractivity increasemeasurably. The glucose concentration
increases interstitially in the central nervous system (CNS) regardless of the blood sugar
concentration. Besides glucose, the brain uses lactic acid as an energy substrate under intense
exertion. The release of neurotransmitters (signal substances) such as dopamine, serotonin
and glutamate in various parts of the brain are also affected during physical exertion.

Effects of exercise training
Regular physical activity affects several different functions in the human nervous system
(89). Functions connected more directly to physical activity improve, such as coordination,
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balance and reaction ability. This increases the functional ability, which can contribute
to the increased well-being which is tied to regular physical activity. Moreover, cogni-
tive ability (especially planning and coordination of tasks) is retained better, sleep quality
is improved, depression symptoms decrease and self-esteem improves. Experiments in
animals have shown that growth factors significant to cells in the central nervous system
are affected by physical activity (66). In the hippocampus (important to memory forma-
tion), the gene expression of a large number of factors increases. For example, the occur-
rence of IGF-1, a very important growth factor, increases. The occurrence of noradrenaline
increases in the brain. There are also studies that indicate that the new formation of brain
cells increases in animals that are allowed to run (67). These animals also show better
learning ability. Other studies have shown that the new formation of vessels increases in
the cerebral cortex after exercise training, which can be of significance to the supply of
nutrients. In cells in the peripheral nervous system, studies in animals have shown that
markers for oxidative capacity/aerobic capacity increase. In addition, there are findings
that indicate that cell size can increase with regular physical activity.

Mechanisms

The increased metabolism associated with more activity in parts of the cells of the brain,
spinal cord and peripheral nervous system entails an effect on gene activity, in part caused
by increased production of growth factors such as brain-derived neurotrophic factor
(BDNF), nerve growth factor (NGF) and galanin (68). Local hypoxia may potentially
drive the formation of new blood vessels around the brain cells.

Skin

Acute exertion

Under acute exertion, especially prolonged exertion in heat, perfusion of the skin increases
sharply and the degree of sweating can be multiplied many times over. A well-trained
person can excrete 2—3 litres of sweat per hour under extreme conditions. Various
hormones affect the sweat glands so that salt is largely saved.

Effects of exercise training

Exercise improves sweating function and thereby heat-regulation capacity. Therefore,
a well-trained person has better heat tolerance at rest and under exertion. Among other
factors, this is due to altered perfusion and changed gene expression in the cells of the
sweat glands. Regular physical activity reduces the amount of subcutaneous fat.
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Gastrointestinal tract and liver

Acute exertion

The gastrointestinal tract is affected in many ways during and after acute exertion (69).
Under strenuous exertion, symptoms occur such as stomach aches, diarrhoea, etc. It is
not easy to determine the degree to which such symptoms are related to stress, dietary
and fluid intake, or the physical exertion. The frequency at which the stomach empties
decreases, at most during strenuous exertion. Besides motility, digestion and absorption,
the gastrointestinal tract’s blood flow, its secretion of hormones and other factors are
affected. The stomach’s lymphoid tissue and the mucous membranes’ immunological func-
tions, such as IgA, are also affected. Under exertion, the liver increases its glycogenolysis,
which contributes to maintaining blood sugar (see below under “Hormone system”).

Effects of exercise training
A well-trained person has a higher gastric emptying rate. The risk of the formation of gall
stones is also reduced.

Hormone system

Acute exertion

Several hormone systems are activated under exertion, and physical activity entails
increased plasma concentrations of multiple hormones, such as adrenaline/noradrena-
line, adrenocorticotrophic hormone (ACTH), cortisol, beta endorphin, growth hormone,
renin, testosterone, thyroid hormone and several gastrointestinal hormones. The levels of
glucagon in arterial blood is only affected to a small degree by physical exertion, while the
concentration of insulin decreases (70). The decrease in the insulin level in plasma during
exertion, which can be very sharp (a drop to half or less of the resting level), is probably
mediated by the increased activity in sympathetic nerves and by small reductions in the
blood glucose level during the exertion. The latter explains why the insulin decrease under
exertion is counteracted or even converted to an insulin increase upon sugar intake during
the exercise session. Because glucagon, like insulin, exerts a significant part of its effect
on the liver, one is at risk of underestimating the significance of glucagon under exertion
when measuring arterial concentrations since the concentration in the portal vein, which
is the concentration “seen” by the liver, is significantly higher and probably significantly
raised under exertion (71).

The catecholamines adrenaline and noradrenaline increase sharply and exponentially
with increasing work load. The source of the circulating adrenaline is the adrenal medulla
and the increase in plasma adrenaline in physical exertion is due to increased sympathetic
nerve activation of this organ. Although the blood’s noradrenaline also comes in part from
the adrenal medulla, the most important cause of the sharp rise in the plasma content of
noradrenaline under exertion is a “flood” of noradrenaline from the sympathetic nerves.
The most important sympathetic nerves in this respect are those stimulating a higher heart
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rate and cardiac contractile force during exertion, as well as those which innervate the liver
and adipose tissue. It is believed that a lower glucose concentration in the portal vein is an
important cause of the strong activation of the sympathetic nervous system under exertion.
The increase in noradrenaline starts at a lower work load than the increase in adrenaline,
and noradrenaline also increases more sharply when exertion intensity increases. These
hormones can increase 1020 fold in strenuous or prolonged exertion. The noradrenaline
content of the blood is often raised for several hours after the end of exertion, while the
adrenaline concentration goes back to resting values within a few minutes (72).

The liver’s greater release of glucose is one of the most important metabolic changes
under exertion and compensates for the muscles’ increased glucose uptake without the
blood glucose level dropping too much. It is practically entirely caused by the changes in
insulin and glucagon (73). The reduction of the plasma insulin level that takes place with
exertion is believed to make the liver more sensitive to the glycogen-degrading effect of
glucagon. The increased activation of the sympathetic nervous system during physical
exertion appears to lack any direct significance to the liver’s increased glucose release.
However, under prolonged exertion, when the adrenaline levels are at their highest, adrena-
line can have some stimulatory effect on the liver’s glucose release in addition to glucagon.
Adrenaline and noradrenaline are mainly of significance to the carbohydrate metabolism
at the muscle level by making the muscle’s glycogen degradation process sensitive to the
stimulatory effect that the contraction process (actually the calcium ions that are released)
has. However, if prolonged exercise leads one to “hit the wall” due to a blood glucose
reduction, a crisis reaction is triggered, whereby adrenaline is released, which leads to
an increase in the liver’s glucose release. The liver’s limited glycogen deposits mean that
new synthesis of glycogen in the liver (so-called gluconeogenesis) becomes important in
prolonged exertion (in addition to the sugar consumed by drinking). Here, the hormone
cortisol plays an indirect role by increasing the capacity of the enzymatic machinery that
takes care of this process.

Another crucial enzymatic process during physical exertion is the release of free fatty
acids from the body’s fat deposits, since free fatty acids are the body’s other important
nutrient during exertion. Here, noradrenaline, released by the sympathetic nerves that
innervate adipose tissue, plays the most important role. Insulin has an inhibitory effect on
the release of fatty acids, although this effect is diminished by its plasma concentration
dropping sharply during exertion.

Increased levels of beta endorphines during prolonged exercise can be of significance
to well-being and blood pressure reduction in connection with an exercise session (74).

Effects of exercise training

Naturally, lower hormone responses at a given work load are observed among well-
trained than among untrained individuals. This applies to the increases in noradrenaline,
adrenaline, growth hormone, ACTH and glucagon as well as the reduction in insulin.
The reduced hormonal activation during exertion among well-trained persons is particularly
notable with regard to the sympathetic nervous system, where the change occurs rapidly,
normally during the first two weeks of exercise (75). The physiological mechanism behind
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this rapid change is unknown, but the activation of stress hormones that occurs with other
stress stimuli is not reduced among fit individuals. It is also well-known that the adrenal
medulla’s capacity to excrete adrenaline is greater among well-trained individuals (sports
adrenal medulla).

The so-called hypothalamus-pituitary-adrenal (HPA) axis is a messenger for the
body’s responses to various states of stress. The resting state of the HPA system is
affected by regular endurance training so that the daily rhythm is shifted (the morning
peak comes earlier) and the release of the pituitary gland’s control hormone ACTH is
increased. Although this can be interpreted as a hormonal stress state in the trained body,
the effector hormone of the HPA axis, cortisol, does not change its resting level as a result
of regular exercise, however. This apparent paradox seems to be explained by the fact
that cortisol provides less effective feedback inhibition of the pituitary and possibly of
the hypothalamus in well-trained individuals, which leads to an increased level of ACTH
(76, 77). This is suspected to be one of several different explanations of the menstruation
disruptions that occur in female athletes. Disturbances of the reproductive system in male
athletes are rarely discussed, but may also exist (90).

Well-trained individuals have lowered insulin concentrations in plasma, both
basally and after sugar intake, due to both a reduced release of insulin from the islets
of Langerhans (78) and an increased tissue sensitivity to insulin (79). The increased
insulin sensitivity is strongly linked to the reduced risk of having cardiovascular
disease that is characteristic of physically trained individuals. As described above in
the section on adipose tissues, regular exercise leads to an increased capacity for lipol-
ysis in the adipose tissue. This contributes to a well-trained person being able to main-
tain a sufficient fat release during physical exertion even though the activation of the
sympathetic nervous system, which controls lipolysis, is sharply reduced. Regular

exercise has a carbohydrate-saving effect by a large part of the energy need being met
with the burning of fat. This is registered by the liver and, after just 10 days of exercise, the
liver’s glucose release during a two-hour exercise bout can be reduced by 25 per cent (80).
In spite of this, regular physical exercise leads to a greater capacity for gluconeogenesis in
the liver.
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Table 1. The effect of endurance training on a few physiological reactions during sub-maximum and maximum
exertion. The direction of the arrows or + o indicate the change compared with an untrained state.

Submax. Max.

VO,* 0 1
Blood pressure 1 +0
Heart rate 1 +0
Pulmonary ventilation !
Muscle metabolism

Glycogen metabolism 1 only glycogen

Fatty acid metabolism T none

Lactic acid formation !
Sweating T T
Body temperature 1 =0
Adrenaline concentration in blood 1 T

* VO, = oxygen uptake capacity.
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Summary

The total amount of physical activity, a combination of intensity, duration and frequency,
is related to various health variables in a so-called dose-response relationship. This chapter
describes recommendations on physical activity, both in general and in relation to aerobic
fitness, strength and flexibility. The link between physical activity, health and physical
capacity is also described, as well as the scientific background of the current recommenda-
tions in brief. To facilitate the prescription of physical activity, a strategy is also outlined
for the application of the recommendations through the activity pyramid.

A summary of the health-enhancing recommendations:

All individuals should be physically active for a combined minimum of 30 minutes, prefe-
rably every day. The intensity should at least be moderate, such as a brisk walk. Additional
health effects can be achieved if the daily amount or intensity is increased beyond this. In
addition, an updated recommendation from the U.S. also includes strength and flexibility
training.

Activity pyramid

To make it easier to prescribe physical activity, the activity pyramid can be an aid (see
figure 1). The principle is that the activities further down in the pyramid are done more
often and at a lower intensity than the activities higher up. One should accordingly proceed
from the pyramid’s base to plan which daily activities can be done. Thereafter, an assess-
ment is made of if and when it would be appropriate to expand the activities, or move
up the pyramid to achieve additional health benefits, based on the individual’s needs,
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interests and previous and current experience of physical activity, physical capacity and
state of health. Activities higher up in the pyramid also provide improvements in aerobic
fitness, strength and flexibility.

Note that in some cases, one must begin further up in the pyramid. Chronic disease and/
or an advanced age may have led to such weak muscles that strength training, for instance,
may be the type of exercise that must precede other exercise to make walking, one of the
pyramid’s “base activities”, possible at all.

Flexibility training should be performed at least 2—3 times per week, such as stretching
(10-30 seconds), 4 times per muscle group.

INACTIVITY

2-3 DAYS/WEEK

STRENGTH

8-12 RM SUCH AS . SUCH AS o
to muscular « body as resistance . rul?ber-band fralnlng At least 1 set of
! « push-ups « weight/machine 8-10 exercises
exhaustion « toe-ups training
« curl-ups
Moderate =» high/breath- SUCH AS SUCH AS
less/sweaty « running 3-5 DAYS/WEEK  « skiing/iceskating
12-16 acc. to Borg's RPE scale « Nordic walking + calesthenics/aerobics/ 20-60 minutes
55/65-90 % of max HR « cycling AEROBIC dance
40/50-85 % of max VO, « swimming « ball sports
« rowing/paddling
At least moderate/talkable WS L S
pace « climbing stairs PREFERABLY EVERY DAY « taking walks At least 30 minutes

« housework « gardening

Min. 12—13 acc. to Borg's (approx.150 keal)
RPE scale ENERGY EXPENDITURE

At least 55-70 % max HR
At least 4060 % max VO

Figure 1. The activity pyramid.

Proceed from the pyramid’s base to plan which daily activities can be done. Thereafter, an assessment
should be made of if and when it would be appropriate to expand the activities, or move up the
pyramid to achieve additional health benefits, based on the individual’s/patient’s needs, interests and
previous and current experience of physical activity, physical capacity and state of health. Activities
higher up in the pyramid also provide improvements in aerobic fitness, strength and flexibility.

Note that in some cases, one must begin further up in the pyramid. Chronic disease and/or an
advanced age may have led to such weak muscles that strength training, for instance, may be the type
of exercise that must precede other exercise to make walking, one of the pyramid’s “base activities”,
possible at all. Flexibility training should be performed at least 2—3 times per week, such as stretching
(10-30 seconds), 4 times per muscle group. 8-12 RM = the highest load that can be lifted through the
entire range of motion 8-12 times.
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Health-enhancing recommendations (table 1)

Recommendations for physical activity are based on the knowledge that exists regarding
the relationship between physical activity and health. Physical activity has various dimen-
sions such as intensity, duration and frequency. Overall physical activity (a combination
of the aforementioned factors) is related to various health variables in a so-called dose-
response relationship. This relationship between physical activity and health benefits (risk
reduction) appears as a continuum, which does not appear to have any lower boundary.
The various health parameters (such as those with regard to osteoporosis, mental illness,
obesity and risk factors for cardiovascular disease) probably have different dose-response
relationships, but this has not been sufficiently studied. The recommendations for physical
activity and expected health effects are also reliant on the starting point, both with regard
to activity level and risk profile. This means that the lower the activity level and the worse
the risk profile is, the greater the effect can be expected to be if the activity level increases.
It has accordingly been shown that the largest health difference is between people that are
physically inactive and those that are a little physically active. This means that significant
health benefits can be achieved through regular, moderate physical activity.

On behalf of the Swedish National Institute of Public Health, Professional Associations
for Physical Activity (YFA) has prepared recommendations on physical activity. The
Swedish Society of Medicine’s Board adopted the recommendation in September 2000,
which is worded as follows:

All individuals should be physically active for a combined minimum of 30 minutes, prefe-
rably every day. The intensity should at least be moderate, such as a brisk walk. Additional
health effects can be achieved if the daily amount or intensity is increased beyond this.
Physically active individuals run half the risk of dying from cardiovascular disease as
sedentary persons of the same age. Physical activity also decreases the risk of having high
blood pressure, age-related diabetes and colon cancer. Quality of life is also improved by
physical activity due to greater mental well-being and better physical health. There is also
strong support for physically active individuals having a lower risk of being affected by
brittle bones, bone fractures caused by falls, blood clots, obesity and mental disorders. In
light of this, all clinically active physicians should advise their patients regarding physical
activity adjusted to their state of health and personal lifestyle.

This recommendation is based on a U.S. recommendation published in 1995 (1) by
20 experts in the areas of epidemiology, physiology and medicine. The scientific support
structure was further deepened in the report Physical activity and health. A report of the
Surgeon General (2) and has recently been updated and clarified by the American College
of Sports Medicine and the American Heart Association (3). In 2008, this resulted the
Physical Activity Guidelines for Americans (27).



44 PHYSICAL ACTIVITY IN THE PREVENTION AND TREATMENT OF DISEASE

In summary, the Physical Activity Guidelines for Americans from 2008 emphasizes that:

1. The intensity should be at least moderate, which means that one is able to talk, but not
to sing, i.e. heart rate and breathing will be increased. This type of exercise is denoted
as aerobic physical activity in these guidelines.

2. The duration of each exercise session should not be less than 10 minutes. It is not
enough to just walk a few minutes back and forth to the parking lot.

3. Exercise of moderate intensity can be replaced by exercise of higher intensity (vigorous
intensity). For instance, walking 30 minutes per day can be replaced by running 20-30
minutes, 3—4 times per week. The same amount of energy is expended in these two
examples, but in a shorter period of time in the alternative with higher intensity.
Consequently, the expected health benefits are considered to be the same.

4. The goals are set per week instead of per day — 150 minutes of brisk walking per week
(moderate intensity) or 75 minutes of running (vigorous intensity). It is also possible to mix
these two intensity levels over the week. The activity should be spread throughout the week.

5. Everyone is recommended to do strength training and flexibility exercises at least two
times per week according to table 2.

6. Balance training is important for the elderly.

. Children need at least 60 minutes per day of moderate to vigorous activity.

8. More health benefits are achieved if the amount of physical activity is increased from
150 to 300 minutes if the intensity is moderate and from 75 to 150 minutes if the inten-
sity is vigorous.

~

As previously mentioned, the health-enhancing recommendations are based on a dose-
response relationship between the amount of physical activity (the product of intensity,
duration and frequency) on the one hand and morbidity and death from cardiovascular dis-
ease or diabetes on the other (1, 2, 5-7). The amount of physical activity can be expressed
with the help of energy measurements, such as kilocalories (kcal) or kilojoules (kJ). These
relationships are based on epidemiological studies, meaning studies at a population level
that often include thousands of individuals. The physical activity is, however, self-selected,
which may be a weakness in scientific contexts, but there are growing numbers of ran-
domised studies that unequivocally support these epidemiological studies and thereby
strengthen the causal relationship between physical activity and disease (8—11). For in-
depth reading, see references 12—15.

Recommendations for aerobic fitness, strength and

flexibility (table 2)

The American College of Sports Medicine (ACSM) published the first version
concerning aerobic fitness training in 1978. In the second version from 1990, strength
and flexibility training were also included. The latest and third version from 1998 (16)
regarding aerobic fitness, strength and flexibility is somewhat modified and compares the
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recommendations concerning aerobic fitness, strength and flexibility with the “health-
enhancing” recommendations.

In contrast to the health-enhancing recommendations, recommendations for aerobic
fitness and strength are based on a dose-response relationship between the exercise inten-
sity, duration or frequency on one hand and measurements of aerobic fitness, such as
maximal oxygen uptake or measurements of strength, on the other. These relationships are
most often obtained through experimental studies on significantly fewer individuals than
in the epidemiological studies. Note that the training of aerobic fitness and strength also
leads to improved health in addition to providing specific effects in the form of improved
physical capacity.

What distinguishes and merges the current
recommendations?

1. Target group

The health-enhancing recommendations address everyone while the ACSM recommenda-
tions regarding the training of physical capacity are limited to healthy adult individuals.
This is because the intensity requirement is higher for the recommendations regarding
physical capacity and consequently, the risks of negative effects also increase, particularly
for individuals with chronic diseases. Special recommendations are therefore needed for
these groups and individuals, which are presented in the various sections of FYSS.

2. Intensity

According to the health-enhancing recommendations, intensity can be either moderate
or more intense to achieve positive health effects. Consequently, intensity is not directly
decisive to the health effect, but rather the total energy expenditure seems to be more
significant to the effect. However, with moderate intensity, the duration must be longer
than with a higher intensity to achieve similar health effects (3, 5—7). However, at higher
intensity, one should keep in mind that the body needs to recover for the optimal effect of
the exercise, meaning that days of rest should be included.

In terms of improving aerobic fitness and strength, a certain intensity must be achieved
to obtain optimal effects, an intensity that is higher than moderate for the majority of
individuals (16).

3. Duration

According to the health-enhancing recommendations, the duration is given as “a combined
minimum of 30 minutes” and the frequency as “preferably every day”. Combined means
that one can accumulate activity over the day, such as three bouts of 10 minutes each. This
is based on the fact that the activities mapped out in the major epidemiological studies, on
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which the recommendations are based, may have been carried out intermittently during
the day. Examples of such activities include climbing stairs, walking to and from work,
and household and gardening work. However, in the latest U.S. recommendations, it has
been established that the activity sessions should not be shorter than 10 minutes each (3,
4,27).

The minimum amount given as 30 minutes of daily physical activity corresponds
to a daily energy expenditure of approximately 150 kcal per day or approximately
1,000 kcal per week. The selection of 30 minutes (150 keal) is based on studies in which it
was found that the risk of premature death was already reduced at 70 kcal per day, but that
the risk decreased further if energy expenditure amounted to approximately 150 kcal per
day (17-19). The high frequency, meaning “preferably every day”, is significant to a high
accumulated energy expenditure over time and to be able to “use” everyday activities at
the same time. From a practical perspective, it is easier to incorporate physical activity in
daily activities if everyday activities in particular can be used.

In the recommendations for aerobic fitness and strength in the latest version from 1998,
the modification was introduced that aerobic exercise (20—-60 minutes, 3—5 times per week)
can be divided into several sessions during the day, although a minimum of 10 minutes per
session. Experimental studies regarding the effect on maximal oxygen uptake support this
modification (20-22).

The lower recommended frequency for the training of aerobic fitness and strength than
in the health-enhancing recommendations, 3—5 times per week for aerobic fitness and
2-3 times per week for strength, is due to the body requiring periods of recovery for the
exercise to have an optimal effect in exercise with higher intensity. In addition, the risk for
strain injuries increases if the frequency is too high in aerobic and strength exercise.

4. The recommendations are “merged”

As previously mentioned, the intensity is different between both of the recommenda-
tions. The health-enhancing recommendations say that the intensity should be “at least
moderate” to achieve health effects, an intensity that is too low to effectively improve
aerobic fitness and strength for most individuals (table 2). However, the health-enhancing
recommendations state that “additional health effects” beyond those achieved with, for
example, a 30-minute brisk daily walk (moderate intensity), can be achieved if the amount
and/or intensity are/is increased. If one opts to increase intensity, the two recommenda-
tions are “merged”, meaning that a more high-intensity activity can provide both health
benefits and greater aerobic fitness/strength (3,4, 27). This is on condition that the chosen
intensity is not so high that the duration is extremely short and the energy expenditure is
thereby below that which corresponds to a 30-minute brisk daily walk, or approximately
150 kceal per day. However, at higher intensity, the risks of cardiovascular complications
increase (23). It should be noted that in regular exercise, the total risk across the day is
reduced in terms of the risk of having a cardiovascular complication, although the risk
during the actual exercise session is elevated (23). However, the increased risk in connec-
tion with a single exercise session appears to be lower for women than for men (24).
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Table 1. Health-enhancing recommendation (1-4, Swedish Society of Medicine).

Frequency Intensity/load Duration
Energy expenditure Preferably every day At least 55—70% of max HR* At least 30 min.
At least 40-60% of max VO, **

At least 12—13 as per

"

Borg’s RPE scale

At least a “talkable” pace

* Max HR = maximal heart rate.

** Max VO, = maximal oxygen uptake.

**% RPE = Borg's ratings of perceived exertion, scale 6-20 (25).

Table 2. Recommendations for aerobic fitness, strength and flexibility (3, 4, 16, 26).

Frequency Intensity/load Duration
(days/week)
Aerobic fitness training ~ 3-5 55/65-90% of max HR* 20-60 min.

(40/50-85% max VO, **)
12—16 according to
Borg’s RPE scale***
moderate = high/breath-

less/sweaty
Strength training 2-3 8-12 RM#**** At least 1 set of
(75% of 1 RM) 8—10 exercises

Borg’s RPE scale >16

Flexibility 2-3 (10-30 seconds)
4 times/muscle group

* Max HR = maximal heart rate.

** Max VO, = maximal oxygen uptake.

#% RPE = Borg's ratings of perceived exertion, scale 6-20 (25).

#¥#% RM = repetition maximum. 1 RM corresponds to the highest load that can be lifted through the entire range of motion
just once.

47
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Introduction

The lack of physical activity, unhealthy eating habits, tobacco use and alcohol consump-
tion are still the largest causes of death and disease in modern society. A sedentary life-
style entails a sharply increased risk of disease and premature death (1, 2). Lifestyle-
related illness entails large costs and is consequently a major burden on healthcare
services. Individuals of all ages, both men and women, achieve health benefits by exer-
cising, and greater physical activity is also important to improve well-being and quality of
life (1,3, 4).

Increasing physical activity is therefore an important task for society in general and for
healthcare in particular. Physical activity is now included as an important component in
the treatment and prevention of various diseases.

Physical activity in disease prevention and treatment (FYsisk aktivitet i Sjukdoms-
prevention och Sjukdomsbehandling — FYSS) is a tool for those who prescribe physical
activity. Here, a number of different experts in various areas have compiled the latest
evidence of the connection between physical activity and health.
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What is physical activity?

Definitions (5)

In this initial chapter, we have consciously chosen use the term physical activity ahead of

terms such as exercise and training:

» Ingeneral, physical activity means all types of movement that increases energy expend-
iture. This means all types of muscle activity such as walking, household and gardening
work, and physical strain in work, outdoor life, exercise and training.

» Health-enhancing physical activity means all physical activity that improves health and
physical capacity without constituting a risk of injury.

» Exercise is planned physical activity with a certain objective, such as to provide well-
being or to improve future health or the equivalent, and most often involves changing
into appropriate clothing.

» Training involves a clear goal of increasing performance capacity in various types of
physical activity, such as in athletics.

What affects our physical activity?

It is important to emphasize that the main part of our weekly expenditure of energy in the
form of movement can be associated with physical activity not tied to scheduled exercise
and sports. This primarily concerns everyday physical activity, active transport, physical
activity at work, physical activity during leisure time in the home or as a hobby, exercise,
training and sports. The major health potential lies in increasing our overall level of phys-
ical activity, both in connection with work and during free time (5).

From theory to practice

Physical activity by prescription

Interest in promoting physical activity has grown in healthcare. Both professional organi-
sations and healthcare personnel have a positive view of prescribing physical activity to
patients (6, 7). However, a major challenge remains in converting the knowledge to prac-
tical reality — going from the evidence that currently exists regarding the health benefits of
physical activity to effectively and naturally integrating physical activity into daily activi-
ties (8). One way of more systematically promoting physical activity is to use a written
prescription for physical activity. This approach has become increasingly more common
in several countries in the past decade (7, 9, 10), and in Sweden, exercise by prescription,
proactive healthcare by referral, prescriptions of physical activity or Physical Activity
on Prescription, FaR® have been used (5). Physical Activity on Prescription (FaR®) is
currently a commonly accepted concept and involves a prescription adjusted to the indi-
vidual corresponding to conventional treatment. The prescription can comprise every-
thing from a simple, written suggestion of an activity to a comprehensive solution with
a supportive structure from a prescriber, activity organiser or leader. At the time of the
prescription, the prescriber can find recommendations and instructions adapted to disease
inFYSS (11, 12).



52 PHYSICAL ACTIVITY IN THE PREVENTION AND TREATMENT OF DISEASE

FaR® on various levels'

Prescribing FaR® is only one of many possible means of promoting physical activity
that can be used in healthcare. Other examples are referrals to other actors in healthcare
and verbal advice to patients. Figure 1 places FaR® in a context to clarify the roles and

commitments for various actors or settings.

Level State of health Prescription form Activity type Arena/activity organiser
1 Il individual Referral Physiotherapy Healthcare
/high risk (not FaR®) services
2 Il individual Specially adapted Volunteer
/high risk FaR® activities. organisations
Most often low
intensity exercise
3 Physically inactive FaR® In writing with Regular Volunteer and
person or person or without referral offering of activities sports organisations
who needs to in-
crease physical
activity. Capable
of normal training.
Preference for
group activities
4 Physically inactive In writing (FaR®) or Own activities. Local society,

person or person

orally (not (FaR®)

Everyday exercise,

residential area,

who needs to in- Without referral e.g. walking, home
crease physical cycling, outdoor life,
activity. Capable gardening

of normal training.
Preference for
own activities

Figure 1. Schematic model describing various levels of promoting physical activity, including FaR®, in
healthcare and NGOs.

Level 1 is relevant to patients with already developed disease/injury, has very elevated risk
of disease or is otherwise assessed to be unfit to participate in FaR® activities not under
the direction of healthcare services. These patients are not included in FaR®, but rather
are referred elsewhere within healthcare such as physiotherapy, although a prescription
for physical activity can be written out to “formalise” the advice. Oral advice on everyday
physical activity such as walking can also beneficially be included in level 1.

1. Excerpt from the report Fysisk aktivitet pd recept (FaR®) — en vigledning for implementering.
[Physical activity on prescription (FaR®) — a guide for implementation.] (in Swedish, summary in
English), Swedish National Institute of Public Health, R 2007:1.
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Level 2 means that patients are issued FaR® and referred to participation in specially
adapted FaR® programmes or activities, such as low-intensity group activities. Activity
organisers are primarily volunteer and sports organisations, but may also be actors within
healthcare, such as occupational healthcare or special physiotherapist units.

Levels 3 and 4 are appropriate if the patient is considered to be capable of participating in

the ordinary range of activities in association life or is assessed to manage maintaining his

or her own activity. The selection of level should primarily be controlled by the patient’s

own preferences. Oral or written advice on own activity (level 4) is appropriate if:

» The patient is assessed to be receptive to, motivated and capable of following the
recommendation on his/her own or with the help of social support.

* The patient commands sufficient strategies to safely and effectively increase his/her
physical activity on his/her own.

» The patient’s state of health and needs (social, emotional, medical) do not require a
customised programme with coaching.

Just as the patient’s state of health can vary between the various levels, the selection of
adapted activities varies, as well as the prescriber’s and the recipient organisation’s exper-
tise in the FaR® work. To take care of patients on levels 1 and 2, the knowledge require-
ments are higher than for those who work with patients on levels 3 and 4, both for health-
care actors and for activity organisers.

For patients to be motivated to change at all and interested in FaR® or oral advice, the
health counsellor’s role is very important in the prescription process. Patients in need of
change, but who have a low level of motivation should be referred to a health counsellor
or similar person with knowledge of motivational discussions and the principles of behav-
ioural change. At levels 2 and 3, the prescribing unit actively cooperates with various
activity organisers, which means a joint responsibility for developing the FaR®-related
efforts in terms of coordination, offering, quality and role distribution. This approach
often includes some form of sluice or coordination function that can exist either within
healthcare, the activity organiser or both, through which the patient or his/her prescrip-
tion passes. Here, it is important that there be a very clear division of responsibility for the
various stages in the FaR® model at the local level, for instance via a detailed flow chart.

Regardless of whether the advice is oral or in writing, with or without a referral, or
recommends group or individual activities, the ultimate goal should be to improve the
possibilities for the patient to be able to maintain regular physical activity on his or her
own on the long term.
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Individually adapted advice

A prescription of physical activity should be individually adapted with regard to the
dosage (intensity, duration and frequency) and type of activity. The point of departure is
that healthy people benefit from being physically active. The greatest impact on public
health, in the form of reduced morbidity (incidence of disease), is achieved if the physical
activity of the least physically active groups is increased, such as the socioeconomically
disadvantaged and the elderly. Individuals with risk factors who have not yet developed
disease are also a potential target group, such as those with a hereditary predisposition for
cardiovascular disease, the obese or smokers.

Persons with various diseases comprise another important target group. However, the
prescription must be individualised in consideration of the patient’s actual disease, func-
tional capacity, medicine interactions and potential contraindications for a certain activity.

Case history of physical activity

To be able to prescribe a suitable physical activity level/activity for a patient, the case
history of physical activity can be used to assess the current level of activity. This should
include information on current activity (if any), how much the patient exercises, what the
patient thinks he or she has time for and the extent to which he or she was previously physi-
cally active. Appropriate questions may include:

1. What are you doing right now? Activity

2. How often? Frequency
3. How long? Duration
4. How hard? Intensity

It is important that the advice is individual, that encouragement is given, that one agrees
with the patient on how everything should be carried out and when a follow-up should take
place. Itis also important the that level of exercise is set at an adequate level, especially for
those completely unaccustomed to exercise, to avoid failure and for increased flexibility.

What should the prescription include?

The prescription should be specific with clear lines about:

* The type of physical activity that is suitable for the individual patient.

* Dose, in other words the intensity of and duration of each activity session, and the
frequency (number of times per week).

Form for the prescription of physical activity

Today, there are several different variants of forms for prescribing physical activity. The
original Swedish FaR® prescription (see figure 2) was a reworked version of the common
pharmaceutical prescription. The majority of county councils currently have specially
adapted forms that also include suggestions of activities and actors. Some of these are also
integrated with the existing patient record systems.
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Figure 2. The original Swedish prescription form for physical activity on prescription (FaR®). The form
resembled the ordinary drug prescription form in terms of content, layout and colour. Two different physical
activities can be prescribed on the form with information on the type of physical activity, dose (i.e. intensity,
duration, frequency) and reason for prescription. The name of the patient, the name of the prescriber and the
date of the prescription should also be noted.



56 PHYSICAL ACTIVITY IN THE PREVENTION AND TREATMENT OF DISEASE

How can FYSS be used in practice?

The following is an example that describes how FYSS can be used by a doctor in the
meeting with a patient.

As the prescribing doctor, you have a patient in front of you with recently arisen hyper-
tension. The patient’s blood pressure is at 150/95 and in an assessment of the patient’s
total risk profile (age, gender, smoking and other risk factors) he or she is assessed to not
be sufficiently physically active. You decide on a non-pharmacological initial treatment
once the diagnosis has been confirmed with repeated blood pressure measurements. You
look in FYSS under “Hypertension”. You may not be really certain which type of activity
is most appropriate to achieve a reduction in blood pressure, what effects can be expected
and how long it takes to achieve a maximum effect. In FYSS, you read that:

“The latest international recommendations for the treatment of hypertension empha-
size an individual prescription of treatment based on the patient’s unique ‘risk profile’ (13).
Physical activity, and the impact on other lifestyle factors, is considered to be the primary
treatment in mild hypertension (blood pressure, BP, < 160/90) (13) and is considered to be
a supplemental treatment for hypertension otherwise (13). However, physical activity is
considered to be contraindicated upon an uncontrolled BP over 180/105 until an adequate
reduction in blood pressure has been achieved with pharmaceutical treatment (14).

In hypertension, mainly activities of moderate intensity that improve condition, at least
30 minutes a day, five times a week, are recommended (13—15). Suitable activities could be
jogging, Nordic walking, swimming and/or cycling. Physical activity is a perishable good
and needs to be continuous to maintain its effect. Meta-analyses of studies have shown
that dynamic activity at this intensity can reduce systolic blood pressure by approximately
7 mm Hg and diastolic pressure by 5 mm Hg (15), although with low weights and many
repetitions (circuit training), which can reduce systolic blood pressure by approximately 4
mm Hg and diastolic pressure by 3 mm Hg. However, strenuous strength training, such as
weightlifting and power lifting, should be avoided. The maximum effect on the blood pres-
sure is achieved after up to six months of physical activity. Consideration of any current
diseases must, of course, be taken when the prescription is written.”

With the help of FYSS, a patient with newly arisen hypertension with a low overall
risk profile could be given clear recommendations about, when and what form of physical
activity is suitable as treatment for him or her.

Success factors

A prescription for physical activity does not automatically lead to changed behaviour
and a higher physical activity level in the patient on the long term. Several other factors
affect the result. A major challenge is that our modern social structure often even coun-
teracts a physically active lifestyle and encourages being sedentary. Methods for behav-
ioural change are therefore considered to be important for successful change efforts, but
to-date, few programmes have systematically used evidence-based methods for behav-
ioural change (16), even though this has been encouraged to increase the effectiveness of
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health-promoting programmes. For example, this could involve health counselling focusing
on raising the patient’s motivation, objectives, handling perceived obstacles, strengthening
self-confidence and social support, encouraging daily activities and measuring one’s own
activity, such as through step-counters or a journal (17). The programme set-up should be
based on a tried model for behavioural change and support for its maintenance, such as
through follow-up phone conversations.

Various professional trade organisations and national institutions have emphasized the
promotion of physical activity as an important area of development in recommendations and
management documents. The American College of Preventive Medicine argues for primary
care routinely involving advice regarding physical activity in patient meetings (6).

A number of factors considered to be success factors in successful interventions have been

identified, including:

« the staff having been given qualitative continued education

» goal-oriented measurement of the patient’s activity level

* the use of behavioural-change models

 advice tailored to vulnerable sub-groups

» afocus on changing one lifestyle element at a time

* involving teams of healthcare staff who help each other to carry out different parts of
the intervention

* good support systems and clear procedures at each respective unit

* including individually adapted advice in writing based on the “stages of change”

* involving some form of follow-up of patients.

In addition, the 54 structure is considered to be very promising as an effective model that
can relatively easily be introduced in primary care (6).

Counselling with the 5As

One commonly occurring obstacle to all lifestyle advice in healthcare is a lack of time. Today,
there are a large number of conversational techniques that can be used in a short consulta-
tion of a few minutes or as a series of longer conversations on multiple occasions. The 5As
(Assess, Advise, Agree, Assist, Arrange) aim at quickly and easily structuring a lifestyle
discussion (18).

1. Assess— Ask about the physical activity level and assess the patient’s proclivity to change.

2. Advise — Provide information and individually adapted advice based on the patient’s
needs and motivation to change. Consideration should be taken of age, gender,
ethnicity, BMI, disease history, activity experience, prior attempt to change lifestyle
etcetera. The advice may be either oral or written.

3. Agree— Communicate in a spirit of partnership by using patient-centred techniques and
finding activities that the patient is interested in and has the possibility of pursuing — set
up realistic goals.
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4. Assist — Use various techniques to increase the patient’s motivation and self-confi-
dence and to address the surrounding environment.

5. Arrange — Plan the follow-up, provide ongoing assistance/support and potential return
visits to adjust the treatment plan as needed, including referral to more intensive or
specialised treatment and sluice the patient on to an activity organiser if this is of
interest.

These five steps need not necessarily be followed at the same visit, or even by the same
person. The measurement and assessment of the patient’s activity level can be carried
out by the patient or by a suitable staff group with various test instruments (19, 20). For
example, the physician can assess the patient’s level of activity and desire to change and
give oral advice with a referral to other personnel who have more knowledge in motiva-
tional work and who complete the remaining stages of the 5As. The concluding stages,
assist and arrange, can take place both within healthcare and at the healthcare services’
cooperative partners within the FaR® work. One such comprehensive solution enables the
healthcare staff, the healthcare system and its cooperation partners to be able to carry out
supplementary tasks (20).

Competency, responsibility, follow-up and confidentiality in Sweden’

Prescribed physical activity is a complement to or replacement for pharmaceuticals. The
person prescribing physical activity should have an adequate level of competency and suffi-
cient knowledge of the current patient’s health and illness status, since there can be some
activities that are directly unsuitable for certain disease conditions (also refer to the respec-
tive chapters in FYSS). The prescriber should sign off on any special cautionary measures
that may need to be observed or not.

Which professional groups may prescribe physical activity?

The prescription of physical activity is not a rule-controlled task (in Sweden) and can
consequently in principle be carried out by any of the licensed personnel, on condition that
the person in question commands the knowledge necessary to carry out the task correctly.
It is the responsibility of every operational manager to lead the work in the scope of the
human resources and other resources the caregiver makes available and to distribute duties
in line with their type and level of difficulty and in consideration of the need for expertise
and professional experience. The operational manager is responsible for ensuring that the
personnel that is to carry out various tasks has the expertise required for this.

2. Excerpt from the report Fysisk aktivitet pa recept (FaR®) — en véigledning for implementering.
[Physical activity on prescription (FaR®) — a guide for implementation.] (in Swedish, summary in
English), Swedish National Institute of Public Health, R 2007:1.
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Liability

In accordance with the Swedish National Board of Health and Welfare’s regulations
(SOSFS 2005:12) regarding management systems for quality and patient safety in health
and medical care (in Sweden), the caregiver shall ensure that the management system
includes procedures that indicate the personnel’s responsibilities and authority. The opera-
tional manager is responsible for appointing and registering which qualified healthcare
personnel will perform the task of independently prescribing physical activity. A member
of the health and medical care personnel that prescribes physical activity bears respon-
sibility for the measure in accordance with Chapter 2 Section 5 of the Act (1998:531) on
professional activity in health and medical services. A prescription of physical activity
shall be documented in the patient’s records, in accordance with Section 3 of the Patient
Records Act (1985:562). Oral advice regarding physical activity shall also be noted in the
patient’s records.

Patient insurance applies to activity within county council care. Therefore, adequate
record notes regarding physical activity as a treatment are just as important as notes about
examinations or pharmaceutical treatments. However, if a patient who was prescribed
physical activity injures him or herself in activities outside the county council’s facili-
ties, the insurance only applies if the injuries can be directly related to the prescription in
question. If, for example, the patient stumbles on a tree root on the exercise course and
sprains an ankle, the insurance does not apply. However, if the patient should be struck by
a heart attack while conducting the activity, this should be reported to the patient insurance
agency for further investigation. For more information, see www.psr.se. For example, if
the patient injures him or herself at a gym after being prescribed physical activity, the
owner of the gym can be liable under civil law if it is a matter of deficient safety proce-
dures at the gym. Otherwise, the owner of the gym cannot be held liable for injuries the
patient may potentially suffer.

Follow-up

Within healthcare, the quality of the operation shall systematically and continuously be
developed and ensured pursuant to Section 31 of the Health and Medical Services Act
(1982:763). Section 2 a, paragraph one of the Health and Medical Services Act contains
fundamental stipulations regarding patient safety and the quality of care. The follow-up of
a prescription of physical activity does not differ from the follow-up of other treatments
within healthcare. Pursuant to the Swedish National Board of Health and Welfare’s regu-
lations (SOSFS 2005:12) regarding management systems for quality and patient safety in
health and medical care, the management system shall ensure that procedures are in place
for how new methods of treatment shall be developed, tried and introduced so as to ensure
patient safety. Furthermore, procedures shall be in place for how established methods are
to be applied, continuously followed up and, where necessary, revised, as well as proce-
dures for the measures that shall be undertaken when the application of the the methods
needs to be changed.
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Confidentiality

Asper Chapter 7 Section 1 of the Secrecy Act (1980:100), confidentiality applies in health-
care for information regarding the individual’s state of health or other personal circum-
stances, unless it is clear that the information can be disclosed without the individual or
any party related to the individual suffering harm. As per Chapter 14 Section 4 paragraph
one of the aforementioned act, confidentiality for the protection of the individual does not
apply to the individual him or herself and can otherwise be granted exemption by him or
her in part or in whole.

For private healthcare, a corresponding stipulation regarding confidentiality is set forth
in Chapter 2 Section 8 of the Act (1998:531) regarding professional activity in health and
medical services.

If, for example, prescribed physical activity is sent to an organisation outside healthcare
for information, the patient’s consent must consequently be obtained first. The Secrecy
Act does not apply outside public operations. When, for instance, a private company
receives prescribed physical activity, the company should prepare a contract regarding
confidentiality.

Methods to promote physical activity

To evaluate effects and cost impacts of various methods for healthcare to promote physical
activity, the Swedish Council on Technology Assessment in Health Care (SBU) conducted a
systematic review of the scientific literature (4). The main objective of the report was to review
the effectiveness of the measures with regard to the impact on the level of physical activity. All
studies reviewed in the report had a follow-up time of at least six months, a relevant control
group and the outcome measurement was an increase in the level of physical activity.

Advice, theory-based behavioural interventions, supervised training in groups and
individually adapted training programmes as well as children and young people were the
methods and important areas that were identified (4).

With regard to advice, the conclusions were that:

* Advice and counselling of patients in everyday clinical practice increases physical
activity by 12—50 per cent for at least six months after the counselling session.

* More frequent, intensive counselling by means of repeated sessions for several months
additionally boosts physical activity.

» Counselling supplemented by prescribed physical activity, diaries, pedometers, infor-
mational brochures, etc., increases activity by another 15-50%.

With regard to supervised training in groups and individually adapted training

programmes, the conclusions were that:

* A six-month group exercise programme for patients with coronary artery disease
promotes physical activity.

* A six-month supervised exercise programme for patients with peripheral arterial
disease increases physical activity in terms of walking distance and/or time.
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With regard to theory-based behavioural interventions, the conclusions were that:

» Theory-based behavioural intervention increases physical activity 10—15% more than
usual care and as much as structured exercise programmes.

* More extensive behavioural interventions further boost physical activity, though with a
diminishing marginal effect.

» Interventions that include a person’s entire lifestyle, focusing on diet and stress
management as well as physical activity, reinforce the increase in activity.

With regard to methods directed at children and young people, it was determined that:

» Devoting greater resources to school curricula in areas such as health education, text-
books, study materials and teacher training increases activity by 5-25% during physical
education classes — even more so for boys than for girls.

» School-based interventions that include multiple components — such as teacher training,
curriculum modifications, extra activity sessions during class periods and/or recess,
support for behaviour changes, improved health education and the involvement of
parents — favourably impact the physical activity of children and adolescents during the
school day and sometimes during after-school hours and weekends as well.

» School-based interventions for groups at greater risk of cardiovascular disease increase
physical activity by approximately 10%.

The supply of health-economy studies that illustrated the project’s questions was so limited
that no conclusions could be made regarding the cost-effectiveness of the methods studied.

Description of an implementation model for FaR®?

A fundamental starting point for all intervention work is that it is important to take the
local conditions into account. This means that the work on FaR®, for example, can look
differently in different parts of the country or within the same county or municipality. A
summary is presented below of the model for implementation of FaR® as described in the
report Fysisk aktivitet pd Recept (FaR®) — en viigledning for implementering [Physial
Activity on Prescription (FaR®) — a guide for implementation](11).

Work on promoting physical activity in healthcare should be based on a broad coop-
eration with other actors and be rooted in the operation, preferably in a policy decision.
The so-called PRECEDE-PROCEED model developed by Green and Kreuter (21) is an
accepted and useful model for developing, implementing and evaluating health-promoting
programmes and efforts in accordance with such an approach, and has been further devel-
oped for the work on promoting physical activity in primary care and how this can be
systematised (22).

3. Excerpt from the report Fysisk aktivitet pd recept (FaR®) — en végledning for implementering.
[Physical activity on prescription (FaR®) — a guide for implementation.] (in Swedish, summary in
English), Swedish National Institute of Public Health, R 2007:1.



62 PHYSICAL ACTIVITY IN THE PREVENTION AND TREATMENT OF DISEASE

Here, a modified version of this model is presented, adjusted to Swedish conditions, which
treats how all healthcare services can work to promote physical activity. The model is
divided into nine phases that include a mapping of needs, diagnoses, policy, coordination,
implementation and evaluation of a FaR® programme (see figure 3).
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g 1. Health status and quality of life 9. Outcome evaluation 0
E
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2 2. Physical activity 8. Effect evaluation 3
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. ) . 2

3. Policies, agreements and assignments 7. Process evaluation

4. Local society and external
determinants

5. Healthcare diagnosis

6. Implementation

Figure 3. Framework for the diagnosis, implementation and evaluation of an FaR® programme.

Phase 1 concerns mapping and understanding the health needs in the local society, the
health status of the residents and the patients’ state of ill-health, such as the occurrence of
chronic disease, quality of life, age structure, socioeconomic differences, etc. Investigating
health status and quality of life are important since FaR® programmes should ultimately
lead to improved health on an individual level and improve markers for health on a local
society level.

Phase 2 brings up the need to map the patients’ physical activity patterns, establish goals
for increasing physical activity and establish what types of physical activity are needed.
This stage in the planning can also bring up potential interaction with other lifestyle habits
(such as smoking, diet, alcohol).

Phase 3 maps whether or not there is support for the FaR® efforts in current management
documents/agreements/assignments to work with promoting physical activity in both
one’s own organisation as well as in cooperation with other actors.

Phase 4 concerns healthcare as an actor in the local society and the impact of the local
society’s other determinants for physical activity and health, such as climate, availability
of activities, access to bicycle paths, exercise trails, parks, the local sports offering and
other association life. Even if it is not healthcare’s primary task to map physical and social
conditions, obstacles and qualities in the local society, there are a number of important
aspects to take into account when starting an FaR® programme.

Phase 5 maps factors that affect the patient’s meeting with healthcare and is divided into
three overall areas: healthcare, personnel issues and patient issues that somehow affect the
health-promoting work with FaR® (see table 1).
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Table 1. The impacts of healthcare, personnel and patients on the prescription of physical activity.

Level Definition Example

Patient Factors that the patient brings Knowledge, reason for the visit, expectations,
with into the meeting with the motivation, obstacles, conditions, experiences,
caregiver. history of activity.

Personnel Factors that the licensed Knowledge, interest, motivation, skills,
personnel brings with to the expectations of themselves to be able to
meeting with the patient. influence patients, the personnel’s own level of

activity, role models (positive: bicycle
helmet in the treatment room, or negative:
smell of cigarette smoke), empathy.

Healthcare services External factors that affect the Prescription form, information materials,
FaR® work. personnel training and sufficient expertise at
an organisation level, bicycle rack outside the
unit, attractive stairwells, other personnel,
exercise possibilities during or in connection
with working hours for the personnel.

Phase 6 emphasizes the importance of working systematically. A systematic approach is
more effective in promoting physical activity and in creating better conditions for long-
term efforts at the programme level (16). The experiences from the Swedish FaR® efforts
is that the implementation process in particular is the most difficult phase and the one that
takes the longest (12). Also refer to the success factors above.

It is important that every FaR® programme establishes its own approaches and models
as well as selection criteria for the participants. This includes a good internal structure
for the FaR® work (who, what, how?) and good coordination with the activity organisers
(with whom, which activities, in what way?). Supportive factor include the local society’s
range of facilities and other external conditions for exercise and physical activity, as well
as the expertise of relevant professional groups to work with FaR®. It is in healthcare that
the prescription process begins and it is the prescriber/prescribing unit that decides what
the first steps look like.

It is also important that both healthcare and other involved actors respect each other’s
knowledge, underlying conditions and possibilities in the FaR® work.

Phase 7—9 — evaluation
Evaluation efforts have been divided into three phases: process evaluation, effect evalua-
tion and outcome evaluation.

Phase 7 — the process evaluation focuses on achieved intermediary measurements in
phases 3, 4 and 5, such as knowledge, attitudes, motivation and inclination to change
of the patient and the personnel, changes in factors concerning the prescribing unit and
activity organisers as well as policy issues. The process evaluation can also investigate the
implementation phase. The objective of the process evaluation is to better understand the
processes and factors that facilitate or obstruct goal fulfilment in phases 1 and 2.
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Phase 8 — the effect evaluation investigates the FaR ®programme’s affect on physical
activity, quality of life or accepted physiological evaluation measurements such as oxygen
uptake capacity or work capacity, and should indicate whether the goals set in phase 2
were achieved or not. The follow-up of the prescription and feedback to the prescriber
is a very important dimension to improve maintenance and to drive the entire work with
prescribed physical activity further. Follow-up should be carried out at the end of the
activity programme/activity prescription to follow-up the outcome of the behavioural
change to a more physically active lifestyle.

Phase g finally investigates the FaR® programme’s impact on various health outcomes
and the goal-fulfilment of goals established in phase 1. This phase does not usually belong
to the individual unit’s main tasks, but can be carried out in cooperation with the public
health unit in the county council/region or the equivalent.

FaR® in the Nordic region

There is also a growing interest in promoting physical activity within healthcare outside
Sweden. In the Nordic region, there are several variants of prescribing physical activity:
Physical Activity on Prescription (FaR®) in Sweden, Gronn resept (Green prescription)
in Norway, Motion som lcegemiddel (Exercise as a remedy) in Denmark, and Prescription
Jfor physical activity in Finland. In contrast to Sweden (the majority of Sweden’s county
councils), where all licensed healthcare personnel may prescribe physical activity, the
work in the other Nordic countries is more based on only physicians being able to do so.
In Norway, work on physical activity is conducted in parallel with dietary efforts. There is
also a national compensation system and limits to the diagnosis groups in which the Green
Prescription is an option. The Norwegian government decided that the entire country
would work with Green Prescriptions. In Denmark, efforts have taken place on a national
level to develop a method for the entire country. In 2008, the Danish National Board of
Health will draft guidelines for using exercise as a remedy. Since 2003, there has been an
equivalent to FYSS in Denmark, Fysisk aktivitet — handbog om forebyggelse og behand-
ling [Physical activity — handbook on prevention and treatment]. In Finland, two models
exist for the prescribing of physical activity and in both only physicians may prescribe
physical activity. The national method is the Prescription for Physical Activity, which
is a cooperation project between the Finnish Rheumatism Association, the “I form for
livet” [In shape for life] programme, the Finnish Medical Association, the Finnish Heart
Association and the UKK Institute. There is also the “Fysiotek” conducted by Folkhélsan
(the largest Swedish-speaking social and healthcare NGO that is directed at the Swedish-
Finnish population). An important reason that the work in developing prescribed physical
activity differs between the Nordic countries lies in differences in social structures and that
the county councils in Sweden have greater autonomy (23). Links to and a more detailed
description of the on-going efforts in the Nordic region are available on the FYSS website,
www.fyss.se.
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The following are a number of useful Internet addresses for each country:

Sweden

Swedish National Institute of Public Health www.thi.se

FYSS www.fyss.se
Norway

Norwegian Directorate of Health www.shdir.no
Denmark

National Board of Health www.sst.dk
Finland

Folkhélsan Finland www.folkhalsan.fi
(Swedish-speaking part of Finland)

Liikkumisresepti www.litkkumisresepti.net

(in Finnish with summaries in
Swedish and English)
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Introduction

Regular physical activity increasing health and well-being for the individual and saving
society considerable cost are known facts today. It is estimated that the cost resulting from
insufficient physical activity amounts to approximately SEK 6 billion per year (1). Efforts
are being pursued in society as a whole and in schools to increase the level of physical
activity (2).

Many are aware of the benefit of physical activity and recommend regular physical
activity, but are nonetheless passive in their daily lives. The research that concerns going from
being physically passive to being active show that this process is more difficult than what can
initially be believed. Behavioural change is a difficult process to grasp in many regards (3—6).

With the recommendations for physical activity that exist today (a minimum of
30 minutes a day) (7), a majority of the adult population is inactive (8). Inactivity results in
a lack of energy and excess weight. Daily life also places increasingly fewer demands on
natural physical activity. We can change tyres on the car at a garage. We can take the lift
instead of stairs, etc. The excess weight sneaks in and, consequently, the weight gain is not
as striking — circumstances “cushion” a loss of energy and weight gain.

Physical activity in a time perspective

In a study from Visterbotten, a health follow-up has long taken place among persons who
turn 40, 50 and 60 years old. The study is being carried out by the Visterbotten County
Council and comprises diverse data, including a few questions regarding physical activity.
As a part of the study, a follow-up was carried out of approximately 16,000 people after
ten years (9, 10). See table 1.
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Table 1. Responses to the question of how often the person had exercised after first having changed into
training clothes. The same question was answered by 16,000 people with ten years in between.

First year Never Now and 1time/week  2-3times/ More than Total

Tenth year then week 3 times/week

Never 4022 933 503 354 112 6 004
Now and then 1679 1336 685 522 136 4358
Once weekly 988 814 824 642 153 3421
2-3 times/week 287 272 286 469 162 1476
More than 133 111 88 169 171 672
3 times/week

Total 7109 3526 2386 2158 754 15931

The questions asked in this context pertain to exercise where one changes into training
clothes. It then turns out that virtually everyone is classed as physically inactive, and approx-
imately 4,000 have never changed into training clothes, not even over a period of ten years.

Thoughts about changing lifestyles

Riksbankens Jubileumsfond (Jubilee Fund of the Swedish Central Bank) carried out a
conference 25 years ago with the title “Changing lifestyles”, which also became the title
of a book published after the conference (11). At this conference, a number of researchers
participated with various areas of interest, including antidotal smoking treatments, phys-
ical activity, diabetes follow-up, etc. The common message from these scientists was that
it is difficult to change behaviour, regardless of which behaviour is in question.

Behavioural change models
in the area of physical activity

A number of models have been used and are currently used to try to understand, explain
and change behaviour in various health-related areas (12). In the area of physical activity,
the following theories and models have been used or are used in research on behavioural
change: Classic learning theories, Health belief model, Transtheoretical model, Relapse
prevention, Social cognitive theory, Theory of planned behaviour, Social support and
Ecological perspective (7, 13). One example where various models are combined is the
Groningen Active Living Model (GALM), which focuses on the elderly (14). The most
common today are the Transtheoretical model and Social cognitive theory. It appears as if
theory-based behavioural interventions increase physical activity. For example, improve-
ments in physical activity can be seen in the state of ill-health, such as cardiovascular
disease, when behavioural change programmes have been used in treatment. Furthermore,
interventions that include lifestyle changes, or changes in multiple areas such as physical
activity and diet, appear to increase physical activity (15).
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Transtheoretical model

One of the most popular and most used models to describe and change behaviour is the
transtheoretical model. The transtheoretical model was developed, and refined, by the U.S.
researchers Prochaska, DiClemente and Norcros at the beginning of the 1980s. Work on
the model began with an analysis of theories that have been used for behavioural change
in psychotherapy. The objective of the analysis was to harmonize the various theories with
each other into a model. The transtheoretical model can therefore definitely be said to be
transtheoretical, since it harmonizes behavioural change principles and approaches for
change from a number of different intervention theories (5, 16).

After the work on harmonizing the various theories, it was investigated how often
various approaches were used by people in for instance antidotal smoking treatments.
Then it turned out that people use different approaches at different points in time in their
efforts to stop smoking. Consequently, behavioural change is considered to occur by
moving through different stages (5, 16).

Hence, the transtheoretical model had its origins in smoke cessation, but has also been
used in other health-related areas, such as alcohol abuse, obesity and physical inactivity (5,
16). Although the transtheoretical model id not directly developed for the area of physical
activity, its use appears to be promising in the area (17). The model’s use also appears to be
promising in work on physical activity in rehabilitation (18). A popular science and practi-
cally applicable example of the transtheoretical model tied to the area of physical activity
is J. Faskunger’s book Motivation for motion [Motivation for exercise] (6).

The transtheoretical model comprises several different components. One of the compo-
nents is called the stages of change and contains various stages based on people’s inclina-
tion for change, in other words where a person is in the behavioural change process. Another
component is called the processes of change' and includes various approaches through
which people move between various stages of change. The third component focuses on
why people change and consists of activity-specific self-efficacy and motivation balance
(5, 16). In working with behavioural change, it is important to use all of the components of
the model to achieve a successful result, meaning to change a behaviour (17).

1. Faskunger uses the term “process”, but the interpretation made here is that the English word
“process” rather entails a form of an approach.
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Stages of change

According to the transtheoretical model, behavioural change is seen as a process over time
and there are six stages of change: Precontemplation, contemplation, preparation, action,
maintenance and termination(5, 6, 16).

People who are not regularly physically active nor are interested in or intend to change
their inactive behaviour are in the precontemplation stage. One reason they are in the
precontemplation stage may be too little knowledge or information about the risks of being
physically inactive. Another reason may be that they have tried to change their behaviour a
number of times, but have failed and thereby lost faith in their ability to change. Regardless
of reason, people in the precontemplation (or denial) stage avoid reading about, talking
about and thinking about their risky inactive behaviour. They deny that physical inactivity
is a problem for them (5, 6, 16).

People who are not regularly physically active, but who intend to change their inac-
tive behaviour in the next six months are in the contemplation stage. They understand
that physical inactivity is a problem for them and honestly contemplate how to go about
becoming physically active. However, some people do not make it any farther, but rather
get stuck at the contemplation stage for a prolonged period. They become “chronic
contemplators”. People at this stage are not ready for traditional activity-oriented inter-
ventions where the participant is expected to become active immediately (5, 6, 16).

People who are not regularly physically active, but have plans of becoming physically
active in the near future, most often within one month, are in the preparation stage.
Usually, people in the preparation stage have tried some form of physical activity in the
past year and also have a concrete plan for implementation. For people in the preparation
stage, activity-oriented interventions are suitable since they are ready to become physi-
cally active (5, 6, 16).

People who are regularly physically active and have been so for six months are in the
action stage . Changes in the action stage are more visible to the surroundings than in the
other stages of change. It is therefore easy to believe that people in the action stage have
achieved a change in behaviour, but the action stage should only be considered a part of
the behavioural change process. Regular physically active behaviour requires time to be
established (5, 6, 16).

People who are regularly physically active and have been so for more than six months are
in the maintenance stage. As in the other stages, there are also challenges in the mainte-
nance stage. People in the maintenance stage should focus on the work of consolidating
and strengthening the gains of being physically active, based on lessons from the other
stages of change. They should also work on preventing relapse (5, 6, 16). People who
have fully assumed a behaviour are in the termination stage. The have full faith in their
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behaviour and that they will not return to their previous behaviour, regardless of the situ-
ation. Behaviour takes place out of habit and automatically (5, 6, 16). One example is
that one puts on the seat belt without thinking about it when getting into the car (19). The
termination stage has been debated. It may be so that the termination stage is too strict and
the realistic goal for areas such as physical activity is to be in a lifelong maintenance stage
(5, 16, 20). The termination stage could possibly be associated with the areas of everyday
exercise, such as always spontaneously choosing to take the stairs instead of the lift.

The behavioural change process should not be seen as a linear process, but rather as
spiral shaped. The shift between the stages can take place both forwards and backwards.
Relapses should be viewed as a natural part of the process. It is therefore important to work
with relapse prevention so that the relapses do not become more than sidesteps. People
often need to go through both success and setbacks to succeed in making a change (5, 16).

In working with behavioural change, it is important to know the stage of change that
people are in so that the efforts agree with people’s receptivity. If efforts and stages of
change do not agree, the number who drop out may increase. In the area of physical
activity, it can be easy to think about activity-oriented interventions as an opportunity
for behavioural change. However, succeeding with activity-oriented interventions presup-
pose that people are in the preparatory stage or further. However, this does not appear to be
the case. A majority appear instead to be in the earlier stages of change of the precontem-
plative and contemplative stages (5, 16, 21).

To obtain information about which stage of change people are in, the following state-
ments, presented in table 2, can be used (5).

Table 2. Statements that can be used to gather information about which stage of change a person is in.

Precon- Contemp- Preparation Action Maintenance
templation lation

1. | am regularly physically active No No No No Yes

and have been so for more than

six months.

2. | am regularly physically active No No No Yes

and have been so for six months.

3. | am not regularly physically No No Yes

active, but | have plans of becom-

ing physically active in the near

future; within one month.

4. | am not regularly physically No Yes

active, but | intend to change my
physically inactive behaviour in
the next six months.

Ifthe answer is no to all of the statements, the person is in the precontemplative stage. If the
answer is no to the first three statements and yes to the last, the person is in the contemplative
stage. If the answer is no to the first two statements and yes to the third, the person is in the
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preparatory stage. If the answer is no to the first statement and yes to the second, the person
is in the action stage. Lastly, if the answer is yes to the first statement, the person is in the
maintenance stage (5). A yes to the first statement could also mean that the person is in the
termination stage.

Processes of change

Activities or processes that people use in the respective stages of change to move to another
stage can provide guidelines for interventions, in other words they can be a good guide
for the person changing behaviour. There are ten processes that have proven to have the
strongest empirical support. The following five approaches can be viewed as experiential
or contemplative: consciousness raising, dramatic relief, environmental re-evaluation,
self re-evaluation and social liberation, and the following five can be viewed as behav-
iourally or activity oriented: counter-conditioning, helping relationships, reinforcement
management, self-liberation and stimulus control (5, 6, 16).

Consciousness raising involves seek new knowledge and information about physical
activity.

Dramatic relief involves negative feelings associated with physical inactivity, such
as breathlessness and excess weight. The negative feelings can decrease and can even
become positive when the physical activity increases in scope.

Environmental re-evaluation involves re-evaluating how physical activity and physical
inactivity affect one’s surroundings. This can include the person’s assessment of how a
physically inactive lifestyle affects family and friends.

Self re-evaluation involves intellectually and emotionally re-evaluating the value of phys-
ical activity to one personally; for example, physical activity makes me stronger and more
energetic.

Social liberation includes becoming aware, accepting and finding possible alternatives for
physical activity in society, including everyday exercise.

Counter-conditioning involves handling situations that entail everyday physical inactiv-
ity. One example is taking the stairs instead of the lift.

Helping relationships involve getting help from others to be able to increase the physi-
cally active behaviour.

Reinforcement management involves changing physically inactive behaviour by reward-
ing physically active behaviour.
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Self-liberation involves believing in, choosing and committing to greater physical activity,
in other words feeling that one will manage to be regularly physically active.

Stimulus control involves taking control over the situations and causes that lead to physi-
cal inactivity, such as avoiding situations involving a great deal of sitting still.

Different processes of change are used in the different stages of change. Based on the
empirical evidence, it is appropriate in the first stages of change to use cognitive, emo-
tional and self-evaluation approaches to move forward in the stages of change. In the later
stages, it appears as if people use more self-liberation, counter-conditioning, reinforce-
ment management, stimulus control and helping relationships to move to the maintenance
or termination stages. To succeed in a behavioural change, it is important to use the right
process of change at the right time, in other words at the right stage of change (5, 16).

The processes of change should not be confused with techniques for behavioural change.
The various processes can include many strategies or techniques to achieve change and these
can also vary between people (5). For example, techniques that are used in the reinforcement
management change process vary. One person rewards himself with some time in the sauna
at one of three completed physical activity session a week. Another rewards herself with
cinema tickets after a month of regular physical activity. The sauna and cinema tickets can be
said to constitute different techniques for the reinforcement management process.

Intervening processes

The processes of change that were touched upon above have ties to certain intervening
variables, including decisional balance and self-efficacy. The latter are the actual drive or
the engine that means that a shift from one stage of change to another takes place through
various processes of change. These intervening processes can be viewed as a type of
spiral that moves between a certain stage or certain process, and then on to the next stage
and (in part) other approaches and constantly drives the change forward, although with
some relapses at times. Decisional balance reflects a person’s inclination to change based
on personal advantages and disadvantages of the new behaviour. It appears as if it is more
important to work on increasing the advantages than on reducing the disadvantages (5, 16).

The concept of self-efficacy comes from social cognitive theory (22). To describe the
concept of self-efficacy in Swedish, situation or activity-specific self-confidence or self-
esteem is used, in other words faith in one’s own ability (6, 15). This is a type of self-
confidence that people have with regard to their personal capacity of being able to handle
various situations. Consequently, self-efficacy varies depending on the activity, situation
and requirements of skills in a specific area (5, 6, 22). For example, the same person can
have a strong faith in her ability to lead groups, but a weak faith in her ability to lose
weight. Another example is that the same person can have a strong faith in his ability to be
physically active when the sun is shining, but a weak faith in his ability to be physically
active when it is raining.
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People’s self-efficacy can be positively developed through the following four areas. The
first area concerns acquiring positive experiences. Succeeding leads to a stronger faith in
one’s own ability. The second area concerns being surrounded by positive role models.
Seeing other people overcome similar problems strengthens confidence in one’s own
ability. The third area concerns acquiring support from the surroundings. Positive and real-
istic feedback can strengthen self-efficacy. The fourth area concerns focusing on positive
emotional and physical states. In the area of physical activity, it is important to keep in
mind that the activity itself can generate negative feelings, such as fatigue, aches and pains.
Being able to handle these negative feelings requires a high level of self-efficacy (22). It has
been shown that self-efficacy plays a significant role in behavioural change in the area of
physical activity (15).

Establishing regular exercise habits
The study

A dissertation by Wester-Wedman (3, 4) presents the results of a project in which 44 phys-
ically inactive persons, equal numbers of men and women, were monitored for 24 months
in their attempts to become regular exercisers. The persons included in the study were
examined with the help of surveys, self-evaluations, interviews, journals and condition
measurements. The types of exercise studied were jogging or walking briskly. The partici-
pants were recruited through advertisements and were in the ages of 30—50 with varying
educational and professional backgrounds.

In the terminology of the transtheoretical model, these people were in the preparation
stage or maybe even in the contemplation stage. One year after the start of the study, a
follow-up telephone interview was conducted with the people who registered for, but were
not included in the experiment. There, it came forth that only a small number of the 115 (of
a total of 120) persons that could be reached had changed their exercise habits in a posi-
tive direction in the past year, in other words the project comprised a helping relationship,
which is one of the transtheoretical model’s processes of change.

Data was gathered every three months during the first 18 months and then after
24 months, which meant that the process in the changed exercise habits® could be studied
in a somewhat in-depth manner.

2. The term exercise/exercise habits refers to jogging or briskly walking the in the following.
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Obstacles and their change over time

From the analyses, it came forth that the prospective exercisers met with obstacles and
problems of various types in the first months. It was not just a question of putting on one’s
trainers and heading out for a jog or walk to suddenly discover that one was a regular exer-
ciser. Many decisions must be made and many practical details must be resolved. Where
should I jog? How far? What should I wear? Shoes? Do training clothes need to be washed
every time? Where are they stored in between exercise sessions? My hair gets sweaty!
What will the neighbours say? Other obstacles that are often mentioned were related to
certain practical arrangements having to be in place to be able to exercise, primarily the
creation of new routines and, for instance, arranging a baby-sitter. Disruptive traffic, bad
weather, bad road conditions, a fear of dogs, a fear of being molested, a fear of the dark, a
lack of motivation, a lack of time, injuries and illness were other obstacles that showed up
among the novice exercisers. To support and help the participants with the aforementioned
issues and questions, in the first three months they had access to coaches who were regular
exercisers themselves (3, 4).

Eventually, answers were found to the questions and solutions to the various practical
problems, such as a hook in the cellar where the training clothes can hang in between
exercise sessions. Of course, this phase takes varying amounts of time for the different
individuals, but after a few months most matters were resolved and it was relatively easy
to realise the exercise plans. However, it is important to remember that things happen in
people’s lives all the time that force planned exercise sessions to be cancelled and some-
times it can be a question of “beginning all over again”. This is nothing unique, but rather
happens to most people (3, 4).

Experiences and their change over time

From the very beginning, starting to exercise provides different experiences that change in
scope and content over time. At the beginning, there are quite a few negative experiences
connected with a lack of condition and muscle strength, as well as feelings of monotony
and boredom during the actual exercise. At the same time, there are also positive feelings
of liberation, harmony, relaxation, a wonderful environment and pleasure at “getting the
body moving”. After the exercise, there is a relatively brief positive feeling — “it is nice to
have done the exercise” (3, 4).

The change over time can be summarised by it initially being a matter of both posi-
tive and negative feelings in connection with the exercise, but once one is an accus-
tomed exerciser, there are almost only positive feelings and experiences left during the
exercise.
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Effects and their change over time

There is considerable agreement that exercise provides positive effects. From Wester-
Wedman’s study (3), it is clear that both the type of effect as well as its scope changes over
time. The effects that the exercisers talk about are categorised as mental or physical, in
both cases either short-term or long-term, and cognitive — a clear head, clears the mind —
and social — common interest, new subject of conversation.

With regard to the mental and physical effects, they change over time from being
highly short-term/specific to becoming increasingly long-term in both cases. In addition,
the balance between both types of effects changes over time so that the physical, which are
more prominent in the beginning, after a long time of regular exercise, also make way for
mental effects. Examples of short-term/specific physical effects include having the energy
to jog a longer distance and becoming less out-of-breath during the exercise, while long-
term effects can include better condition, weight loss or acquiring leg muscles. Short-term
mental effects can include feeling relaxed after jogging or being energised by the exer-
cise, while long-term effects can include feeling calmer, having better self-confidence, a
stronger psyche and becoming happier and more stable (3). The change in the effects over
time are illustrated in figure 1.

physical effects psycho-
physiological
effects

psychological effects

Effect occurrence

I I I I
3 6 9 12

time (months)

Figure 1. Development of physical and mental effects over time.
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Motivational change

As described above, there is a development and change in the obstacles, experiences and
effects as exercise continues. The novice exerciser has no experiences or perceptions to
rely on and in the beginning, “external” rewards are needed, such as encouraging shouts
from family and friends, weight loss or improvements in jogging time per kilometre (24).
In this phase, it is a matter of repeating the behaviour as often as possible with the help of
these rewards from without. In transtheoretical terms, one can talk about the processes of
helping relationships or reinforcement management. At this time, one has not yet become
aregular exercise in the sense that the habits have not been established.

Gradually as time goes by and the behaviour is repeated, the exerciser gains more and
more positive experiences and more perceived effects that gain a more long-term nature.
These experiences are incorporated in the motivations and gain increasing significance
as motives for continuation of the exercise, while the external motives decrease in impor-
tance. There is a change of the motives from “externally motivated” to “internally moti-
vated” behaviour. The motives have been internalised and the exercise habits are estab-
lished (3, 4). The individual has gone from the action stage via the maintenance stage and
in some cases to the termination stage.

The changes over time in experiences and effects of exercising described above can
be graphically illustrated with the help of a free interpretation of Solomon’s opponent-
process theory of acquired motivation (23).

Negative
feeling

Positive
feeling

I Time

Exercise Exercise
begins ends

Figure 2. Perceptions of physical activity at an initial phase.
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From figure 2, it can be seen that the perception of the actual exercise session in the initial
phase is overwhelmingly negative, while the immediate after-effect is positive and rela-
tively brief. The negative perceptions during the exercise session are primarily comprise
of physical feelings of discomfort — heavy legs, heavy breathing, as well as boredom and
monotony.

The positive after-effect that occurs immediately after the end of the exercise can be
seen as a contrast effect that most often means that “it is nice that it is over”.

Negative
feeling

Positive
feeling

I — Time

Exercise Exercise
begins ends

Figure 3. Perceptions of physical activity after having exercised for some time.

Figure 3, which describes the process in the experienced exerciser, shows that the
perception during the actual exercise is nearly neutral. The physical exertion that the
exercise nonetheless entails is perceived not at all as negatively, because condition and
muscle strength has improved, something that often makes space for positive feelings
during exercise.

The positive feeling after exercising is both stronger and more extensive in time in the
experienced exerciser. According to the exercisers themselves, the content of this feeling
is also qualitatively different than the novice exerciser’s immediate after-effect.

In summary, it can be confirmed that it takes time to go from being passive to being
regularly active, at least six months or more. This is very individual and depends on the
individual’s life situation otherwise, such as his/her age, gender, family and work situ-
ation. During this time, a great deal can happen — seasons change, a holiday can occur,
the weather can occasionally be poor and work and family may demand extra attention. In
addition to this, temporary illness or injury may also occur and there are also a great many
other things that one is to have time to do during one’s free time (3, 4).
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Women and men

In this chapter, the completely neutral term of “exerciser” was used without problemising
any differences between men and women. From Wester-Wedman’s study (3), it is clear
that men and women perceive different types of obstacles and their extent. Perceptions and
effects are also of different types and scopes and the time that it takes to go from being a
novice to a regular exerciser differs, due in part to the aforementioned factors. However,
the process progresses in the same manner with the same factors involved, although at a
different pace, for men and women. A follow-up study shows that many women prefer less
physically demanding types of exercise, such as walking instead of jogging, when they
themselves choose exercise activity (25).

The physical activity must be adapted
to the individual’s conditions

An important part of the many messages given in connection with performing regular phys-
ical activity is that the conditions vary between people. Age, gender and religion are some
conditions. Being a parent or not and having certain disabilities, etc. also belong to these.
Some of these conditions cannot be changed and affect the possibilities of performing
regular physical activity. Instead, the physical activity must be adapted to these conditions
and look differently for a single parent than for a person who lives under other conditions,
for example.

In addition to this, is the central aspect of achieving an impact towards becoming physi-
cally active. The transtheoretical model provides conditions for this to be able to occur (5).
According to this model, it is accepted that the change means moving from being entirely
uninterested in physical activity to being a regular exerciser. This move is about the same
for everyone, but the change can look differently for separate individuals. In principle,
this is a matter of going from a high level of external motivation to a high level of internal
motivation (3).

Consequently, it takes significantly more time to adapt mentally than to do so physi-
ologically. It is only when the two curves (see figure 1) meet that the exercise functions
on its own — meaning as a result of internal motivation. Change takes time (3, 5, 14).
Consequently, it must be a central component of the change process that it be allowed to
take time and that the external support remains for a considerable period of time, in one
way or other. Within healthcare, the local healthcare centres can, for example, be given a
special role in this respect.
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Introduction

Unfortunately, there is no simple medicine you can take to become more physically active.
You have to do the job yourself and as most well know, it is not always easy. One’s attitude
to becoming more physically active also varies over time. You can be determined and
make concrete plans just to feel your motivation disappear, your good plans seem unreal-
istic and your desire disappears.

Motivational interviewing (MI) is currently mainly used to help people change life-
styles and was originally developed in counselling work with people addicted to alcohol.
Motivational interviewing is used, for example, as a method in professional counselling
regarding the harmful use of alcohol, illegal drugs, tobacco use, harmful gambling, risky
sexual behaviour and to promote greater physical activity and good eating habits and to
combat obesity. This method fits in all contexts when it is desirable to stimulate another
person to change behaviour without inciting resistance, and is therefore very well suited
to discussions of physical activity in, for example, healthcare, preventative healthcare,
schools and the sports world.

Motivational interviewing can be used as an independent intervention to generate
interest and motivation, prepare and help a patient/client to commence with change.
Motivational interviewing can also be integrated into other treatment, which appears to
improve the result of the treatment in question.

This chapter includes a description of how motivational interviewing can be applied to
physical activity. To illustrate this, we can follow a motivational interview between Per,
who is a keep-fit coach, and Eva, an unmarried 35-year-old social worker, who has recur-
ring, diffuse back problems (lumbago).

In continuation, the abbreviation Ml is used for motivational interviewing as well as the
designations interviewer and client.
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Motivational interviewing

Motivational interviewing is a client-centric empathetic conversational method. This
means that the interviewer listens, tries to understand the client’s perspective and empha-
sizes that the client shall contemplate his/her values, find his/her own answers and him/
herself decide regarding change. At the same time, Ml is a guiding method in the way that
the interviewer chooses to investigate and focus on some of the topics the client presents,
but at the same time chooses to not follow-up other topics. The interviewer thereby
“guides” the client towards change.

Motivational interviewing requires good listening skills. The interviewer listens with
an accepting, non-moralising interest and tries to understand the client’s problems, rather
than convince or present his/her own solutions to them. This does not mean that the inter-
viewer does not provide information or practical advice, but it is formulated as suggestions
that the client can choose to accept or not: “Would it be OK if I say something about what
has helped other people in the same situation?”’

MI appears to have the greatest effect on the least motivated clients, both due to the
client-centred style and the manner of addressing resistance to change. This method is
not used to try to get a client to do something that he or she does not want to do, but rather
has the objective of stimulating the client to change his/her own conditions in a respectful
manner

Lifestyle change and change talk

In MI, the interviewer tries to bring out the client’s own desire for change and resources
to change, including cognitive and emotional resources and concrete actions. The inter-
viewer also strengthens the client’s confidence by showing faith in the client being able
to make a change, and emphasizing that change is the client’s own choice; the client is
responsible for his/her own life and knows best how the change shall be made.

We can recognise clients that work constructively with change in the way they speak.
They express motivation, have ideas about practical methods, believe in themselves, make
decisions and pledge to follow concrete plans. It is typical for MI that the interviewer tries
to bring out, specifically listen for and reinforce the client’s talk of change. Talk of change
comprises statements that indicate that the client is actively working on his or her own
change. When the client talks, he or she shapes and strengthens his/her own values, and the
interviewer tries to actively stimulate this.

Change talk can be divided into two main categories: preparatory change talk and
commitment to a concrete plan. Preparatory change talk lays the foundation and leads to
commitments/decisions, and research indicates that making a decision or commitment is
associated with lifestyle change. This can be illustrated in the following manner:

Ml preparatory change talk commitment/decision lifestyle change



5. MOTIVATIONAL INTERVIEWING ABOUT PHYSICAL ACTIVITY 85

Preparatory change talk can also be divided into two main categories: motivational state-
ments and statements of faith in one’s own ability to be able to make the change.

Examples of motivational statements:

» Desire for change: “I want to get into better shape. I actually like to exercise. I would
like to change this.”

» Concrete reasons for change: “I am tired of having a wardrobe with clothes sized XXL.
I feel tired, am in poor condition, am not at all in shape.”

* Necessity: “I just have to begin to exercise. Things will go bad otherwise.”

Examples of statements of faith in one’s own ability to be able to make the change:
* “I have managed harder things in life. It will go well if I take one step at a time and
watch out for the inner-saboteur — the thoughts that can ruin things for me.”

Examples of statements of commitment/decisions:
* “Thave thought this through and have made a decision. This is actually one of the most
important things in my life right now. I plan on already getting started tonight.”

In MI, the interviewer needs to be able to identify change talk, because it is what the inter-
viewer tries to listen for, evoke and reinforce. Active listening in the form of open ques-
tions and reflection is used to evoke, keep focus on, add nuance to and reinforce change
talk. Summaries are used to gather together the change talk expressed by the client.

Opening of the interview

As a rule, a motivational interview begins with the interviewer investigating the back-
ground of the contact. The client needs to feel safe and a climate of cooperation must be
established. If the client has been pressured by someone else to come to counselling, it
is important that the interviewer express understanding for it not always being so easy to
come to counselling under such conditions, but that the counselling would still hopefully be
able to benefit the client.

Sometimes, one must sef an agenda for the conversation, if there are several topics that
the client has difficulties with and wants to talk about. If so, it is wise to begin by investi-
gating what the client is most concerned with and is motivated to talk about. If the topic is
a given, one can begin by asking the client to tell about the problem.

Per: “First, I want to ask you to tell me about your back, how your back problems affect
your life and what you have done to address the situation. And then I would like to hear a
little about how you view exercising, the good and the bad. Is that OK?”
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Active listening

The basic skill in MI is known as active listening, which contributes to a good climate of
cooperation. Through active listening, the interviewer can gain an understanding of the
client’s view of his/her situation and thoughts of problems and solutions, at the same time
that the client understands him/herself better. Besides listening, the interviewer uses open
questions, reflection and summaries to actively show his/her understanding of the client’s
perceptions. Affirming the client and his or her efforts is also fundamental.

A. Open questions

An open question begins with a question word such as “When?”, “Where?”, “How?” or
“What?”. These are questions that grammatically cannot be answered with a “yes” or
“no”, but evoke the client to explain, to talk. The question “Why” should be used with
caution, because it is so charged that it can easily make people feel accused. Of course, this
is particularly true if asking about why the client does something that seems foolish.

A few examples of relevant open questions:

“Can you tell/say a little about...?”

“How did you come to think that it might be necessary to change this?”

“How does your back pain affect your everyday?”

“What could you do if your back were better?”

“What have you tried before to make your back better?”’

“What experiences have you had in terms of exercise, for good and bad?”

“What are your thoughts with regard to becoming more physically active if you think
about the future?”

“What can be the next step towards change?”

Per: “Tell me about your back problems and how they affect your everyday?”

Eva responds: “Well, it goes a bit up and down. Sometimes, my back is good, but other
times ... well, it’s mostly just a painful struggle. When it’s really bad, I can’t handle lying
down or sitting. I can barely go to work. Sometimes, I almost can’t manage to put on pants
and socks. The pain is so great that I don’t have the strength to be active. It also affects my
sleep. Everything is so tough, stressing and burdensome. It’s always hectic at work and my
job is to support people who have an even more difficult time in life than I do. It’s tough
enough as it is, but when I’'m in pain myself, well ... sometimes I call in sick. In addition to
this, I don’t have the strength to be social. I just feel annoyed and can’t bother caring about
others.”

Notice Eva’s change talk in the form of motivational statements about the negative conse-
quences of her back pain. Also notice that she has no change talk that concerns the desire
to change or it being necessary to change. Nor does she express any faith in her ability to
be able to make a change or says anything about commitments or decisions.
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B. Reflection

Reflecting means re-stating, being a mirror for the client. Interviewers who have reflec-
tions as a natural part of their communication style are perceived as empathetic. One can
reflect by re-stating a sentence, part of a sentence or just a word. It is important to empha-
size that a reflection is not a question.

The interviewer can reflect back without changing anything particular in what the client
has said:

» ”Parrot”: ”It’s always hectic at work™, ”Hard to get dressed”.

*  Synonym: ”Your back pain varies”, ”You have a hard time handling everyday things”.

The interviewer can also choose to reflect an underlying statement or emotion:
* Underlying sentence: “Having back pain ruins a lot for you”.
* Underlying sentence: ”You’re frustrated”, ”You feel dejected”.

The interviewer selects reflection to guide the conversation so that it focuses on the right
topic. The interviewer can thereby choose one topic over another. If Per reflects “tough and
burdensome”, Eva will probably continue talking about what it is like to be worn out and
to lack energy. If Per reflects “it goes a bit up and down”, the conversation will probably
continue on this topic and if Per reflects “always hectic at work™, Eva continues to talk about
how things are at work.

Per: “When your back hurts, your day is different.” (Reflection)

Eva: “Yeah, everything is so much harder and more strenuous. It’s a lot about the pain,
how I can get through the day. And that’s what it’s like until my back gets better.”

Per: “Everything is just one big struggle while it’s going on, and then it gradually passes.
How has it been to try physical activity to make your back better?” (Reflection and open
question)

Eva: “When I’'m in pain, I don’t have the strength to do much. When my back is better, I
don’t exercise much anyway. I try to get motivated, but don’t get very far. Now and then, |
pull myself together and keep at it a while. I know I should exercise more.”

Notice Eva’s change talk. There are examples of motivational statements, “harder and
more strenuous”, intent to change, “I should exercise more,” decisions for short periods,
“Pull myself together”. “Keep at it a while” also says something about her having concrete
ways of being physically active.

C. Summaries

Summaries and reflections are actually two sides of the same thing. The difference lies
in how much is included. In a reflection, one gives back one or two elements of what
the client has said. A summary includes multiple elements. Summaries work like small
résumés and contribute to these parts of the conversation being remembered and also
potentially reinforced. An underlying message in summaries is empathy: “I hear what you
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are saying, I am trying to understand and remember it because what you say is important
and I want to check whether I have understood you correctly.”

MI functions simply in theory, but is more difficult in practice. Even if one is accustomed
to communicating and listening, the systematic and goal-oriented active use of active
listening demands quite a bit of practice before becoming an automatic skill. What proves
to be most difficult is to learn to make reflections in a systematic, yet natural manner. At
the same time, reflections are the most fundamental element of MI. In contrast to open
questions and reflection, summaries do not occur as often in daily speech, but are rather
more reserved for professional communication.

Per: “Can I make a little summary and see if I have understood you correctly?” (Ask for
permission)

Eva: “Yes.”

Per: “Your back problems come and go. Sometimes, your back is good and sometimes bad.
When your back is bad, you are plagued by pain and sometimes it’s just a matter of getting
through the day. It affects your mood, energy and what you get done both privately and
at work. You succeed in exercising for short periods, but it doesn’t sound as if you are
completely satisfied with your own effort.” (Summary)

Eva: “Yes, that’s right.”

Per: “You mentioned that you should exercise more. How do you view physical activity
for preventing and alleviating your back pain?”’ (Open question)

Eva: “I know I should exercise, but it’s also a struggle.”

Per: “What have you tried that has helped?”” (Open question)

Eva: “Going to the gym and doing exercises is nothing for me. Taking walks works best.
The problem is getting it in as a part of my daily routine. It takes time to go for walks.
Work takes so much time and is so stressful.”

Per: “Work takes a great deal of time and is stressful and, so far, it’s been hard to make
exercise a part of your daily activities, at the same time that you know that it helps. Taking
walks works best, in your experience.” (Summary)

Scale questions to evoke change talk

We will look more closely at two so-called scale questions that can be used to evoke
change talk about motivation in the form of the importance of change and a belief in the
ability to succeed.

Scale questions about weight

Per: “Is it OK if I ask a few questions about how you view physical activity?” (Ask for
permission)

Eva: “Yes.”

Per: “Think of a scale from 0 to 10, where 0 means that it’s not important at all and
10 means that it’s very important. How would you rate your view of physical activ