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ABSTRACT
The prevalence and incidence of non-communicable diseases, which have been
associated with physical inactivity, are increasing worldwide. Thus, there is a great
need for understanding possibilities to increase health enhancing physical activity.
The main aims of this study were to investigate 1) the effects of a 13-day in-patient
rehabilitation intervention and a 12-week exercise intervention on the intensity
and volume of daily total physical activity and on its subcategories 2) the effect of
exercise intervention on risk factors for type 2 diabetes, and 3) the effect of nonstructured leisure-time physical activity (LTPA) on response to exercise training.
The study consists of two separate study cohorts. The first data set included
subjects (n = 19, 16 women and 3 men) with chronic neck or shoulder pain and
who participated in active rehabilitation interventions. The second data set
included 144 overweight or obese middle aged men with impaired glucose
regulation who were randomly allocated into a non-exercise control (C) group, a
Nordic walking (NW) group, and a power type resistance training (RT) group.
During the 12-week intervention, the exercise groups performed structured
supervised exercises three times a week for 60 minutes. In both datasets intensity
and volume of physical activity was measured in metabolic equivalents of tasks
(MET) and MET-hours before and during the interventions with combinations of
objective measurement, diaries, and questionnaires. In the second dataset changes
in glucose, lipid, and liver enzymes metabolism, adipocytokines, body
composition, blood pressure, physical capacity, and dietary intake were measured
with standard methods. The measurements were performed before and after the
intervention.
No increase in the volume of total physical activity was observed with either
intervention. Both the rehabilitation and NW intervention increased the volume of
leisure-time physical activity (LTPA). The weekly increase in the volume of total
LTPA (structured exercises + non-structured LTPA) was associated with a
decrease in the volume of non-LTPA (other than structured exercise or nonstructured exercise). Compared to the control group, especially NW had beneficial
effects on the body adiposity tissue and the adipocytokines (leptin and chemerin)
associated with the regulation of lipid and glucose metabolism. The intensity of
non-structured LTPA during the exercise intervention was found to independently
explain 10%, 9%, and 7% of the variation of change in walking speed, body weight,
and BMI, respectively. This effect was observed especially after the intensity
threshold of 6.3 MET (77% of maximal physical capacity).
Thus, interventions aimed to increase physical activity do not automatically
increase the volume of total physical activity due to the compensation. They can,
however, increase the volume of LTPA, which can subsequently have beneficial
health effect on risk factors of type 2 diabetes. Better understanding of the
physical activity regulation in response to training can also increase the specificity
of the physical activity dosage.
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TIIVISTELMÄ
Fyysiseen inaktiivisuuteen yhdistettyjen elämäntapasairauksien esiintyvyys
lisääntyy maailmanlaajuisesti. Tällä hetkellä onkin tarve löytää keinoja, joilla
voidaan tehokkaasti lisätä terveyttä edistävää fyysistä aktiivisuutta. Tutkimuksen
päätarkoituksena oli selvittää 1) 13 vuorokauden laitoskuntoutusintervention ja 12
viikon ohjatun harjoitteluintervention vaikutusta fyysiseen kokonaisaktiivisuuteen
ja sen alakategorioihin, 2) harjoitteluintervention vaikutusta tyypin 2 diabeteksen
riskitekijöihin
ja
3)
ei-ohjatun
vapaa-ajan
liikunnan
vaikutusta
harjoitteluintervention vasteeseen.
Tutkimus koostuu kahdesta erillisestä aineistosta. Ensimmäinen aineisto
koostuu kahden aktiivisen kuntoutusintervention osallistujista (n = 19, 16 naista ja
3 miestä), jotka kärsivät kroonisesta niska- tai hartiakivusta. Toisessa aineistossa
144 ylipainoista tai lihavaa keski-ikäistä miestä, joilla on häiriintynyt
glukoosiaineenvaihdunnansäätely, satunnaistettiin kontrolliryhmään ja kahteen
ohjattuun
harjoitusryhmään
(sauvakävely
tai
nopeusvoimatyyppinen
kuntosaliharjoittelu). Harjoitusryhmät harjoittelivat 12 viikkoa 3 kertaa viikossa
60 minuuttia. Fyysisen aktiivisuuden intensiteetti ja volyymi mitattiin
lepoaineenvaihdunnan kerrannaisina (MET) ja MET-tunteina ennen interventiota
ja intervention aikana objektiivisten mittausten, päiväkirjojen ja kyselyiden
yhdistelmällä. Tyypin 2 diabeteksen riskitekijät, glukoosi- ja rasvaaineenvaihdunnan ja maksan entsyymien aineenvaihdunnan indikaattorit,
adiposytokiinit, kehon koostumus, verenpaine, fyysinen suorituskyky ja
ravitsemus mitattiin standardimenetelmillä ennen ja jälkeen intervention.
Fyysisen kokonaisaktiivisuuden (24 tuntia vuorokaudessa) volyymi ei
lisääntynyt kuntoutus- tai harjoitteluintervention seurauksena. Sekä kuntoutusettä sauvakävelyinterventio lisäsivät vapaa-ajan liikunnan volyymia. Mitä
enemmän sauva- ja kuntosaliryhmien viikoittainen vapaa-ajan kokonaisliikunnan
(ohjattu harjoittelu + ei-ohjattu vapaa-ajan liikunta) volyymi lisääntyi, sitä
enemmän ei-vapaa-ajan liikunnan volyymi väheni. Verrattuna kontrolliryhmään
etenkin sauvakävelyllä oli terveydelle edullisia vaikutuksia kehon rasvakudokseen
sekä rasva- ja glukoosiaineenvahdunnan säätelyyn vaikuttaviin adiposytokiineihin
(chemeriini ja leptiini). Lisäksi ei-ohjatun vapaa-ajan liikunnan intensiteetti selitti
itsenäisesti 10 % kävelynopeuden, 9 % kehon painon ja 7 % kehon painoindeksin
muutoksen vaihtelusta. Tämä vaikutus oli nähtävissä erityisesti 6.3 MET (77%
maksimaalisesta fyysisestä suorituskyvystä) raja-arvon jälkeen.
Fyysisen aktiivisuuden lisäämiseen tähtäävät interventiot eivät automaattisesti
lisää fyysisen kokonaisaktiivisuuden volyymia kompensaatiosta johtuen. Ne
näyttäisivät kuitenkin lisäävän vapaa-ajan liikunnan volyymia, jolla saattaa olla
tyypin 2 diabeteksen riskitekijöihin edullisia terveysvaikutuksia. Nykyistä parempi
tietoisuus fyysisen aktiivisuuden säätelymekanismeista interventioiden aikana voi
mahdollistaa nykyistä tarkemman terveyttä edistävän fyysisen aktiivisuuden
annostelun.
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1

INTRODUCTION

Physical activity has played a crucial part in the survival of human beings since the
emergence of our ancient ancestors. The ability to move bipedally enabled an
energy efficient way to hunt and gather food from large areas to satisfy the energy
demands of our exceptional brains (Cordain et al., 1998; Leonard, 2010).
Development of brains and liberation of hands due to bipedal gait enabled
manufacturing and handling of tools for more efficient food scavenging (Bellisari,
2008). The human endeavors to reduce physical work requirements in order to
retrieve food from the environment together with the mechanization and
automatization of physical tasks have most likely resulted in a decreased demand
of physical effort for subsistence (Katzmarzyk and Mason, 2009).
A possible downside of mechanization has been an increased amount of
sedentary behavior and physical inactivity, which have been linked to the
epidemical increase in obesity and non-communicable diseases (NCDs). World
Health Organization (WHO) (2009) has stated that physical inactivity is the
fourth largest risk factor for mortality in the world. At least in some populations,
decreased physical demands of occupational and household tasks due to the
technological advances have increased the importance of recreational activity for
maintenance of health, physical capacity, and functioning ability. Meanwhile,
some continue to experience high physical demands during work (Karlqvist et al.,
2003). The differences in daily physical activity profiles, in respect to intensity and
volume, could modulate the individuals’ responsiveness to exercise programs that
are aimed for health effects.
Current estimates indicate that approximately one half of Finnish working age
population is sufficiently active during their leisure-time, and that the
participation to recreational exercise has steadily increased in the past 30 years
(Helakorpi et al., 2012; Borodulin and Jousilahti, 2012). In spite of increase in
leisure-time physical activities, occupational and commuting physical activity has
steadily decreased (Borodulin and Jousilahti, 2012). Unfortunately, these
estimates have not taken into account the intensity or volume of physical activity.
However, simultaneously with these changes in physical activity behavior
(participation) the proportion of overweight, obese, or type 2 diabetic individuals
has increased (Koski, 2011; Männistö et al., 2012; Helakorpi et al., 2012).
In Finland, 66% of men and 46% of women are at least overweight and 20% of
men and 19% of women are obese (Männistö et al., 2012). In addition,
approximately 500 000 Finns suffer from diagnosed or undiagnosed type 2
diabetes (Reunanen, 2006; Koski, 2011) and 42% of Finnish men and 33% of
Finnish women have some type of impairment in their glucose regulation
(Peltonen et al., 2006). Globally, the incidence of diabetes has doubled in the past
30 years and the number of people with diabetes is expected to increase by 50% in
the next 20 years (Danaei et al., 2011; Whiting et al., 2011). Due to the increasing
prevalence of type 2 diabetes and its costly co-morbidities, the prevention of type

!

9!

!
2 diabetes has become one of the leading health challenges of the 21st century.
Lifestyle interventions, aimed at weight loss, increased physical activity, and
improved diet, still remain the first line of defense against the development of type
2 diabetes (Eriksson, 1991; Pan et al., 1997; Tuomilehto et al., 2001; Knowler et al.,
2002).
A substantial body of evidence supports the beneficial effects of physical
exercise on health and prevention of diseases. The common finding in different
types of exercise intervention studies is, however, a large inter-individual variation
in response to training. There are a myriad of factors that can modulate individual
responsiveness to exercise, of which alterations in non-exercise physical activity
could have the most direct effect (King et al., 2007). Although the importance of
exercise for health has been highly emphasized, only a few studies have
investigated the effects of exercise on intensity and volume of daily physical
activity. Typically, exercises account for only 3–5% of total weekly hours and sleep
approximately 30%. Thus, 65% or our time would be available for other nonexercise physical activities. Compared to exercise, the remaining 65% of time
embodies a substantially larger pool of physical activity that can affect the
individual response to exercise. Recently, the importance of lower intensity nonexercise physical activity for health has been emphasized (Hamilton et al., 2007;
Katzmarzyk, 2010). Thus, compensatory decrease or additional activation in
intensity and volume of lower intensity physical activity during an exercise
intervention can have substantial effects on individual responsiveness to training
(Hautala et al., 2012). For proper promotion of health enhancing physical activity,
it would be necessary to understand thoroughly how exercise intervention
modifies the dose of daily total physical activity and its subcategories. Previous
studies, which have focused on this question, have studied solely the volume of
total physical activity (Goran and Poehlman, 1992; Hollowell et al., 2009; Colley et
al., 2010; Turner et al., 2010), while the effect of exercise on intensity of total
physical activity in different subcategories has remained undetermined.
Physical inactivity being the fourth largest risk factor for mortality in the world,
and its association with several NCDs, means that there is a global urgency to find
ways to activate people and increase their physical activity level (World Health
Organization, 2009). Thus, the primary aims of this study were to investigate how
different types of interventions modulate the intensity and volume of daily total
physical activity and its subcategories and the response to risk factors of type 2
diabetes.
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2

REVIEW OF THE LITERATURE

2.1 PHYSICAL ACTIVITY
2.1.1 DEFINITION AND CATEGORIZATION
Physical activity has been defined as any bodily movement induced by the
contraction of the skeletal muscle that increases energy expenditure (Malkia,
1983; Caspersen et al., 1985; Howley, 2001). Of the total daily energy expenditure
15–50% is accounted for by the energy cost of physical activities (Horton and
Danforth, 1982; Ravussin et al., 1986; Dauncey, 1990; Livingstone et al., 1991;
Lamonte and Ainsworth, 2001) or movement (Pettee Gabriel et al., 2012). The
remaining 50–85% is accounted for by resting metabolic rate (60–75%) and
thermic effect of food also called the diet induced thermogenesis (10%) (Horton
and Danforth, 1982). Resting metabolic rate corresponds to cellular functions that
maintain body homeostasis. Thermic effect of food indicates the energy
expenditure that exceeds resting metabolic rate after feeding as the result of
digestion, absorption, transport, metabolism, and storage of ingested food
(Horton and Danforth, 1982).
Human movements can be volitional, non-volitional, or spontaneous and they
are accumulated throughout the day (Tremblay et al., 2007). Daily movements can
be categorized into different subcategories according to the purpose of the
movement or the location or surroundings in which the movements are executed
(Caspersen et al., 1985). Roughly, physical activity related energy expenditure can
be divided into an exercise-related thermogenesis and a non-exercise activity
thermogenesis (NEAT) (Levine et al., 1999; Levine, 2003). NEAT includes all
waking hour daily physical activities that are not exercise, e.g. occupational,
leisure-time, and fidgeting. Thus, NEAT can be calculated by subtracting the basal
metabolic rate, thermic effect of food, and exercise energy expenditure from total
energy expenditure. NEAT includes the majority of physical activity energy
expenditure. Currently, the major subcategories of physical activity include
occupational physical activity (OPA), commuting physical activity (CPA), leisuretime physical activity (LTPA), miscellaneous home physical activities (MHPA),
and sleep (Caspersen et al., 1985; Howley, 2001; Pettee Gabriel et al., 2012). The
subcategories of physical activity can also be combined into larger categories for
specific purpose (Figure 1).
OPA includes activities that are executed during the performance of a job
(Caspersen et al., 1985; Howley, 2001). Alternatively, OPA subcategory can be
defined as activities that have to be performed to ensure the economic survival of
the individual and the community (FAO/WHO/UNU, 1985). For individuals that
are not part of the working force, OPA subcategory can be broadened to include
physical activities performed during the day-time, e.g. activities that are executed
during school hours among students (Pettee Gabriel et al., 2012). Even today, OPA
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Total Physical activity
Non-exercise activity thermogenesis (NEAT)
Activity time physical activity (ATPA)
Total LTPA
Exercise

Non-leisure-time physical activity (NLTPA)
LTPA

OPA

CPA

MHPA

SLEEP

TIME (1440 min = 168 h = 1 week)

Figure 1. The different subcategories of physical activity. LTPA, leisure-time physical activity; CPA,
commuting physical activity; OPA, occupational physical activity; MHPA, miscellaneous
home physical activity.

embodies a major portion of daily human energy expenditure due to the long
duration (Tremblay et al., 2007). In addition, the possibilities to regulate OPA
according to the individual needs and desires are often limited.
According to Howley (2001), LTPA includes activities that substantially
increase energy expenditure, such as gardening or physical exercise. Exercise is a
subcategory of LTPA, and it can be defined as purposeful bodily movements that
are aimed to improve or maintain muscular fitness, flexibility, balance, or body
composition (Caspersen et al., 1985; Pettee Gabriel et al., 2012). LTPA can also
include the MHPA subcategory (Caspersen et al., 1985), although according to the
current framework of physical activity MHPA is separated as an individual
subcategory of physical activity (Pettee Gabriel et al., 2012). Movements that are
categorized in MHPA are domestic, household, and self-care types of activities
(Pettee Gabriel et al., 2012). Movements related to transfer from one place to
another are included in CPA subcategory (Caspersen et al., 1985; Pettee Gabriel et
al., 2012). Finally, sleep, although it includes relatively minimal movements, is an
important regulator of time available for physical activity (Tremblay et al., 2007).
In addition, sleep deprivation or disturbance may induce fatigue, which can
decrease daytime physical activity (Gupta et al., 2002; Taheri, 2006; Tremblay et
al., 2007; Zimberg et al., 2012).

2.1.2 DETERMINANTS OF PHYSICAL ACTIVITY
The physiological responses to physical activity are dependent on the dose
determinants of physical activity (type or mode, frequency, duration, intensity)
(Howley, 2001). Type of physical activity, such as walking, cycling, and lifting,
characterizes the functional entities of single movements of individual body
segments. These single movements alter the function of different bodily systems,
including muscle, cardiovascular, respiratory, and nervous system. The activated
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PHYSICAL ACTIVITY
Type or mode of physical activity (whole body level)
Single movement 1

Speed of the movement

+

Single movement 2

Resistance to the movement

+

Single movement 3 (1,2,3…n)

Duration of the movement

Absolute power (intensity)
Relative power
(intensity)
Gross

Net

Physical
capacity

Volume

Body mass

Energy expenditure

Frequency

Figure 2. Physiological determinants of physical activity.

bodily systems and the ways they are functioning depend on the movements’
characteristics (speed, duration and resistance). These characteristics, in relation
to the individual’s physical capacity, ultimately define the physiological or
molecular effects of that specific movement (Figure 2) (Edington and Edgerton,
1976; Knuttgen, 2007; Hawley, 2009). Thus, the type of activity is a surrogate
measure of the sum of individual movements and their effect on the body.
The number of times an activity, with certain type or intensity, is performed
within a timeframe indicates the frequency of the physical activity, whereas
duration of the physical activity indicates the number of minutes or hours that an
activity is continuously performed (Howley, 2001). The determination of physical
activity level based on the measures of type, frequency, and duration has been
widely used, although it may be less accurate than methods based on the human
energetics (Mudd et al., 2008).
In physics, energy [E] refers to the capacity to do work [W]. This energy
capacity is consumed in proportion to the work performed, which is the product
of force [F] and travelled distance or displacement [s] ([W] = [F]·[s]). Both the
energy and work can be expressed in the unit of joule [J] (Bureau international
des poids et mesures, 2006). In human beings, energy is equivalent to the
carbohydrate, protein and fat reserves of the body, which can be oxidized by
cellular pathways to endorse bodily functions (Nelson and Cox, 2008). The
oxidation produces approximately 9 kcal/g for fat, 4 kcal/g for carbohydrates and
proteins, and 7 kcal/g for alcohol (Rubner, 1885; Atwater and Woods, 1896). Thus,
in a man weighing 70 kg the energy capacity of these reserves would be equal to
approximately 165 000 kcal, although the inter-individual variations are large
(Horton and Danforth, 1982; Nelson and Cox, 2008). These bodily stores of
potential or free chemical energy dictate the human capacity to perform work. By
oxidizing macronutrients human cells liberate kinetic energy, of which
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approximately 0–25% can be harnessed into mechanical work by the contractile
element of the cells, mainly actin and myosin filaments of muscle fibers, and other
cellular processes (e.g. the function of calsium pump). Remaining kinetic energy is
dissipated as unusable heat (International Organization For Standardization,
2004; McArdle et al., 2007).
The rate of conversion of chemical potential energy into kinetic mechanical and
thermal energy is equivalent to power [P], which is a quantity that dictates the
work performed in a unit of time [t]. The unit of power is watt (W), which is
defined by joules (J) generated per second (s) (W = J/s-1) (Bureau international
des poids et mesures, 2006). In physical activity research, the power is often
replaced with the term metabolic rate or intensity (Howley, 2001; International
Organization For Standardization, 2004), whereas in work physiology studies,
physical stress or workload has been used. Absolute intensity of physical activity
can be expressed with heat loss from body surface (W·m-2) (Rubner, 1883), oxygen
consumption (VO2, l·min-1 or ml·kg-1·min-1) (Lavoisier and Laplace, 1780; Rubner,
1894; Atwater and Rosa, 1899a; Atwater and Rosa, 1899b; Atwater and Benedict,
1905; Benedict and Carpenter, 1910), kilojoules (kJ·min-1 or kJ·kg-1·h-1),
kilocalories (kcal·min-1 or kcal·kg-1·h-1), heart rate (beats per minute, BPM)
(Benedict and Carpenter, 1910; Boothby, 1915; Lindhard, 1915), or as a ratio
between the energy expenditure and basal or resting metabolic rate (Smith, 1861).
Several different ratio figures have been applied to express the intensity of
physical activity in the past 150 years (Smith, 1861; Lagrange, 1890; Dill, 1936).
One of these ratios is the physical activity level (PAL), also referred to as physical
activity index (PAI), which is determined by dividing total daily 24-hour energy
expenditure with basal metabolic rate (FAO/WHO/UNU, 1985; Shetty et al., 1996;
FAO/WHO/UNU, 2001; Dietary reference intakes, 2005). The other ratio, and
more often used in physical activity research, is the metabolic equivalent of task
(MET), also referred to as physical activity rate (PAR) (FAO/WHO/UNU, 1985;
FAO/WHO/UNU, 2001), which is the ratio between the energy expenditure of a
task and basal or resting metabolic rate (Gagge et al., 1941; Balke, 1960). One MET
corresponds to the sitting metabolic rate of a 40 year old man with a body weight
of 70 kg and a surface area of 1.8 m2, thus 1 MET equals approximately 50 kcal·h1·m-2 (Gagge et al., 1941), 58.2 W·m-2 (American society of heating, refrigerating
and air-conditioning engineers (ASHRAE), 2010), 3.5 ml O2·kg-1·min-1, 1 kcal·kg1·h-1, or 4.184 kJ·kg-1·min-1 (Balke, 1960; Jette et al., 1990; Ainsworth et al., 1993;
Ainsworth et al., 2000b; Howley, 2001). For example, walking on level surface 4
km/h consumes approximately 10.2 ml O2·kg-1·min-1 giving a MET-value of 2.9
MET (10.2 ml O2·kg-1·min-1 / 3.5 ml O2·kg-1·min-1 = 2.9 MET). Studies have
reported that the conventional definition of 1 MET as 3.5 ml of O2·kg-1·min-1 may
overestimate the individual energy expenditure (kcal) especially among obese and
elderly subjects (Kwan et al., 2004; Byrne et al., 2005; Kozey et al., 2010). To
increase the accuracy of MET based estimates of individual energy expenditure,
the conventional 3.5 ml O2·kg-1·min-1 can be corrected with measured or estimated
resting metabolic rate (Byrne et al., 2005; Kozey et al., 2010). It has, however,
been suggested that standard MET-values should be used instead of corrected
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MET-values when describing the physical activity of the population or comparing
groups of subjects (Ainsworth et al., 2011). In addition, Howley (2011) has argued
that the term MET should be only used when the fixed 3.5 ml of O2·kg-1·min-1 is
used as denominator; otherwise, the calculated ratio figure is not a MET-value.
Currently, MET has been widely applied in physical activity research,
guidelines (Haskell et al., 2007; U.S. Departments of Health and Human Services,
2008; Garber et al., 2011) , and in the standard of metabolic rate measurement
(American society of heating, refrigerating and air-conditioning engineers
(ASHRAE), 2010). By employing MET-values, the volume or energy expenditure
of physical activity is determined with MET-minutes (METmin) or MET-hours
(METh), which are products of MET x duration (minutes or hours) x frequency of
the activity (Howley, 2001). The calculation of METh was introduced by Buskirk et
al. (1971), although they used the term activity metabolic index (AMI) instead of
METh. Daily METh has also been referred to as physical activity index (PAI) in
previous research (Kannel and Sorlie, 1979).
Intensity of physical activity can also be expressed relative to the maximal
physical capacity of an individual as relative intensity (Lange Andersen et al.,
1978; Howley, 2001). In work physiological studies, the term physical strain or
relative aerobic strain (RAS) has been used (Åstrand, 1967; Ilmarinen, 1992).
Maximal physical capacity indicates the upper limit of aerobic power and it can be
determined with maximal oxygen uptake (VO2max). The relative intensity can be
expressed either in gross or net values. Gross values include the resting metabolic
rate and it can be calculated with the equation ((absolute intensity of physical
activity / VO2max) · 100). Net relative intensity can be calculated with the same
equation after the subtraction of the resting metabolic rate (((absolute intensity of
physical activity – resting metabolic rate) / (VO2max – resting metabolic rate)) ·
100) (Howley, 2001). The VO2max that is applied for calculation of relative
intensity should be based on the VO2max of the musculature that is active during
the particular movement. It has been shown that higher active muscle mass will
result in higher VO2max (Shephard et al., 1988). Consistently, previous studies have
reported higher VO2max values with cycling ergometer compared to the arm-crank
ergometer (Åstrand and Saltin, 1961; Owens et al., 1988; Shephard et al., 1988;
Louhevaara et al., 1990).
Intensity of physical activity can also be expressed as a rating of perceived
exertion (RPE), in which an individual subjectively evaluate the intensity of the
activity based on a given scale (Borg, 1982; Borg, 1998). Borg (1982) has suggested
that RPE indicates a subjective intensity as a summary figure, which is integrated
from the signals received from different bodily function, systems, and organs.
Thus, RPE has specific psychophysical properties that can complement the more
objective methods, such as heart rate measurement (Borg, 1982).

2.1.3 MEASUREMENT METHODS
The discovery of the vital role of atmospheric air for combustion and life (Mayow,
1907, original 1674), carbon dioxide (Ramsay, 1918), oxygen (Priestley, 1775;
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Priestley, 1776; Priestley, 1977), and latent heat (Ramsay, 1918) enabled and
initiated the modern measurement of human metabolism and energy expenditure.
By definition, energy expenditure, both the rate and the amount, are a vital part of
quantifying physical activity (Christensen, 1953; Christensen, 1955; Spitzer and
Hettinger, 1964; Spitzer et al., 1982; Caspersen et al., 1985; Lamonte and
Ainsworth, 2001; Howley, 2001; Pettee Gabriel et al., 2012). Currently there are
multiple different methods to measure physical activity and/or energy
expenditure, which all have their advantages and limitations. Currently, no single
method is generally accepted as the “gold standard” method to measure physical
activity. Although direct calorimeter, indirect calorimeter, and doubly labelled
water are considered “gold standard” methods for measuring energy expenditure,
they may not be that for the measurement of physical activity, since they are not
suitable to measure behavioral aspects of physical activity (Warms, 2006).
Direct calorimetry, indirect calorimetry, and double labelled water
Direct calorimetry, which measures the heat loss or heat emitted from the body
surface, is the most accurate way to measure energy transfer in living organisms
(Murgatroyd et al., 1993; Kaiyala and Ramsay, 2011). The first direct animal
calorimeters were developed in the late 1800s (Lavoisier and Laplace, 1780;
Crawford, 1787; Ramsay, 1918; Lusk, 1922; Fenby, 1987; Frankenfield, 2010). The
most famous of these early calorimeters was that constructed by Lavoisier and
Laplace. Their ice-calorimeter applied the law of latent heat transformation
discovered by Joseph Black (Ramsay, 1918) to measure the heat loss of the animal
from the mass of melted ice (Frankenfield, 2010). The ice-calorimeter was never
applied to human beings, and it took over 100 years until the first successful direct
calorimeter measurements on human beings were performed (Atwater and Rosa,
1899a; Atwater and Rosa, 1899b; Atwater and Benedict, 1903; Atwater and
Benedict, 1905) (Figure 3). Since the early days, several different types of
calorimeters have been developed and described, including isothermal or heat
sink (room or suit) (Webb et al., 1972; Dauncey et al., 1978; Jacobsen et al., 1985;
Webster et al., 1986), gradient-layer (Murlin and Burton, 1935; Benzinger and
Kitzinger, 1949; Spinnler et al., 1973; Walsberg and Hoffman, 2005; Zhang, 2010),
convection or air (Palmes and Park, 1947; Carlson et al., 1964; Snellen et al., 1983;
Reardon et al., 2006), partitional (Winslow et al., 1936), and differential
calorimeters (Deighton, 1939). The function of these direct calorimeters has been
reviewed previously in detail (Murlin, 1922; Mclean and Tobin, 1987; Jequier et
al., 1987; Murgatroyd et al., 1993; Levine, 2005; Lighton, 2008; Kaiyala and
Ramsay, 2011).
The direct calorimeter is based on heat balance equations, which is an
alternative expression of the principle of conservation of energy as stated in the
first law of thermodynamics (Mclean and Tobin, 1987). If no external work is
performed and the heat storage of the body is zero, then metabolic rate, heat
production, and total heat loss from the body are equal (Webb, 1980; Kaiyala and
Ramsay, 2011). During exercise, it is possible that some of the kinetic energy
derived from the energy stores of the body is transferred into mechanical energy
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rather than heat (Simonson and DeFronzo, 1990). In addition, from the onset of
exercise it takes approximately 30 to 50 minutes for heat loss to reach a new
steady state or plateau that matches the heat production or the metabolic rate of
the body (Webb et al., 1970; Chappuis et al., 1976; Crucza, 1983; Nagle et al., 1990;
Webb, 1993; Webb, 1995). With sufficient cooling and collection of sweat,
however, direct suit calorimeter has achieved over 97% agreement between the
heat loss and heat production during a 24-hour measurement, which included
three cycling exercise sessions (Hambraeus et al., 1994). In general, the
measurement error associated with direct calorimeters varies from <1% to 3%
(Levine, 2005). In spite of the accuracy, room size direct calorimeters are
expensive (approximately 1 million USD), complex to operate, and impractical in
free-living conditions or large populations, and they restrict daily human
movement (LaPorte et al., 1985; Murgatroyd et al., 1993; Levine, 2005; Warms,
2006). Thus, they are applied mainly for the validation of other energy
expenditure measurements and for basic thermodynamic research.
Indirect calorimeter, which measures heat production with O2 consumption
and CO2 production, was the first method that was used to measure human
metabolism (Frankenfield, 2010). The early indirect calorimeters were based on
closed circuit spirometers (Regnault and Reiset, 1849; Murlin, 1922). In the closed
systems, air (100% of O2) is inspired from the prefilled container, expired O2 is recirculated to the container after removal of CO2, and finally the depletion of O2
from the container is measured (Figure 3). Currently, the open-circuit systems
that allow more movement and less resistant breathing circuits are more suitable
for the measurement of the exercise energy expenditure (Branson and
Johannigman, 2004). Since the introduction of the first open-circuit system
(Pettenkofer, 1962) several modifications have been developed, including bag
(Douglas, 1911), portable (Zuntz et al., 1906; Müller and Franz, 1952), and
automated systems (Wilmore et al., 1976; Salminen et al., 1982; Bassett et al.,
2001; Pinnington et al., 2001; Macfarlane, 2001). In open-circuit systems the
ambient air with constant composition is inspired through a breathing valve and
the gas composition of expired air is analyzed with gas meter.
The measured VO2 can be converted into calories based on the caloric or
energetic equivalent of oxygen, which reportedly has varied from 4.16 kcal·l of O2
to 5.05 kcal·l of O2 depending on the stoichiometry of the oxidized substrate and
associated respiratory quotient (RQ) (Weir, 1949; Consolazio and Johnson, 1971;
Simonson and DeFronzo, 1990; Murgatroyd et al., 1993; Jeukendrup and Wallis,
2005). RQ indicates the ratio of VO2 and VCO2 at the cellular level (Zuntz and
Schumburg, 1901; Williams et al., 1912; Lusk, 1924; Du Bois, 1924; Michaelis,
1924). In indirect calorimeters the RQ is estimated from the respiratory exchange
ratio (RER), which indicates the net ratio of VO2 and and VCO2 in the whole body
level. The basic assumption in indirect calorimeter is the equality between the RQ
and RER (Simonson and DeFronzo, 1990; Jeukendrup and Wallis, 2005). The
equality assumption is violated when there is a net inter-conversion of substrates
(e.g. lipogenesis, gluconeogenesis, ketogenesis) (Frayn, 1983), the CO2 pool
changes, the oxidation of protein is high or non-constant, or the proportion of the
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Figure 3. Basic structure of a room respiratory calorimeter for the measurement of metabolic rate of
the body. Based on the report by Atwater and Rosa (1899a).

anaerobic energy production increases (Jeukendrup and Wallis, 2005). These
types of alterations can be induced by several clinical, nutritional, or physical
conditions, including ketosis, hyperventilation, hypoventilation, overfeeding,
underfeeding, acidosis (high intensity exercise, >75%VO2max), or prolonged
exercise (Mclean and Tobin, 1987; Simonson and DeFronzo, 1990; Jeukendrup
and Wallis, 2005). In defined conditions and with robust calibration, however, the
heat production equals heat loss (Lavoisier and Laplace, 1780; Rubner, 1894;
Atwater and Benedict, 1903). In addition, the errors associated with violation of
the aforementioned assumptions are relatively minor. For example, 100%
decrease or increase in protein oxidation or by totally discounting the effect of
protein on energy production allegedly yields an error of less than 2% (Simonson
and DeFronzo, 1990). Compared to the direct calorimeters, indirect systems are
less expensive (2 000–35 000 USD) (Holdy, 2004) , easier to operate, and able to
provide minute-by-minute data on intensity and volume of physical activity. They
are, however, unpractical for long-term measurements in free-living conditions,
and are best suited for short-term (10–30 min) validation studies of other energy
expenditure measurements.
One application of the indirect calorimeter is the doubly labeled water method
that was developed in the 1950’s (Lifson et al., 1955), and first human experiments
were done in the early 1980’s (Schoeller and van Santen, 1982). The method is
based on the direct estimation of CO2 production by measuring the difference in
the rate of elimination of the two, usually orally taken, stable isotopes of hydrogen
(deuterium, 2H) and oxygen (18O or 17O) from the body (Lifson and McClintock,
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1966). Deuterium is eliminated from the body as water whereas the isotope of
oxygen is eliminated as water and CO2. The CO2 production can be measured,
since the isotope of oxygen is in equilibrium with the oxygen of body water and the
oxygen of respiratory CO2 due to the decarboxylation and bicarbonate buffer
system catalyzed by carbonic anhydrase (Lifson et al., 1949). The method is based
on the assumption that the body water pool and flow rate of water and CO2 are
constant, concentration of the isotopes in water and CO2 that exit the body equals
that of the body water pool, there is no re-entry of the isotopes, only water and
CO2 are labeled, isotopes exit the body only in the form of water and CO2, and the
quantity of natural isotopes remain constant throughout the measurement period
(Lifson and McClintock, 1966; Nagy, 1980; International Dietary Energy
Consultancy Group, 1990; Butler et al., 2004; International Atomic Energy
Agency, 2009). Although these assumptions are invalid in free-living human
beings, the risk of error can be reduced with mathematical correction factors or
methodological design (International Dietary Energy Consultancy Group, 1990;
Racette et al., 1994). The estimates of produced CO2 can be transformed into
energy expenditure by estimating the mean RQ, for example from diary intake
reports, after which standard equations of the indirect calorimeter can be applied
(International Dietary Energy Consultancy Group, 1990).
On a group level, the accuracy of doubly labeled water is approximately 5% in
strictly controlled conditions and 10% in free-living conditions (Jequier and
Schutz, 1988; Goran et al., 1995; Speakman, 1998). On an individual level, the
deviation can exceed 20%, which limits the suitability of the method for individual
analysis (Speakman, 1998; Butler et al., 2004). The length of the measurement
period is approximately 0.5–3 biological half lives of the isotopes or 3–25 days in
human beings (Schoeller, 1988). In adult human beings it has been suggested that
the minimum measurement period should be at least 2 biological half-lives of the
isotopes or 12–14 days for sufficient accuracy (Murgatroyd et al., 1993; Shephard
and Aoyagi, 2012). Regarding the measurement of physical activity, doubly labeled
water provides only estimates of total amount and the average rate (PAL) of
energy expenditure for the whole measurement period (LaPorte et al., 1985).
Energy expenditure of physical activity can be estimated by subtracting the basal
or resting energy expenditure and thermic effect of food from the total energy
expenditure. Doubly labeled water is currently the most accurate tool to estimate
long-term free-living energy expenditure. The cost of a single measurement,
questionable validity in exceptional circumstances, technical demands, laborious
analysis, and absence of detailed data, has, however, limited its applicability for
large samples (Murgatroyd et al., 1993; Dishman et al., 2001). Therefore, the
technique is mainly used for validation of other field methods and measurement of
energy expenditure in specific populations (Dishman et al., 2001).
Heart rate method and other portable devises
The heart rate (HR) method is based on the relationship between the oxygen
consumption (VO2) and HR, as defined by the Fick’s convection equation VO2 =
HR · Vs(CaO2 – CvO2), where Vs is the stroke volume of the heart and CaO2 – CvO2
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is the arteriovenous oxygen difference (Butler et al., 2004; Green, 2011).
Experimental evidence has also confirmed a close linear relationship with the rate
of VO2 and HR in humans (Boothby, 1915; Krogh and Lindhard, 1917; Berggren
and Hohwü Christensen, 1950; Åstrand and Ryhming, 1954). The relationship is,
however, non-linear at lower HR (<50%VO2max or 120 bpm) and near maximal HR
(20 beats below the maximum heart rate) (Henderson and Prince, 1914; Åstrand
and Ryhming, 1954; International Organization For Standardization, 2004). The
relationship can be distorted by multiple factors, including the fitness level,
training status (Henderson et al., 1927; Bock et al., 1928), psychological stress
(Carroll et al., 1986), surrounding temperature (Adolph and Molnar, 1946),
dietary intake, body position (Asmussen et al., 1939; Asmussen and Hohwü
Christensen, 1939), dehydration (Saltin, 1964), altitude (Vogel et al., 1967),
dynamic or static muscle contraction (Maas et al., 1989), and leg or arm activity
(Bevegård et al., 1966; Vokac et al., 1975; Louhevaara et al., 1990). In addition,
medical conditions, including diabetic autonomic neuropathy (DAN), has been
shown to impair the heart rate response to exercise (Hilsted et al., 1982), increase
the resting HR, decrease maximum HR, decrease the slope between the HR and
%VO2max, and impair the heart rate recovery after exercise (Bottini et al., 1995).
Colberg et al. (2003), however, have reported no difference in percentage of HR
reserve (maximum heart rate – resting heart rate) and %VO2maxR relationship
between the subjects with DAN or without DAN. Several drugs, including betablockers, also modify the HR response to exercise (Powles, 1981; Peel and
Mossberg, 1995).
Due to multiple factors that can influence HR, individual calibration curve of
HR response to the increase in work rate have to be determined with a traditional
step incremental ergometer test or by FLEX-heart rate (FLEX-HR) method
(Booyens and Hervey, 1960; Spurr et al., 1988). In the FLEX-HR method, VO2 and
HR are measured in three resting positions (lying down, sitting, and standing) and
while performing exercises with different intensities. The FLEX-HR is the mean
between the highest HR during a resting condition and lowest HR monitored
during the exercise. If the measured HR is lower than the FLEX-HR, then resting
energy expenditure is used to estimate energy expenditure. When HR exceeds the
FLEX-HR, then a calibration curve determined during the exercise test is applied
for estimation. According to the review by Leonard (2003), in 70% of subjects the
energy expenditure estimates are within ±10% of the values retrieved from the
direct calorimeter or doubly labeled water. It should be emphasized that the
accuracy of the HR method is decreased if aforementioned individual,
environmental, or pharmacological factors differ during the determination of the
calibration curve and the actual period of energy expenditure measurement. If
individual calibration cannot be performed, then the accuracy of the HR method
to estimate energy expenditure can be improved by regression equations based on
the subjects characteristic and/or HR variability (Strath et al., 2000; Rennie et al.,
2001; Smolander et al., 2011). The advantages of the method are that HR is easy to
measure beat-by-beat, equipment are affordable, and the method is relatively
convenient and unrestrictive. The data analysis, however, can be laborious and in
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clinical populations it requires a stable sinus rhythm. The HR method enables the
measurement of absolute and relative intensity and volume of physical activity
and simultaneous logs can be applied to retrieve data about the behavioral aspects
physical activity.
Motion sensors are mechanical or electronic devices that detect or count
human movement. Such sensors include pedometers and accelerometers, which
are widely available. The pedometers are mounted on the waist or ankle to
measure the number of steps and/or distance. The first pedometer was developed
over 500 years ago by Leonardo da Vinci (Gibbs-Smith and Rees, 1978). The early
modern mechanical gear driven pedometers were inaccurate largely because of
fluctuation of the spring tension, which determined the sensitivity of the device to
detect movement (Montoye et al., 1996). Some contemporary electronic
pedometers have been shown to be reasonably accurate in measuring steps and
distance, to overestimate walking energy expenditure, and to underestimate the
energy expenditure of other types of activities (Bassett et al., 1996). Bassett et al
(2000) have reported that the pedometer underestimates the actual energy cost in
28 daily activities on average by 1.12 MET (95% confidence interval [CI] 0.96–
1.28). They also found a low correlation between the estimated and actual energy
expenditure (r = 0.49). When energy expenditure estimates of eight electronic
pedometers were compared to indirect calorimetry in different walking speeds, a
large variation in gross and net energy expenditure was found, especially at low
walking speeds (Crouter et al., 2003). At low walking speed, estimates of number
of steps and walked distance have also been highest (Bassett et al., 1996; Crouter
et al., 2003). In a study by Schneider et al. (2003) comparing the accuracy of 10
pedometers to the actual number of steps measured during a 400-meter walk, the
authors found that some pedometers were relatively accurate (±3% of actual
steps), whereas in other pedometers had a substantially lower accuracy (±37% of
actual steps). The pedometers are affordable and small; however, they measure
only ambulatory activities within a certain speed range. In addition, they are
unable to measure the type, frequency, duration, or intensity of specific activities.
Accelerometers detect acceleration of the human body around one, two, or
three axis. The development of accelerometers for measuring human movement
started during the 1960’s (Cavagna et al., 1961). Since then, several types of
acceleration transducers have been used in accelerometers, including piezoelectric
cantilevered beam, piezoelectric or piezoresistive compressive integrated chip, or
differential capacitance (Chen et al., 2012). In modern accelerometers, the
sinusoidal acceleration signal provided by the transducer is converted from analog
to digital, filtered, rectified (full or half wave), and then summarized for specific
period or epochs (Bassett et al., 2012; Butte et al., 2012). Recent advances also
allow the non-filtered raw gravitational forces to be analyzed, as was
recommended by a general consensus meeting (John and Freedson, 2012; Butte et
al., 2012). Despite these advances, the accelerometer data is still commonly
expressed in activity counts (counts per unit of time), which is an arbitrary unit
dependent on the analog voltage, amplification factors, analog-to-digital
conversion factor, and sensors (Chen and Bassett, 2005). In addition, there are at
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least three different analytical approaches to express counts. The count can
express the number of times the signal crosses the predefined threshold, a
maximum value for specific epoch or an area under the curve for specific epoch
(Chen and Bassett, 2005). Depending on the variation in the aforementioned
factors, the counts between the different accelerometer manufacturers are
incomparable (Chen and Bassett, 2005; Welk et al., 2012). The counts, however,
can be converted into estimates of energy expenditure by applying single
regression equations (Crouter et al., 2006a), two regression equations (Crouter et
al., 2006b), or pattern recognition approaches (Bassett et al., 2012; Liu et al.,
2012). The accuracy of the methods that apply pattern recognition has been shown
to be greater than that of the basic regression based methods (Rothney et al.,
2007; Staudenmayer et al., 2009; Trost et al., 2012). In a review of 28 validation
studies from 8 different accelerometers, the correlation between the free-living
data of motion sensors and doubly labeled water varied from –0.09 to 0.96
(Plasqui and Westerterp, 2007). In more constraint environments, accelerometers
have been shown to underestimate the actual total energy expenditure
approximately by 10% compared to the 24-hour room calorimetry measurement
(Corder et al., 2007). The accelerometers can provide information about the
intensity, duration, and frequency of physical activity, the prediction of energy
expenditure, and distinguish a few types of activities (e.g., lying, sitting, standing,
walking, jogging, running) (Butte et al., 2012) . They are also relatively
inexpensive, non-constrictive, and easy to operate. It has been suggested that
accelerometers should be developed from the usage of counts and regression
calibrations to an analysis of raw acceleration signals.!(Troiano et al., 2014). The
major shortcomings of the accelerometers are that they are unable to detect a wide
range of specific activities, they provide no information about the context or
surrounding of the activity, counts are arbitrary and non-standardized, and
algorithms are proprietary (Butte et al., 2012).
Several wearable monitors have been developed to combine the information
from multiple sensors to improve the energy expenditure estimates. According to
a recent sytematic review, these devises have been more accurate than uniaxial
accelerometers and at least as good as triaxial acceloremeters at estimating total
and activity energy expenditure (Van Remoortel et al., 2012). Intelligent device for
energy expenditure and activity (IDEEA®, MiniSun, CA, USA) combines
information from 5 motion sensors placed on chest, anterior portion of thighs, and
each foot (Zhang et al., 2003). The accuracy of the estimation of energy
expenditure has been on average 99% (range: 90–111%) compared to the indirect
calorimeter during a 50 min treadmill test (Zhang et al., 2004). Slightly smaller
average values, although with narrower range, were observed between the energy
expenditure of the IDEAA and a 23-hour room calorimeter measurement (mean:
95%, range: 92–99%) (Zhang et al., 2004). The IDEEA has also been shown to
accurately differentiate at least 32 types of activities and their duration, frequency,
and intensity (Zhang et al., 2003).
SenseWear Armband (SWA, Bodymedia, Pittsburgh, USA) is another kind of
multi-sensor device that measures accelerations (around two or three axis), heat
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flux, skin temperature, and galvanic skin response and applies specific algorithms
that are based on the supervised machine learning or pattern recognition (Jakicic
et al., 2004). The correlation between the SWA estimates of energy expenditure
compared to that of the indirect calorimetry has varied from 0.23 to 0.76 when
first generation generalized algorithms were employed (Jakicic et al., 2004). With
exercise specific algorithms, the correlations increased and varied between 0.51
and 0.89 (Jakicic et al., 2004). In addition, the SWA has been shown to predict
the measured energy expenditure more accurately than other accelerometers
(CSA, BioTrainer, TricTrac, RT3) in most speeds of walking or running, (r = 0.50–
0.85) (King et al., 2004). The energy expenditure estimates of the SWA have also
been highly correlated (r = 0.81) with the doubly labeled water method during 10day free-living conditions (St-Onge et al., 2007). Correlation between the energy
expenditure estimates of IDEEA and SWA has also been high (r = 0.82, range:
0.68–0.92) when second generation algorithms have been applied (Welk et al.,
2007). More recently, Hill et al. (2010) reported that the mean difference
between SWA energy expenditure measurements and indirect calorimeter was
insignificant –0.2 MET (limits of ageement was 1.3 MET) in five movements
(supine lying, sitting, standing and self paced slow and fast walking) in patients
with chronic obstructive pulmonary disease. In their study SWA was also highly
repeatable.
There have also been some attempts to combine accelerometers with
simultaneous HR monitoring to provide verification that the increased
acceleration actually signifies increased physical activity (increased HR) (Rennie
et al., 2000). The 12-hour energy expenditure estimates of combined HR and
accelerometer (HR+ACC) deviated on average 0% (range: –22–+19) from the
room calorimeter based on findings in 8 healthy subjects (Rennie et al., 2000). In
another study by Brage et al. (2005), HR+ACC method predicted well (R2 > 0.84,
standard error of estimates ~1.2–1.5 MET) the intensity of walking and running.
Butte et al. (2010) have reported an acceptable agreement between the HR+ACC
method and doubly labeled water in children and adolescents. In 48 adult
participants, the mean bias between the HR+ACC method and indirect
calorimeter was 0.8 MET (95% prediction interval: –2.0 MET–+3.5 MET) in 18
different types of daily activities (Crouter et al., 2008).
Interviews, diaries and questionaires
Interviews and self-report methods, including surveys, questionnaires, diaries,
and logs, provide an inexpensive way to measure physical activity. There is a
myriad of different types of questionnaires, which differ in the duration of recall,
included physical activity subcategories, number of items measured, difficulty in
scoring, and population tested (Washburn and Montoye, 1986; Pereira et al., 1997;
Neilson et al., 2008). The review by Powell et al. (1987) suggested that the
transition from questionnaires that measured only OPA to ones that incorporated
also LTPA took place in the 1970’s. They have shown that the number of physical
activity coronary heart disease studies in which only OPA was measured, was
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substantially greater among studies that were published before 1970 (20 out of 24)
compared to the studies published later (3 out of 19) (Powell et al., 1987) .
Some questionnaires have been applied to dichotomize individuals as
sedentary or active for example based on the reported participation in vigorous
(7.5 kcal/min or 6.4 MET for 70 kg man) physical activity (Morris et al., 1973) or
whether their OPA or LTPA were mainly sedentary or not (Salonen et al., 1982). In
other types of questionnaires, the participation in moderate or vigorous physical
activity has been measured (Sallis et al., 1985), whereas in some questionnaires
different types of scales and indexes have been used. For example, daily energy
expenditure has been calculated and expressed in kilocalories (Johnson et al.,
1956; Reiff et al., 1967; Sallis et al., 1985) or in MET-hours (Kannel and Sorlie,
1979). Other types of questionnaires have measured only the energy expenditure
of LTPA (Taylor et al., 1978) or specific types of activities (Paffenbarger et al.,
1978). Shapiro et al. (1965) applied a questionnaire, in which multiple choice
questions about the type, duration, frequency, or travelled distance related to job
or off-job time were asked, weighted, summed, and classified into four categories.
Overall, physical activity level was then expressed as a sum of job and off-job time
and categorized into light, intermediary, or heavy groups. Similar type of approach
has later been applied by Baecke et al. (1982) to calculate work, leisure-time, and
sports index (sports also included estimates of energy expenditure) from 16
multiple-choice questions. In International Physical Activity Questionnaire
(IPAQ) the categorisation of the individual’s physical activity level as low,
moderate, or vigorous is based on the frequency, duration, or MET-hours of
moderate or vigorous walking activity performed continuously at least for 10
minutes (International physical activity questionnaire, 2005).
Several factors influence the accuracy of the self-reports. In recall
questionnaires, the demanding cognitive process of recalling has been recognized
as a possible source of error (Baranowski, 1988). With diaries, the recalling error
is minimal, but it increases the burden on both the subject and the researchers
and it can alter the daily physical activity (Ainslie et al., 2005). It has also been
suggested that high intensity activities are reported more accurately than low
intensity activities (Taylor et al., 1978; Bouchard et al., 1983). In addition,
individuals with higher fat percentage tend to over report the high intensity
activities (>=4.5 MET) and underreport low to moderate intensity activities (2.5–
4.4 MET) (Buchowski et al., 1999). Social desirability and approval has also been
shown to affect the reporting of physical activity (Adams et al., 2005). With
diaries, however, it is possible that the conscious or unconscious manipulation of
data may be more difficult than with questionnaires, since the subjects are asked
to report what they actually do, rather than self-evaluate their physical activity
level. Thus, as expected, the diaries are considered a more accurate measure of
physical activity than recalls (Ainslie et al., 2005).
The two comprehensive reviews of studies evaluating the accuracy of the selfreports against more objective measures (accelerometers, doubly labeled water,
HR method) have reported a low to moderate mean correlation (r = 0.37, range =
–0.71–0.98) (Prince et al., 2008) and low to acceptable median validity
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correlation (r = 0.24–0.41) (Helmerhorst et al., 2012) between the methods. In a
review by Prince et al. (2008) the mean correlation was somewhat higher in men
(r = 0.47, range = –0.17–0.93) than in women (r = 0.36, range = –0.17–0.95). The
mean difference between the doubly labeled water and questionnaires has been
shown to vary from –62% to +113% for active energy expenditure and from –31%
to +62% for total energy expenditure (Neilson et al., 2008). Schulz et al. (1989)
compared the energy expenditure measured with doubly labeled water and
estimated from the 24-hour diary record. The mean difference between the
methods varied from –4% (±14) to –7% (±13) and the correlation from 0.57 to
0.72 depending on the employed calculations. The relatively low associations
between the self-reports and objective methods, however, do not automatically
signify inaccuracy of the subjective measures. Haskell (2012) has proposed that
subjective measures and objective measures can measure different aspects of
physical activity, which complement each other’s weaknesses. The advantage of
the self-reports, especially diaries, is that they can provide reasonably accurate
estimates about the surroundings, environment, subcategory, type, frequency,
duration, and intensity of the physical activity (Shephard, 2003), which is
currently impossible with individual objective methods.

2.1.4 PHYSICAL ACTIVITY RELATED GUIDELINES FOR HEALTH
Physical activity recommendations have been given separately for occupation and
leisure-time. In work physiology the goal has been to determine the upper
tolerance limits for daily energy expenditure during the working hours (8
hours/day). Meanwhile, in exercise physiology the recommendations have been
given for a minimum amount of physical activity that is needed to sustain or
improve health (Rutenfranz, 1985).
In 1865, probably the first estimation on the amount of work man can perform
on an yearly basis was reported (Playfair, 1865a; Playfair, 1865b). Playfair
(Playfair, 1865a; Playfair, 1865b) suggested that man could walk 32 km without a
load or 14 km while carrying 32 kg backpack per day six days a week throughout
the year without physical break-down. The threshold was based on their
experience on rural postmen and infantrymen. While in 1924, Pearl and his
associates (Pearl, 1924) were probably the first that linked physical energy
requirements of occupation and health. They classified 132 occupational groups
into quintiles according to their estimated physical energy requirements. They
reported that the overall mortality increased from less to more physically
demanding occupations, and the strength of this association increased with age.
Following these early publications, Dill et al. (1936) made a physical threshold
recommendation for an 8-hour working day so that the full recovery would take
place during the following 16-hours. They approximated that the maximum mean
intensity that could be maintained for an 8-hour working period would be 8 MET.
Since then, it has been suggested that the upper energy expenditure limit for 8hour work would be 3.9–5.2 kcal kcal·min-1 (4.3 MET) for gross energy
expenditure (Lehmann et al., 1949; Lehmann, 1953; Passmore and Durnin, 1955;
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Lehmann, 1962; Spitzer and Hettinger, 1964; Bonjer, 1968; Spitzer et al., 1982), 4
kcal·min-1 (3.4 MET) for net energy expenditure (Müller, 1953), 21–35%VO2max for
work including manual handling and lifting (Petrofsky and Lind, 1978; Legg and
Myles, 1981; Jorgensen, 1985), and 30–55%VO2max for leg or total body work
(Christensen, 1953; Christensen, 1955; Åstrand, 1960; Michael et al., 1961;
Wyndham et al., 1962; Singleton, 1972; Lange Andersen et al., 1978). It has also
been shown that individuals working in a construction site (Åstrand, 1967), doing
housekeeping activities (Åstrand, 1971), fishing professionally (Rodahl and Vokac,
1979), walking while carrying a load (Evans et al., 1980), or doing heavy physical
labor (Chaffin and Couto Hde, 1986; Kurumatani et al., 1992) adjust their work
pace (intensity) so that they are utilizing approximately 40–45% of their VO2max.
Likewise, there is evidence that soldiers performing combat type activities or
individuals walking while carrying different loads adapt their rate of energy
expenditure within the limits of 400–450 kcal·h-1 (or 5.7–6.4 MET) or 425 kcal·h-1
± 10% (or 6.1 MET) (Goldman, 1965; Hughes and Goldman, 1970). According to
the current consensus, recommendation for the upper limit for daily energy
expenditure during an 8-hour working day is 30–33%VO2max for dynamic
continuous work without specific breaks, and 50%VO2max for intermittent
dynamic or static work with specific breaks (Rutenfranz, 1985; Ilmarinen, 1992).
The development of recommendations for LTPA and exercise prescriptions
were initiated by studies reporting an inverse association between vigorous LTPA
and incidence of coronary heart disease (Morris et al., 1973). In 1975 American
College of Sports Medicine (ACSM) published their first exercise
recommendations for cardiorespiratory fitness in the first edition of Guidelines for
Graded Exercise Testing and Exercise Prescription (Blair et al., 2004). Since the
1970’s, a growing body of epidemiological evidence about the linkage between the
daily physical activity and health, and the exercise physiological evidence about
the effect of exercise dose on health, has provided the foundation for the
development of physical activity recommendations. Since the early exercise
recommendations, there has been little change in the recommended exercise dose.
The early recommendations were, however, mainly aimed to induce improvement
of cardiorespiratory fitness, whereas the more contemporary ones have aimed to
improve general health. In addition, the different recommendations, promoted by
different institution, countries, or organizations, are relatively similar (Table 1)
(U.S. Departments of Health and Human Services, 2008; UKK Institute, 2010;
World Health Organization, 2010; Garber et al., 2011; Government of United
Kingdom, 2011; Current Clinical Guidelines, 2012; Australian Government, 2013;
Canadian Society for Exercise Physiology, 2014) . According to the current
physical activity recommendations, adults should perform in addition to the
individual’s daily physical activity a moderate to vigorous physical activity 3–5
times a week for 30–60 minutes, which can be accumulated throughout the day in
≥10 minute bouts.
The absolute intensity thresholds for light, moderate, vigorous, very vigorous,
and extreme values reported for exercise and occupation are shown in Table 2. It
seems from a historical perspective that the exercise thresholds are somewhat
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Table 1.

Current physical activity guidelines for health promotion

Guidelines
USA (2008)
UKK (2009)
CCG (2012)
WHO (2010)
ACSM (2011)
UK (2011)
Australia (2013)
CSEP (2014)

Dur
≥150
≥150
≥150
≥150
≥30 a
≥150
≥30 a
≥150

Moderate
Int
Freq
3.0–5.9 ns
ns
≥3
ns
≥3
ns
MD
ns
≥5
ns
≥5
ns
MD
ns
ns

Aerobic
Vigorous
Dur
Int
Freq
≥75
≥6.0
ns
≥75
ns
≥3
≥75
ns
≥3
≥150
ns
ns
≥20 a
ns
≥3
≥75
ns
≥5
≥20 a
ns
3–4
≥150
ns
ns

Strength training
Total
COM
COM
COM
COM
≥500 b
COM
COM
COM

Freq
≥2
≥2
≥2
≥2
2–3
≥
ns
≥2

Exerc Sets Reps
MMG ≥1 ≥8–12
8–10 ns ≥8–12
ns
ns
ns
MMG ns
ns
MMG 2–4 8–20
MMG ns
ns
ns
ns
ns
MMG ns
ns

Dur, duration (minutes per week); Int, intensity (meatbolic equivalent of task (MET); Freq, frequency (times per week); Exerc, number of exercises;
Reps, number of repetitions ns, not specified; COM, combination of moderate and vigorous; MMG, major muscle groups; md, most days UKK, Urho
Kekkonen Fitness Institute Foundation; CCG, Current Clinical Guidelines (Finland); ACSM, American College of Sports Medicine; CSEP, Canadian
Society of Exercise Physiology, aminutes per day, b MET-minutes per week

derived from those given for occupation. The function of time, that is the volume,
should however be acknowledged when the classifications are applied to the study
of health risks and benefits. Current physical activity guidelines have evolved from
exercise only recommendations to ones that include all types of higher intensity
activities of daily living. In spite of this development, neither occupational nor
current physical activity guidelines take into account total daily physical activity.
Alternatively, total daily energy expenditure has been applied for characterizing
physical activity level (Table 2) (Orr and Leitch, 1938; Taylor and MacLeod, 1949;
FAO/WHO, 1973; FAO/WHO/UNU, 1985; FAO/WHO/UNU, 2001; Dietary
reference intakes, 2005; Scientific Advisory Committee on Nutrition, 2012). It has
been estimated that PAL of 1.27 indicates the minimum level of physical activity
that is required for survival (FAO/WHO/UNU, 1985), while the PAL of ≥1.70 is
required for health benefits (FAO/WHO/UNU, 2001). One major limitation of
PAL based guidelines is that it does not include the possible effect of fluctuation in
the intensity pattern of daily physical activity.
In addition, the existing evidence supports that physical activities that do not
reach the intensity threshold of the current physical activity guidelines could still
have beneficial health effects independently of the moderate/vigorous physical
activity status (Hamilton et al., 2007; Katzmarzyk, 2010; Tremblay et al., 2011b).
Thus, in addition to physical activity guidelines, recommendations for minimizing
sedentary behavior or screen time have been made, unfortunately only for
children and youth (American Academy of Pediatrics. Committee on Public
Education, 2001; Jordan and Robinson, 2008; Tremblay et al., 2011a; Australian
Government, 2013). Sedentary behavior has been defined to include all waking
time spent in sitting in a reclining posture with an intensity of lower or equal to 1.5
MET (Sedentary Behaviour Research, 2012). The general conclusion from these
guidelines is that the time used for sedentary behavior should be minimized or
limited to 1–2 hours per day. Among Finnish children, 52% of boys and 56% of
girls viewed television ≤2 hours per day (Tammelin et al., 2007). In spite of
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Table 2.

Physical activity intensity categories for work, leisure, and total 24 hours

Study
Dill et al. (1936)
Christensen et al. (1953) a
Brown (1963) b
WHO (1978)
Åstrand (1988)a
ISO 8996 (2004) c
Durnin (1985) men
Durnin (1985) women
Howley (2001) d
Haskell et al (2007)
ACSM (2011)
Orr and Leitch (1938), men e
Orr and Leitch (1938), womene
Taylor & Macleod (1949), men e
Taylor & Macleod (1949), womene
FAO/WHO (1973), mene
FAO/WHO (1973), women e
FAO/WHO/UNU (1985), men
FAO/WHO/UNU (1985), women
FAO/WHO/UNU (2004)
DRI (2005)
SACN (2012) f

Target
8 h of Work
8 h of Work
8 h of Work
8 h of Work
8 h of Work
8 h of Work
30–60 min of Leisure/EX
30–60 min of Leisure/EX
30–60 min of Leisure/EX
30–60 min of Leisure/EX
30–60 min of Leisure/EX
24 h of day (PAL)
24 h of day (PAL)
24 h of day (PAL)
24 h of day (PAL)
24 h of day (PAL)
24 h of day (PAL)
24 h of day (PAL)
24 h of day (PAL)
24 h of day (PAL)
24 h of day (PAL)
24 h of day (PAL)

Very Light
or
sedentary
0.9–1.7
2.0–3.1
<2.3
<2.2
<2.8
<2.0
1.43
1.0–1.4
-

Heavy or
Extremely
Moderate vigorous Very heavy heavy
1.0–3.0
3.0–8.0
4.1–6.1
6.1–8.2
8.2–10.2
>10.2
2.6–4.3
4.3–6.9
>6.9
3.0–4.5
4.6–7.0
>7.0
4.1–6.1
6.1–7.1
>7.1
2.4–3.6
3.6––4.7
>4.7
4.6–6.9
>6.9
4.4–6.5
>6.5
4.6–6.3
6.4–8.6
≥8.6
10
3.0–6.0
>6.0
3.0–5.9
6.0–8.7
≥8.8
2.0–2.9
1.82
2.99
1.62
2.65
1.67
1.48–1.56 1.69–1.90 2.11–2.32
2.74
3.13
1.58–1.71 1.89–2.03
2.48
1.49–2.01 1.69–2.21 2.01–2.53 2.34–2.85
1.36–1.67 1.52–1.82 1.82–2.05 2.12–2.42
1.55
1.78
2.1
1.56
1.64
1.82
1.40–1.69 1.70–1.99 2.00–2.40
1.4–1.6
1.6–1.9
1.9–2.5
1.27–1.49 1.50–1.77 1.78–2.5
Light
2.0–4.1
1.7–2.6
<3.0
3.1–4.1
1.3–2.4
2.3–4.6
2.2–4.4
2.8–4.5
-

Values are metabolic equivalents of task (MET) unless PAL. WHO, World health Organization; ISO, International Organization for Standardization; EX,
exercise; ACSM, American College of Sports Medicine; PAL, Physical activity level; FAO, Food and Agriculture Organization; UNU, United Nations
University; DRI, Dietary Reference Intakes; SACN, Scientific Advisory Committee on Nutrition. aMET-values are estimated for 70 kg man and 55 kg
woman from reported aoxygen consumption, bkcal/min values, cW/m2 or etotal energy expenditure, fLight = minimum–1 quartile (Q), moderate = Q1–
Q3, heavy = Q3–maximum.

combining sedentary behavior and physical activity guidelines, the intensity and
volume patterns of total physical activity requirements for health remains to be
determined.
Above, four different physical activity related guidelines have been presented;
1) for 8 hour continuous work (<30–33% of VO2max), 2) for moderate to vigorous
physical activity (30–60 min/day), 3) for sedentary behavior (<1–2 h/day,
children and youth only), and 4) for total energy expenditure (PAL ≥1.7). If the
generally recommended amount of sleep (7–9 hours per day) is included, it is
possible to schematically present the physical activity profile for health that meets
all these recommendations. For an individual who sleeps 8 h/day and works 8
h/day with an intensity of 2.2 MET (28% of VO2max), watches TV 2 h/day, and
performs 30 min of moderate exercise, the average intensity of remaining 5.5
hours would have to be at least 1.6 MET to meet the PAL of 1.7 (Figure 4). If the
intensity of work decreases to sedentary levels (1.4 MET), then the intensity of the
remaining 5.5 hours should be at least 2.7 MET to achieve PAL of 1.7. In this latter
case, however, the sedentary behavior recommendations (if, applied for adults)
cannot be met due to the obligatory low intensity levels of occupation. These two
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Figure 4. Schematic profile of 24-hour physical activity in an average adult that meets different
physical activity related recommendations for health. MET, metabolic equivalent; BMR, basal
metabolic rate (0.9 MET); PA, physical activity; OPA, occupational physical activity, MHPA,
miscellaneous home physical activity.

simple examples clearly emphasize the importance of total physical activity
intensity and volume pattern on health and the interrelationships of different
recommendations. In any given occasion, it seems that people are more likely to
meet the current moderate or vigorous guidelines than guidelines for sedentary
behavior and PAL.

2.2 MODULATION OF PHYSICAL ACTIVITY
2.2.1 PHYSICAL ACTIVITY TRANSITION
Physical activity transition is a concept introduced by Katzmarzyk and Mason
(2009) to describe the effect of changes in macro-level economic and demographic
factors to physical activity levels and ultimately to human health. The driving force
for movement of the early homo group hominids was to forage and hunt food, with
good energetic and nutritional value, from large areas to satisfy the needs of their
brains and bodies (Bellisari, 2008; Leonard, 2010). The hunter-gatherer or forage
societies flourished until the agriculture established its place as the global leader
of subsistence about 10 000–3 000 years ago (Bellisari, 2008). During the last
centuries, the mechanization, automation, and emerging new technologies have
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been aimed to increase the efficiency of extracting energy from environment per
unit of physical labor (Bellisari, 2008; Leonard, 2010), and also to decrease the
energy cost of occupations, transportation, and household tasks (Katzmarzyk and
Mason, 2009; Archer et al., 2013). Thus, it has been postulated that the
industrialization or westernization has induced an obesogenic environment with
abundance of available high-energy foods and low physical activity (O'Dea, 1992;
Misra and Khurana, 2009; Katzmarzyk and Mason, 2009).
The physically active Paleolithic era was probably the period in human history,
when the genome of modern human evolved (Booth et al., 2002). The human
genome has been reported to have remained relatively unchanged since the late
Paleolithic era (Cavalli-Sforza et al., 1994), which implies that the human genes
are inheritably programmed to function in an environment of high physical
activity (Booth et al., 2002). In fact, Booth et al. (2002; 2009; 2010) have
postulated that the regulation of human genes is programmed to function
optimally in a certain ancestral physical activity and that the optimal gene
function is a prerequisite for health. The average PAL of modern westerners (PAL
= 1.37) has been estimated to be substantially lower than that of the human
ancestors (PAL = 1.6–1.8) or foragers (PAL = 1.51–2.15) (Cordain et al., 1998).
Cordain et al. (1998) have estimated that the daily total energy expenditure of
modern westerners is only about 65% of that of the human ancestors. Even more
strikingly PAL of modern human is only about 38% of that of the PAL during the
Paleolithic years of foraging. To meet the level of energy expenditure of our
ancestors Cordain et al. (1998) have approximated that an average American
should increase his daily total energy expenditure by about 17 kcal·kg-1·d-1, which
corresponds to a 19 km walk for a 70 kg man. Even with brisk walking speed (6.5
km/h) it would take nearly 3 hours per day to complete this task, thus far
exceeding the amount of physical activity required to meet the current physical
activity guidelines (30–60 min).
Interestingly, the evidence concerning the decrease in physical activity with
modernization has not been conclusive (Dugas et al., 2011). To support the
decrease in physical activity, Esparza et al. (2000) have reported that daily energy
expenditure was approximately 500–600 kcal·d-1 higher among Pima Indians
living a traditional lifestyle in Mexico than among their age and sex matched
westernized Pima Indians living in the USA. In addition, the PAL of modern
humans has been estimated to be substantially lower compared to the free-ranging
mammals (Hayes et al., 2005). In contrast, it has been reported that physical
activity energy expenditure has not decreased from 1980 to 2005 among
Europeans and North Americans compared to the wild mammals, which can be
used as a proxy to study the effect of development on human physical activity
(Westerterp and Speakman, 2008). Pontzer et al. (2012) have also reported no
differences in daily energy expenditure between the Hadza hunter-gatherers living
in Northern Tanzania and westerners when adjusted for sex, age and body mass.
They however found that the PAL was higher in Hadza than in westerners, which
would suggest that the Hadza in general spend less time resting. Furthermore, the
physical activity level of the Yakut, a subsistence population living in Siberia, has
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been shown to match that of the sedentary populations, however the energy
expenditure was higher among those who were more involved with subsistence
activities (Snodgrass et al., 2006).
In agriculture societies, it has been shown that total daily energy expenditure
and PAL is similar between rural and urban dwelling Nigerians and AfricanAmerican adults living in the USA (Luke et al., 2002). Likewise, the active energy
expenditure of Nigerian women, of who 21% were engaged in subsistence farming,
corresponded with that of the African-American women living in suburban areas
of Chicago (Ebersole et al., 2008). In an agropastoral community, living in the
Andes (Bolivia), the total energy expenditure of men corresponds to that of
physically active men in Northern Ireland and young men in the USA, whereas the
energy expenditure of women was substantially higher than previously reported
values of urban-dwelling women (Kashiwazaki et al., 1995). As expected, the
energy expenditure of rural Gambian women during the most physically
demanding season of agriculture has been shown to be substantially higher than
among the affluent women living in Cambridge (Singh et al., 1989). In addition,
total acceleration and standing time was higher and sitting time lower among
rural dwelling Jamaicans compared to urbanized Jamaicans or North Americans
(Levine et al., 2011).
According to a meta-analysis of 98 doubly labeled water studies, the daily
energy expenditure was similar between countries with low or middle human
developmental index (HDI) and countries with high HDI (Dugas et al., 2011). This
analysis however did not account for the occupation or living environments (urban
or rural), which may have affected the results. In fact, Sobgnwi et al. (2002) have
previously reported a substantial difference in energy expenditure between urban
and rural-dwelling people living in Cameroon, which has a middle level HDI
(Malik, 2013). Another review, including 26 studies, suggested that the PAL of the
farmers in developing countries is mostly located in the upper end of the moderate
physical activity range (Dufour and Piperata, 2008). The body of evidence seems
to favor the general conception that the immigration from traditional to western
culture is associated with decrease in health due to the acculturation, including a
more sedentary lifestyle (Caperchione et al., 2009). Based on the current evidence,
it seems, however, that at a population level people living in industrialized
societies are somewhat more active than expected, whereas people living in
subsistence societies are less active than intuitively reasoned (Snodgrass, 2012).
Albeit the changes in total physical activity with industrialization tend to be
less than expected, it is obvious that technological advances have decreased
occupational workload. Sukhatme (1969) has estimated that the average
occupational energy expenditure among American citizens declined approximately
200–300 kcal·day-1 between the years 1940 and 1964. Since 1960 to 2008, it has
been estimated based on the annual United States employment records that the
average intensity of OPA has decreased about 0.25 MET, and that work related
energy expenditure has decreased approximately 140 kcal·day-1 in men and
124·kcal·day-1 in women (Church et al., 2011). Thus, it seems that the decrease in
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the occupational physical activity energy expenditure has slowed down during the
last half of the 20th century.
The major shift in the focus of health research, from OPA to LTPA, occurred in
the 1970’s. The early works of Morris in London largely influenced this change in
focus. Morris and co-workers (Morris and Heady, 1953; Morris et al., 1953)
demonstrated a greater prevalence of chronic diseases among those in physically
light occupations compared to those in physically demanding occupations. They
also demonstrated that the incidence of coronary heart disease was lower among
those British Civil Servants in physical low occupations who participated in
vigorous LTPA (Morris et al., 1973). As described in the previous chapter, this
change in scientific climate is also evident in the development of physical activity
recommendations (Table 1 and 2) and physical activity questionnaires applied in
research (Powell et al., 1987).
From 1978 to 2011, an annual survey on Finnish adult population has shown
that the participation rate in LTPA at least twice a week has increased steadily
from approximately 40% to over 60% (Helakorpi et al., 2012). The participation in
LTPA at least four times has remained relatively stable between the years 1995 and
2011 (30%) (Helakorpi et al., 2012). In another Finnish survey based on a random
population sample, participation in LTPA at least four hours per week has been
shown to increase between 1972 and 2012, especially among Finnish men
(Borodulin et al., 2008; Borodulin and Jousilahti, 2012). Similarly, the LTPA
trends in the USA, have suggested an increased prevalence of regular LTPA while
the prevalence of no participation at all in LTPA or exercise has decreased
(Centers for Disease Control and Prevention (CDC), 2004; Centers for Disease
Control and Prevention (CDC), 2007). Simultaneously with increased LTPA, the
occupational and commuting physical activity has decreased (Borodulin et al.,
2008; Borodulin and Jousilahti, 2012; Helakorpi et al., 2012). Archer et al. (2013)
have also suggested that between the years 1965 and 2010, the energy expenditure
of household activities has decreased 30–42% among US women, mainly due to
the technological advances and changes in women’s employment. During these
years researchers also found an 8.3 h·wk-1 increase in screen based media time
and 1.2 h·wk-1 increase in time used for LTPA (Archer et al., 2013). Interestingly,
researchers reported that a stepwise increase in LTPA took place in the 1970’s and
has remained in that level since (Archer et al., 2013). These types of cultural
changes in daily physical activity have possibly resulted in an increased
importance of LTPA and exercise for health (Katzmarzyk and Mason, 2009).

2.2.2 REGULATION OF PHYSICAL ACTIVITY
An in-depth review of factors and mechanisms that regulate daily physical activity
is beyond the scope of this literature review, due to the number of possible factors
and their inter-relatedness. Regulation of physical activity can be divided simply
into biological/genetic factors, environmental factors, or their interactions. This
approach is common in genetic studies (Knab and Lightfoot, 2010). From a more
behavioral perspective, Dishman et al. (1985) divided factors that affect physical
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Figure 5. Regulation of physical activity via skeletal muscle contraction. Classification of the regulation
factors according to Bauman et al. (2012).

activity in to three categories; 1) personal characteristics, 2) environmental
charactersitics, and 3) activity characteristics. This model can be further refined
into an ecological model, in which factors that can contibute to physical activity
have been divided into five categories; 1) individual, 2) interpersonal, 3)
environmental, 4) regional or national policy, and 5) global factors (Bauman et al.,
2012). Furthermore, the individual category can be diveded into interplay of
psychological and biological factors, which include evolutionary physiology and
genetic factors (Figure 5).
Twin and family studies have reported that heritability explains 0–85% of
physical activity (de Vilhena e Santos et al., 2012). This large variability between
the studies is most likely explained by the difference in the physical activity
measurement methods, design of the study, population investigated, and the
phenotype studied (determinant of physical activity). Among 13–16 year old
children, it has been shown that mostly environmental factors contribute to the
participation in sports (Stubbe et al., 2005). The influence of genetic factors
however increases with age, explaining 35% of the variance in sports participation
among 17–18 year olds and 85% among 19–20 year old subjects (Stubbe et al.,
2005). From 18–29 year olds to 50–59 year olds, the effect of heritability seems to
steadily decrease from 64% to 32%, respectively, until it curves back to 62%
among subjects who were at least 60 years old (Kaprio et al., 1981). These findings
together with findings from a 26-week follow-up study on mice (Turner et al.,
2005) suggest a possible gene x age interaction effect on physical activity.
Several possible candidate genes and quantitative trait loci for physical activity
have been identified and previously reviewed (Dishman, 2008; Lightfoot, 2011a;
Lightfoot, 2011b; de Vilhena e Santos et al., 2012; Bauman et al., 2012). The
current evidence about the candidate genes is inconsistent, possibly due to the
variability in the studied phenotype. In addition, the specific mechanism by which
physical activity genes mediate their regulative effect is unknown. In the only
genome-wide association study (GWAs) on regular leisure-time exercise (≥4
METh per week) 37 novel single nucleotide polymorphisms (SNPs) from 3
different DNA regions were found, including 3'-phosphoadenosine 5'-

!

33!

!
phosphosulfate synthase 2 (PAPSS2) gene (De Moor et al., 2009). PAPSS2 has
loosely been associated with the ability to exercise, which could influence physical
activity (Ikeda et al., 2001; Rico-Sanz et al., 2004). Regulation of exercise ability
has also been associated with the nescient helix-loop-helix 2 (NHLH2) gene and
solute carrier family 2 facilitated glucose transporter, member 4 (SLC2A4) gene
(Tsao et al., 2001; Good et al., 2008). SLC2A4, which codes primary glucose
transporter (GLUT4) of skeletal muscles, could increase the tolerance for exerciseinduced fatigue. Meanwhile Good et al. (2008) have suggested that NHLH2 could
affect peripherally by regulating skeletal or heart muscle function. It has also been
proposed that the hypothalamic expression of NHLH2 transcription factor could
decrease energy expenditure by decreasing the level of functional hypothalamic
neuropeptides (Jing et al., 2004). In addition, inhibition of NHLH2 activity in
brain could inhibit β-endorphin response to exercise, thus reducing the motivation
to exercise (Good et al., 2008). NHLH2 has also been associated with the
regulation of melanocortin 4 receptor (MC4R) gene and melanocortin pathway
(Wankhade and Good, 2011). MC4R is another candidate gene for physical activity
and it has been shown to regulate the physical activity response to altered diet
(Butler et al., 2001; Loos et al., 2005; Cole et al., 2010). Furthermore, dopamine
receptor genes (DRD1, DRD2, DRD4) may also regulate physical activity through
the dopamine system, which is involved in the regulation of motor movement,
reward, and motivation (Knab and Lightfoot, 2010). In fact, it has been postulated
that the dopamine system could increase the inner drive for voluntary physical
activity (Knab and Lightfoot, 2010; Lightfoot, 2011a). In contrast, Jozkow et al.
(2013) have reported no association between the DRD2 or DRD4 single nucleotide
polyphormisms (SNPs) and physical activity in healthy men. To support the role of
the dopamine system in the regulation of self-reported physical activity, Teske et
al. (2008) have reported that dopaminergic pathways interact reciprocally with
several different neuropeptides that have been linked to physical activity,
including orexin. The multifactorial role of neuropeptides, especially orexin, in the
regulation of physical activity has previously been extensively reviewed (Teske et
al., 2008; Kotz et al., 2012; Butterick et al., 2013).
Early development, prenatal environment, epigenetic inheritance, early-life
nutrition or physical activity status, and behavioral development can also
influence physical activity later in life. In rodents, fetal growth restriction (Baker
et al., 2010), maternal undernourishment (Vickers et al., 2003), and protein
intake restriction (Bellinger et al., 2006) during pregnancy have been associated
with physical inactivity. In humans, both low and high birth weight has been
associated with decreased odds of participation to LTPA (Andersen et al., 2009).
In contrast, birth weight has not been linked to reported sedentary lifestyle in 10–
12 year old children (Hallal et al., 2006; Mattocks et al., 2008). Objectively
measured physical activity (accelerometer) has however been greater among 11–
12-year old children whose mothers did not smoke and were physically more
active during pregancy (Mattocks et al., 2008). The molecular mechanisms
underlying the possible association between the prenatal environment and
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physical activity are not understood, albeit epigenetics including DNA methylation
or histone acetylation are likely to have an affect.
In addition to genes, there are multiple individual, interpersonal, and
environmental factors that can modify physical activity (Dishman et al., 1985).
The leading environmental barrier for exercise is the concern about the safety of
the neighborhood (Mier et al., 2007; Kamphuis et al., 2008; Caperchione et al.,
2009) but also lack of facilities (Brownson et al., 2001; Mier et al., 2007; Skowron
et al., 2008), and poor weather (Hays and Clark, 1999; Mier et al., 2007), have
been reported. Barriers related to the household are the lack of childcare,
insufficient space at home (Piana et al., 2013), financial issues (Caperchione et al.,
2009), and social deprivation (Kamphuis et al., 2008). As expected, the largest
group of possible barriers are related to individual factors, including lack of time
(Brownson et al., 2001; Mier et al., 2007), lack of motivation (Hays and Clark,
1999; Brownson et al., 2001), negative outcome expectancies, low self-efficacy
(Kamphuis et al., 2008), health issues (Hays and Clark, 1999; Mier et al., 2007;
Caperchione et al., 2009), daytime sleepiness (Chasens et al., 2009), obtaining
enough occupational activity (Brownson et al., 2001), religious activities
(Caperchione et al., 2009), and fatigue (Brownson et al., 2001; Piana et al., 2013).
It has also been suggested that the fear of losing the security of habitual behavior
can feed the resistance to change among obese people (Piana et al., 2013).
Interpersonal factors that may affect physical activity include limited social
connections and support (Kamphuis et al., 2008; Caperchione et al., 2009),
language (Caperchione et al., 2009), and cultural norms or codes (Caperchione et
al., 2009). It is worth noting that the relevance of these modulators of physical
activity or “barriers to exercise” tends to vary depending on the sex, race,
socioeconomic position, and cultural background (Bauman et al., 2012). Based on
the 574 double labeled water measurements, the physical activity related energy
expenditure was 11% lower among women compared to the age and size matched
men (Black et al., 1996). This difference could be intermediated by difference in
the sex hormones, although the evidence is limited (Bowen et al., 2011).

2.2.3 EXERCISE AND TOTAL PHYSICAL ACTIVITY
The main purpose of physical exercise in health sciences is to induce physiological
or psychological adaptation that enhances health, functioning ability, physical
capacity, physical ability, or physical performance and longevity by preventing the
development or progression of diseases or disabilities. These adaptations cannot
occur if the existing state of affairs remains unchanged and the initial signal for
adaptation procedures is lacking. Thus, the goal of exercise is to overload
(overload principle) the bodily systems that are specifically (specificity principle)
related to the targeted health factor (McArdle et al., 2007). To obtain wanted
changes in the observed determinant of health, the overload and specificity should
be sufficiently high or specific to overcome the load of the daily physical activity,
and hence to provide the initial spark for adaptation. In humans, exercise should
be regular and repetitive in nature to enable clinically significant health
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adaptation to take place. Furthermre, the daily non-exercise physical activity,
which could alter the true effects of exercise, should remained unchanged during
the exercise intervention. Epstein and Wing were probably the first to report this
type of compensatory behavior in health research (1980) in their review about the
effect of aerobic exercise on body weight. In addition, increasing the daily physical
activity during the exercise intervention is possible. Naturally, activation beyond
the prescribed intervention is generally viewed as a positive result. In research it is
also important to taken into account that the excess activation during non-exercise
time could result in overestimation of the effect of spesific exercise intervention.
Thus, it is important to understand how exercise interventions affect the nonexercise daily physical activity.
Previous studies that have investigated the effect of exercise on total physical
activity by comparing baseline and intervention physical activity have been
described in Table 3. In these 14 previous publications reviewed (Meijer et al.,
1991; Goran and Poehlman, 1992; Blaak et al., 1992; Van Etten et al., 1997; Morio
et al., 1998; Meijer et al., 1999; Hunter et al., 2000; Barwell et al., 2009; Hollowell
et al., 2009; Colley et al., 2010; Manthou et al., 2010; Breyer et al., 2010; Turner et
al., 2010; Rangan et al., 2011), the effect of aerobic exercise was investigated in 11
studies, the effect of resistance training in 3 studies, and the effect of combined
aerobic and resistance training in 2 studies. The duration of the interventions
varied from 4 weeks to 10 months. Based on the data provided by the authors, it
was estimated that the physical activity measurements during the intervention
accounted for only 15% (range: 2–50%) on average of the total duration of the
whole intervention period (range: 4–40 weeks).
In five previous studies, it was reported that exercise induced a compensatory
decrease in non-exercise energy expenditures and no change in total energy
expenditure (Goran and Poehlman, 1992; Morio et al., 1998; Meijer et al., 1999;
Colley et al., 2010; Manthou et al., 2010). The effect of aerobic exercise
intervention alone was studied in four studies, whereas one study explored the
effect of combined aerobic and resistance training (Meijer et al., 1999). Two
studies on aerobic training (Meijer et al., 1991; Hollowell et al., 2009) and one
study on resistance training (Rangan et al., 2011) have reported that exercise
intervention induces no change in either total energy expenditure or non-exercise
energy expenditure. In contrast, one aerobic study (Blaak et al., 1992) and one
resistance training study (Hunter et al., 2000) have reported an increase in both
total energy expenditure and non-exercise energy expenditure with exercise
intervention. In addition, Breyer et al. (2010) have reported that a Nordic walking
intervention increases non-exercise energy expenditure among subjects with
chronic obstructive pulmonary disease (COPD). In 6 studies (7 analyses), exercise
interventions have been reported to increase total energy expenditure without the
compensatory or activatory change in non-exercise energy expenditure (Meijer et
al., 1991; Van Etten et al., 1997; Barwell et al., 2009; Hollowell et al., 2009; Turner
et al., 2010; Rangan et al., 2011). Of these studies, five investigated the effect of
aerobic training, one the effect of resistance training, and one the effect of
combined training. In a study by Hollowell et al. (2009), however, only the high-
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Study

54

57

51

27
35

37

63

52
45-64

67
51

34

>55

20 (50)

8 (37)

8 (50)

34 (0)
16 (0)

16 (100)

13 (38)

28 (50)
29 (100)

15 (47)
28 (29)

26 (0)

22 (45)

26 (38)

Manthou (2010)
Meijer (1991) a

Meijer (1991) b

Meijer (1999)

Rangan (2011) c
31

25

23*

25
30

31
28

33*

23

30
23

31

29

30

30

28
32*
26
34
22*

BMI
(kg/m2)

< 1-2 times

nr

no regular EP

<1h
< 1-2 times

< 1-2 times
sedentary

no regular EP

<1h

< 1 h + SW
<1h

<2x

<2x

<2x

<2x

< 1 h + SW
nr
nr
<1h
nr

PA level (/wk)

DL

good

good

good
DL

DL
good

PMP

good

good
good

PMP, DL

PMP, DL

PMP, DL

PMP, DL

good
good
COPD
good
good

Health

2 (total)
3
3

nr
nr
65–80%VO 2peak
8–12RM

2

3
3

3
3–4

3

3–4

2 or 5
3–4

na

3–5

3–5

3–5

3–5
5
3
3–4
3

90
14 kcal/kg/wk
nr

150 (total)

nr

45
nr

14 kcal/kg/wk
30-60

40*

60 or 15–40 km/wk

75 or 30
60 or 15–40 km/wk

na

5023 kJ/wk

5023 kJ/wk

8372 kJ/wk

30–60
60
60
~ 60
150–300 kcal/ses

Intervention
Freq
min/ session

AT

nr

65–80%RM
8–12RM

65–80%VO 2peak
50–70%VO 2max

50%VO 2max – LT

70–100%HRmax

90–95%LT
70–100%HRmax

na

40–50%VO 2peak

65–80%VO 2peak

65–80%VO 2peak

65–80 %HR max
55–67%VO 2max
75%HR max
HRave 129-137 bpm
60–85%VO 2max

Intensity

RT: 8 x 2 x 10
AT
RT: 8 x 3 8–12

10 x 3 x 15

10 x 2 x 10
8 x 3 x 8–12

ns
W,RUN

CE

RUN

CE
RUN

Control

AT

AT

AT

ns
CE
NW
W
CE

Type

12 wk
8 mo
8 mo

12 wk

18 wk

26 wk
8 mo

8 mo
24 wk

14 wk

10 mo

8 wk
10 mo

8-9 mo

8-9 mo

8-9 mo

8-9 mo

7 wk
4 wk
3 mo
8 wk
8 wk

Duration

ACC
ACC + IDC
ACC + IDC

ACC

HR +DLW + ACC

EST + DLW
ACC + IDC

ACC
ACC + HR

DIA + DCM + ICM

ACC + DLW

PAD + HR
ACC + DLW

ACC

HR + ACC

HR + ACC

HR + ACC

HR
ICM + DLW
ACC
HR + DLW
HR + DLW

PA method

<3.1

21.8

22.2

7.7
<3.1

<3.1
12.5

14.3

12.5
2.5

1.7

14.3
50
5.3
25
17.9

%

↔

↓

↔

↑
↔

↔
↔

↓

↔

↓
↔

↔

↔

↔

↔

↔
↑
↑
↓
↓

nonEX
EE

↑

↔

↑

↑
↔

↑
↑

↔

↑

↔
↔

↔

↔

↔

↑

↑
↑
nr
↔
↔

Total
EE
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BMI, body mass index; PA, physical activity level; Freq, frequency; %, estimated percentage of total intervention time (24 hours and 7 days a week) measured; nonEX, non-exercise; EE, energy expenditure; AT, aerobic training; SW,
sedentary work, ns, not specified; HRmax, maximum heart rate; HR, heart rate, nr, not reported; CE, cycle ergometer; VO2max, maximum oxygen uptake, ICM, indirect calorimeter; DLW, double labeled water; COPD, chronic obstructive
pulmonary disease; NW, Nordic walking; ACC, accelerometer; W, walking; VO2peak, peak oxygen uptake; PMP, post-menopausal; DL, dyslipidemia; RUN, running; PRW. a-dindicate the individual analysis within a study.

Van Etten (1997)
Combined AT+RT

Turner (2010)
Resistance training (RT)
Hunter (2000)
Rangan (2011) b

Morio (1998)
Rangan (2011) a

Hollowell (2009) d

Hollowell (2009) c

Hollowell (2009) b

48

51

14 (64)

Hollowell (2009) a

35
11
62
41
66

Age
(years)

55 (0)
10 (100)
60 (45)
13 (77)
11 (55)

n
(% men)

Description of studies reporting on the effect of exercise on total energy expenditure

Aerobic training (AT)
Barwell (2009)
Blaak (1992)
Breyer (2010)
Colley (2010)
Goran (1992)

Table 3.
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intensity and high-volume aerobic training group was associated with increased
total energy expenditure, while no change in total energy expenditure was found
in the other two groups with lower intensity and/or volume compared to the nonexercise control group. In addition, in the study by Meijer et al. (1991) the effect of
a running intervention was found to increase total energy expenditure only among
men, whereas among women no change in total energy expenditure was found. It
has also been shown that physical activity and/or total energy expenditure
increases after resistance training interventions (Campbell et al., 1994; Ades et al.,
2005).
It is difficult to compare these studies directly due to the differences in
subjects’ characteristics, applied measurements, prescribed exercise doses, and
duration of the interventions. The duration of intervention, however, seems to be
systematically shorter in 5 studies reporting compensatory behavior (mean 10.0
weeks, SD 2.8) than in 6 studies providing evidence for no compensation (mean
25.8 weeks, SD 12.0). This could suggest that longer interventions are required to
balance out the extra load of the exercise intervention and the development of new
daily energy expenditure level (Hollowell et al., 2009; Pedersen et al., 2012).
Inconsistently, one 60 min session of walking on a treadmill with a speed of 6
km/hour with or without 5 min intervals with 10% grade has been found not to
induce decrease in non-exercise energy expenditure in the following days
(Alahmadi et al., 2011). It could also be that the proportion of time measured
during the intervention may have affected the results. It can be argued that the
higher the proportion measured from the total intervention duration, the more
accurate are the estimates of change in physical activity energy expenditure. The
average proportion of intervention measured among the studies that found
compensatory decrease in non-exercise energy expenditure was almost twice as
high (mean 18 %, SD 5) compared to the studies that demonstrated increase in
total physical activity without related compensation (mean 9%, SD 8).
The aforementioned studies are limited to the measurement of total energy
expenditure and energy balance aspects of physical activity, and no studies exist
that have investigated the effect of exercise on both the physiological (intensity
and volume) and behavioral aspects of physical activity. In addition, the energy
expenditure measurements have included only a relatively small portion of the
intervention. Thus, the assumption of consistency of physical activity of subjects
throughout the intervention has to be made and taken into consideration when
interpreting the results. It is also important to consider whether the predisposition
to compensate is similar between those who have clinical condition and those who
are healthy. In a previous review on subjects with COPD, the exercise had only a
small effect on the physical activity (walking time increased aproximately 5
min·day-1) (Cindy Ng et al., 2012). It has been also suggested that biological
control of body homeostasis could drive compensation behavior (Rowland, 1998).
The evidence, largely those studies summarized in the Table 3, concerning this
ActivityStat hypothesis, which suggests that physical activity level has an tendency
to remain stable, is however inconsistent and future studies are required
(Gomersall et al., 2013).
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Figure 6. Theoretical model of physical activity measurements and analysis. NEAT, non-exercise
activity thermogenesis, AA, activity time, EXE, exercise, LTPA, leisure-time physical activity;
CPA, commuting physical activity; OPA, occupational physical activity; MHPA, miscellaneous
home physical activity.

The theoretical model of physical activity measurement and analysis described
in Figure 6 demonstrates the independency of the physiological determinants of
physical activity from physical activity categories, and relative importance of
exercise and non-exercise physical activity in determining the change in outcomes.
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2.3 PHYSICAL ACTIVITY AND PREVENTION OF TYPE 2
DIABETES
2.3.1 TYPE 2 DIABETES, IFG, AND IGT
Type 2 diabetes is a metabolic disorder associated with chronically elevated blood
glucose levels due to several metabolic factors, including insulin resistance and
relative insulin deficiency. There are no specific diagnostic criteria for type 2
diabetes. According to the definitions by WHO, the diagnosis of diabetes can be
based on elevated fasting plasma glucose (≥7.0 mmol·l-1), plasma glucose after a
75-gram standard 2-hour glucose tolerance test (≥11.1 mmol·l-1), or glycated
haemoglobin (HbA1c ≥ 6.5%). Plasma glucose levels below the diabetic threshold
have been referred to as a non-diabetic fasting value, impaired fasting glucose
(IFG, 6.1–6.9 mmol·l-1), or impaired glucose tolerance (IGT, 2-h value during an
OGTT 7.8–11.0 mmol·l-1). IFG and IGT are consifered prediabetic stages that
increase the risk of developing type 2 diabetes. In general, impaired glucose
regulation (IGR) has been used as a hypernym of type 2 diabetes, IGT, and IFG.
Elevated HbA1c, IGT, and IFG all increase the risk of developing type 2
diabetes. The risk of type 2 diabetes has been shown to increase exponentially with
HbA1c among Asian and Caucasian populations (Droumaguet et al., 2006; Sato et
al., 2009). In a prospective cohort study with a 3-year follow-up time, HbA1c was a
stronger predictor of the incidence of type 2 diabetes than BMI (Edelman et al.,
2004). In the Hoorn study, the Caucasian subjects with IFG (odds ratio, OR, 10.0;
95% confidence interval, CI, 6.1–16.5), IGT (OR, 10.9; 95% CI, 6.0: 19.9), and
especially those with both IFG and IGT (OR, 39.5; 95% CI, 17.0: 92.1) were at an
increased risk of developing type 2 diabetes (de Vegt et al., 2001). In Middle
Eastern populations the odds ratios for developing type 2 diabetes were 7.4
(95%CI, 3.6: 15.0) for subjects with IFG, 5.9 (95% CI, 4.2: 8.4) for IGT, and 42.2
(95% CI, 23.8: 74.9) for combined IFG and IGT (Harati et al., 2009). It has been
estimated that even up to 70% of subjects with IGT or IFG develop type 2 diabetes
during their lifetime (Nathan et al., 2007). In addition, elevated HbA1c, IFG, and
IGT all increase the risk of cardiovascular complications and mortality among
non-diabetic subjects (Gabir et al., 2000; Saydah et al., 2001; DECODE Study
Group, European Diabetes Epidemiology Group, 2003; Khaw et al., 2004).
Type 2 diabetes is caused by an interaction between genetic and environmental
factors, although the specific mechanisms remain unclear. Pathophysiological
consequences of type 2 diabetes include reduced insulin secretion from pancreatic
beta-cells, insulin resistance in muscles, liver and fat tissue, increased glucagon
secretion from pancreatic alpha cells, increased lipolysis, increased hepatic
glucose production, increased renal reabsorption of glucose, impaired incretin
effect, and dysfunction of neurotransmitters. The major adverse effects of type 2
diabetes, especially when untreated or poorly controlled, are increased mortality
and increased risk for co-morbidities, including microvascular complicatons (e.g.
retinopathy) and macrovascular complications (e.g. cardiovascular disease).
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Lifestyle changes, together with the population growth and ageing, have more
than doubled the worldwide incidence of diabetes in the past three decades
(Danaei et al., 2011). Recently, it has been estimated that approximately 10% (350
million) of adults worldwide are suffering from diabetes (Danaei et al., 2011;
Whiting et al., 2011) and the figure is estimated to increase by 51% by the year
2030 (Whiting et al., 2011). In Finland, the number of people with diabetes is
approximately 500 000 (Reunanen, 2006; Koski, 2011), of which 85% suffer from
type 2 diabetes (Sund and Koski, 2009). According to the latest estimates, the
prevalence of type 2 diabetes is 8% in Finnish men and 7% in Finnish women
(Peltonen et al., 2006).

2.3.2 RISK FACTORS FOR TYPE 2 DIABETES
The most important modifiable risk factors for type 2 diabetes are overweight or
obesity and physical inactivity. In addition, there are several other modifiable risk
factors, including smoking, dyslipidemia, hypertension (Gress et al., 2000),
depression (Eaton et al., 1996; Kawakami et al., 1999), psychosocial factors (e.g.
effort-reward imbalance) (Kumari et al., 2004), statin treatment, and
environmental toxins. The risk factors of type 2 diabetes can be divided into
modifiable and non-modifiable risk factors as listed in Table 4. In this chapter, the
epidemiological evidence of closely associated modifiable lifestyle related risk
factors, including obesity, inflammation, physical activity, cardiorespiratory
fitness, dietary intake, and sleep has been reviewed.
The link between the excess adiposity and insulin resistance has been
established in several studies (Joslin et al., 1936; Newburgh and Conn, 1939;
Karam et al., 1963; Bogardus et al., 1985). Studies with large samples have
reported a close relationship between the incidence of type 2 diabetes and body
mass index (BMI) (Knowler et al., 1981; Must et al., 1999; Wannamethee and
Shaper, 1999; Fox et al., 2006). In a study by Field et al. (2001), the 10-year risk of
developing type 2 diabetes was approximately 10 times higher in obese people
(BMI = 30.0–34.9 kg/m2) and 20 times higher in people with severe obesity (BMI
≥ 35.0 kg/m2) than in their lean counterparts. In addition, weight gain or weight
fluctuations have been shown to increase the risk of type 2 diabetes (Holbrook et
al., 1989; Colditz et al., 1990; Colditz et al., 1995; Ford et al., 1997; Wannamethee
and Shaper, 1999). According to a study by Wannamathee and Shaper, a weight
gain of ≥10% increased the risk of type 2 diabetes in initially lean (BMI < 25.0
kg/m2) or overweight (BMI 25–27.9 kg/m2) men, but not in initially obese (BMI ≥
28.0 kg/m2) men. It has also been shown that risk of developing type 2 diabetes
increases with the duration of overweight or obesity (Wannamethee and Shaper,
1999), thus weight gain in early adulthood may be especially hazardous
(Schienkiewitz et al., 2006). In addition to overall adiposity, the distribution of fat
may affect the risk of type 2 diabetes (Vague, 1947; Vague, 1956; Feldman et al.,
1969; Kissebah et al., 1982). In large studies, indicators of abdominal obesity,
including waist circumference, waist-to-hip ratio, or waist-to-height ratio have
been shown to be independent predictors of type 2 diabetes
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Table 4.

List of modifiable and non-modifiable risk factors for type 2 diabetes.

Modifiable risk factors
Overweight or obesity
Distribution of body fat
Waist circumference
Waist-to-hip ratio
Physical Inactivity
Lack of exercise
Sedentary occupation
Low cardiorespiratory fitness
Low musculoskeletal fitness
Sleep duration
Dietary factors
Refined carbohydrates
High fat low fiber diet
Alcohol consumption
Prediabetic condition
Elevated glycated haemoglobin
Impared glucose tolerance
Impaired fasting glucose
Chronic systemic low-grade inlammation
Low adiponectin level
Smoking
Hypertension
Dyslipidemia
Statin medication
Environmental toxins

Non-modifiable risk factors
Age
Family history of diabetes
Genetic factors
Race or ethnic background
Gestational diabetes
Low birth size
High birth size
Cardiovascular disease
Depression

!

(Kaye et al., 1991; Chan et al., 1994; Carey et al., 1997; Wang et al., 2005;
Meisinger et al., 2006; Huerta et al., 2013). The risk of type 2 diabetes is
substantially increased when both high levels of overall and central adiposity are
present (Kaye et al., 1991; Meisinger et al., 2006). According to recent metaanalyses of 15 studies by Kodama et al. (2012), the waist-to-height ratio and waist
circumference were stronger predictors of type 2 diabetes than BMI or waist-tohip ratio. The relative risk was, however, similar between the indicators (RR =
1.52–1.63) (Kodama et al., 2012). It has been suggested that chronic systemic lowgrade inflammation could explain the pathogenesis of metabolic and
cardiovascular complications in obesity. In obesity, the adipocyte enlargement has
been associated with greater recruitment of macrophages in adipose tissue
(Weisberg et al., 2003), proinflammatory changes in macrophages phenotype
(Wentworth et al., 2010), and increased secretion of proinflammatory cytokines
(Fried et al., 1998), especially in the visceral adipose tissue (Skurk et al., 2007).
Proinflammatory cytokines, possible triggers of low-grade inflammation,
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including tumor necrosis factor alpha (TNF-α) and interleukin 6 (IL-6), have been
shown to impair the sensitivity of the cells to insulin. In a case-control study by
Spranger et al. (2003) IL-6 was independently associated with an increased risk of
type 2 diabetes, although the interaction term between IL-6 and interleukin 1 beta
(IL-6 x IL-1β) increased the risk of type 2 diabetes even further. TNF-α was also an
independent predictor of type 2 diabetes but not after the model was further
adjusted for BMI and waist to hip ratio. In addition to adipose derived cytokines,
other inflammatory markers, e.g. high-sensitive C-reactive protein (hc-CRP), have
been shown to be independent predictors of type 2 diabetes (Spranger et al., 2003;
Rubio-Martin et al., 2013). In contrast, the adipose tissue of lean subjects has been
shown to secrete anti-inflammatory cytokines, such as adiponectin, that has been
shown to protect against the development of type 2 diabetes (Li et al., 2009).
Interestingly, it has been postulated that the subcutaneous fat tissue secretes
higher portion of anti-inflammatory cytokines, and thus it can have preventive
properties against type 2 diabetes (Fontana et al., 2007).
The association of active lifestyle and exercise in the prevention of diabetes was
observed by Indian physicians in the turn of the 20th century (Havelock C., 1907).
In 1916, Elliot Joslin noticed that exercise could have a role in the treatment of
diabetes, although his work concentrated almost exclusively on the effect of strict
diet and prolonged fasting (Joslin, 1916). In 1953, Morris and Heady reported that
all-cause mortality rates were inversely associated with physical demands of the
work among people with diabetes (Morris and Heady, 1953). Subsequently,
epidemiological evidence from Pacific populations has shown that the prevalence
of diabetes is lower in traditional rural areas than among westernized urban
populations (Zimmet, 1979). These early findings provided indirect evidence about
the beneficial effects of physical activity and other lifestyle factors on the
prevention of type 2 diabetes. This evidence was eventually supported by findings
from cross-sectional comparisons between populations and migration studies. The
early studies, however, did not clearly distinguish between type 1 and type 2
diabetes.
Migration of the Japanese to the Island of Hawaii has been shown to be
associated with decreased physical activity, dietary changes, and increased
prevalence of diabetes (Kawate et al., 1979). Zimmet et al. (1981) have found that
the prevalence of diabetes was almost three times lower in the rural population of
Western Samoa than among the urban population. In another study, it has been
reported that independently of the rural or urban living environment, the
prevalence of diabetes was higher among physically inactive compared to the
physically active (Taylor et al., 1984). King et al. (1984) have reported a higher
prevalence of type 2 diabetes among inactive and/or urban population compared
to the more active and/or rural populations. The associations, however, were not
consistent between different ethnic groups or sexes.
In the early 1990’s, the first prospective evidence established the independent
protective effect of physical activity on development of type 2 diabetes. Helmrich
et al. (1991) followed male alumni of the University of Pennsylvania from 1962 to
1976, and they found that the incidence of type 2 diabetes was inversely associated
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with baseline physical activity (mainly LTPA) energy expenditure. In the Nurses’
Health study, the incidence rate of type 2 diabetes was lower among women who
reported exercising at least once a week than among those who reported no such
activity (Manson et al., 1991). Similar findings have been reported among US male
physicians (Manson et al., 1992). Lynch et al. (1996) have reported that LTPA of at
least 40 minutes with an intensity of at least 5.5 MET reduces the risk of
developing type 2 diabetes in a population based sample of Eastern Finnish men.
Low cardiorespiratory fitness, as a surrogate measure of long-term daily
aerobic physical activity, has been shown to increase the risk of type 2 diabetes
(Wei et al., 1999; Sawada et al., 2003; Sawada et al., 2010a). In a prospective study
of 23 444 men, the 18-year incidence of type 2 diabetes was inversely associated
with cardiorespiratory fitness, even after the model was adjusted for other
established well-known risk factors of type 2 diabetes and self-reported physical
activity (Sieverdes et al., 2010). According to a study by Sui et al. (2008), higher
fitness reduced the risk of type 2 diabetes only among overweight or obese women,
whereas no protective effect was found among women with normal weight.
Moreover, the decrease in cardiorespiratory fitness during the 20-year follow-up
has been shown to increase the risk of type 2 diabetes, although the results were
attenuated among black men and women and white women, but not among white
men, after the model was adjusted for initial BMI (Carnethon et al., 2009).
Regular physical activity can also affect other bodily functions than
cardiorespiratory fitness, thus overall musculoskeletal fitness level could also have
protective properties against diabetes. Katzmarzyk et al. (2007) found that a
musculoskeletal fitness score that was based on the performance in sits-ups, pushups, grip strength, and trunk flexibility tests was an independent predictor of type
2 diabetes during a 15.5-year follow-up. In this study, however the model was not
adjusted for cardiorespiratory fitness or BMI. In the study by Sawada et al.
(2010b) the 15.4-year incidence of type 2 diabetes was not associated with the
musculoskeletal performance score after the model was adjusted for several risk
factors, including cardiorespiratory fitness and BMI. In their study, however, the
musculoskeletal fitness score was based on the performance in a vertical jump
test, a sit-up test, a side-step test for agility, and a functional reach test, which
differs substantially from that applied in the study by Katzmarzyk et al (2007).
High dietary intake of long-chain ω-3 fatty acids, trans fatty acids, cholesterol,
processed meats, eggs, rapidly absorbed carbohydrates; or low intake of whole
grain or cereal fiber has been associated with an increased risk of type 2 diabetes
(Meyer et al., 2001; Montonen et al., 2003; Schulze et al., 2004; Ericson et al.,
2013). The diabetes risk has been shown to reduce with the increased intake of
carbohydrates in expense of protein or polyunsaturated fatty acid intake (Schulze
et al., 2008). Likewise, replacing saturated fats with vegetable fats or
polyunsaturated fatty acids have been shown to decrease the diabetes risk (Meyer
et al., 2001). Moreover, the risk of type 2 diabetes is lower with dietary pattern
that favors fruits and vegetables over butter, potatoes, and whole milk (Montonen
et al., 2005). Schulze et al. (2005) have also proposed that dietary pattern that was
strongly associated with biomarkers of chronic inflammation, elevated the risk of
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type 2 diabetes. The diet pattern included high intake of sugar-sweetened soft
drinks, diet softs drinks, refined grains, and processed meats; and low intake of
wine, coffee, and vegetables. Regarding the intake, there seems to be also a Ushaped association between the alcohol consumption and the risk of type 2
diabetes (Carlsson et al., 2003). Like alcohol consumption, sleep duration has
been reported to have a U-shaped relationship with type 2 diabetes risk (Yaggi et
al., 2006). It has been also suggested that alcohol consumption worsens the Ushaped association between sleep duration and hyperglycemia (Kadono et al.,
2007).
Several large clinical trials have shown that lifestyle interventions, which are
planned to affect multiple modifiable risk factors at once, can reduce the
prevalence of type 2 diabetes. In the Swedish Malmö feasibility study, a 5-year
lifestyle intervention significantly decreased the risk of developing type 2 diabetes
in subjects with IGT (odds ratio, OR: 0.37, 95% CI 0.20: 0.68) (Eriksson, 1991). In
the Da Qing study (China), it was found that a 6-year exercise intervention with or
without diet intervention decreased the prevalence of type 2 diabetes in people
with IGT compared to a randomized control group (Pan et al., 1997). In the
Finnish Diabetes Prevention Study (FDPS), a randomized controlled trial (RCT)
with lifestyle intervention aimed to decrease body weight, decrease fat intake,
increase fiber intake, and increase moderate exercise, the risk of developing type 2
diabetes was reduced by 58% in overweight middle-aged subjects with IGT
(Tuomilehto et al., 2001). In addition, Laaksonen et al. (2005) have reported by
employing the data from FDPS that the change in hours spend in total LTPA after
adjusting for baseline LTPA, change in dietary intake, and change in body mass
index (BMI) was inversely associated with the risk of developing type 2 diabetes.
Similarly with FDPS, in the Diabetes Prevention Program (USA) a lifestyle
intervention was associated with a 58% reduction in the incidence of type 2
diabetes in subjects with elevated risk of developing type 2 diabetes (Knowler et
al., 2002). Interestingly, this reduction was higher than that found in the group
that was medically treated with metformin (31%). Based on this evidence, current
clinical guidelines state that the lifestyle changes aimed at increasing physical
activity, healthier diet and weight loss form a corner stone in the prevention and
treatment of type 2 diabetes. In the look action for health in diabetes (Look
AHEAD) study, the intensive lifestyle intervention did not reduce the risk of
cardiovascular mortality or morbidity in people with type 2 diabetes (hazard ratio
0.95, 95% CI, 0.83: 1.09) (Look AHEAD Research Group et al., 2013). This was
found albeit there was a significant decrease in body weigh, waist circumference,
and HbA1c, and significant increase in physical fitness (Look AHEAD Research
Group et al., 2013). These negative results could highlight the importance of the
prevention of type 2 diabetes. In addition, this type of lifestyle intervention can
have other health benefits as well that may be of importance for patients and for
society, including decrease in depression (Faulconbridge et al., 2012), incidence of
urinary incontinency (Phelan et al., 2012), and sleep apnea (Foster et al., 2009),
and increase in the quality of life (Williamson et al., 2009), physical functioning
(Foy et al., 2011), and mobility (Rejeski et al., 2012). The aforementioned lifestyle
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intervention studies, however, were unable to determine the independent effects
of exercise on the risk of type 2 diabetes, mortality, or morbidity.

2.3.3 THE INDEPENDENT EFFECTS OF EXERCISE ON RISK FACTORS OF
TYPE 2 DIABETES
Exercise, games, and sports have been part of the ancient civilizations, but it has
been thought that the major attribution to exercise physiology of the western
civilization has come from early Greek physicians, including Herodicus (5th
century BC), Hippocrates (460–377 BC) and especially Roman physician Galen
(131–201 AD) (Green, 1951; McArdle et al., 2007). In the 19th century, physical
exercises were applied systematically for rehabilitative purposes as a part of the
rising profession of physical therapy, as the 17th and 18th century anatomists had
laid the path for understanding the human function (Bakewell, 1997). In ancient
India, however, an Indian physician Susruta (or Sushruta, approximately 600 BC)
was probably the first to prescribe exercise, such as long walks, different sports,
and riding on a horse or an elephant, as a treatment for diseases including
diabetes (Tipton, 2008). Until the turn of the 19th century, some physicians
supported exercise as a treatment for diabetes, whereas some recommended
avoiding exercise at least in severe cases of diabetes (Allen et al., 1919). The real
effort to promote exercise as part of diabetes treatment was made and re-started
by a French pharmacist and hygienist Apollinaire Bouchardat in the mid 19th
century (Bouchardat, 1865). Eventually, Chaveou and Kaufman (1887)
experimentally proved the reduction of blood glucose levels with exercise, which
initiated the acceptance of exercise as a common treatment for diabetes. In the
early 20th century, before the insulin era, exercise was recommended as a
supplementary treatment for diabetes (Allen, 1915; Joslin, 1916; Allen et al., 1919;
Joslin, 1921). After the discovery of insulin, Lawrence (1926) found that exercise
could enhance the hypoglycemic effects of insulin.
Currently, at least 36 RCTs and 31 randomized comparative trials, and over 70
non-randomized studies have been conducted to investigate the independent longterm (non-acute) effect of exercise on risk factors of type 2 diabetes among people
with different levels of IGR. The details of 30 RCTs, with reasonably robust
statistics and reporting, that have investigated the effect of aerobic training,
resistance training, or combined aerobic and resistance training on common risk
factors of type 2 diabetes have been described in Tables 5 and 6. Altogether 20 out
of the 30 RCTs investigated the effect of aerobic only intervention, 8 of them
studied the resistance training only interventions, and 11 of them focused on the
combined aerobic and resistance training interventions. Thus, 30 RCTs equaled
39 comparisons between the exercise intervention group and control groups
(Table 5). The average portion of the RCTs reporting an improvement in outcome
per risk factor was 25%. This figure was higher among the 15 largest studies (31%)
compared to the RCTs with smaller sample sizes (22%). Interestingly, an
improvement in risk factors was more frequently reported after combined aerobic
and resistance intervention (29%) than after aerobic only intervention (22%) or
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10 (50)
20 (35)
17 (29)
72 (38)
73 (41)
76 (36)

37 (32)
9 (0)

10 (0)

9 (0)
14 (78)

12 (66)
51 (65)

63 (59)

C
RT
C
AT
RT
AT+RT

C
AT

AT+RT

C
AT

C
AT+RT

C

Desch (2010) a

Dobrosielski (2012)
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Cuff (2003)

Church (2010)
Swift (2012)

Cheung (2009)

Castaneda (2002)
Brooks (2007)
Cauza (2006)

Boudou (2003)

Baker (2010)a

n (% men)
15 (nr)
15 (nr)
19 (47)
9 (11)
8 (100)
8 (100)
29 (32)
31 (39)
10 (50)

Group
AT
C
AT
C
AT
C
RT
C
AT+RT

Study
Araiza (2006)

56.0

62.3
57.0

60.0
62.3

63.4

58.6
59.4

56.9
59.0
62.0
53.7
56.9
55.4

Age,
years
49.0
51.0
71.0
66.0
42.9
47.9
66.0
66.0
57.1

33.6

31.3
33.0

36.7
29.8

33.3

34.8
32.5

32.9
39.7
37.7
34.7
34.1
35.8

BMI,
kg/m2
30.0
33.5
30.6
30.1
28.3
30.9
30.9
31.2
32.4

nr

na
nr

4.7
na

3.7

7.2
3.2

9.7
nr
nr
7.4
7.2
6.7

T2D,
years
>1
>1
na
na
<10
<10
8.0
11.0
9.1
Walking
Standard care
Treadmill, cycle ergometer, elliptical trainer
Streching balance training
nr
Cycle ergometer
5 exercises x 3 sets x 8 repetitions
Standard care
AT: cycle ergometer
RT: 6 exercises x 1 sets x 10–15 repetitions
Standard care
7 exercises x 2 sets x 12 repetitions
nr
nr
9 exercises x 2–3 sets x 10–12 repetitions
AT: nr
RT: 9 exercices x 1 sets x 10–12 repetitions
Standard care + streching + relaxation
Treadmill, cycle ergometer, stepper, elliptical trainer, rowing
Low-impact aerobic movements
Treadmill, cycle ergometer, stepper, elliptical trainer, rowing
RT: 5 exercises x 2 sets x 12 repetitions
Standard care
AT: cycle ergometer
ns
Standard care
AT: treadmill, cycle ergometer, stepper
RT: 7 exercises x 2 sets x 10–15 repetitions
Standard care

Type
nr
na
75–85%HR max
≤50%HR max
75–50+85%VO 2peak
30 Watts
60–80%RM
na
60%VO 2peak
10-15RM
na
12RM
na
50–80%VO 2max
nr
50–80%VO 2max
12RM
nr
60–75%HRR
0.1 kcal/kg/min
60–75%HRR
nr
na
75%HR max
nr
na
60–90%HR max
50%RM
na

Intervention
Intensity
≥5
na
4
4
3
1
3
na
3
3
na
5
na
nr
3
nr
2
1
3 (total)
na
3 (total)
na
na
7
2
na
3 (total)
na
na

Frequency

75 (total)
na
na
30
90
na
45 (total)
na
na

75 (total)
na

10 000 s/d
na
45-60
45-60
45
20
45
na
20
40
na
40
na
12 kcal/kg/wk
nr
10 kcal/kg/wk
nr
nr

min / session

16 wk
6 mo
6 mo
6 mo
26 wk
26 wk
26 wk

16 wk

6 wk
6 wk
6 mo
6 mo
8 wk
8 wk
16 wk
16 wk
4 mo
4 mo
4 mo
4 mo
4 mo
9 mo
9 mo
9 mo
9 mo
9 mo
16 wk

Duration

Table 5. Description of randomized controlled trials on the effect of aerobic, resistance, or combined training on the risk factors of type 2 diabetes among people
with impaired glucose regulation.
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Loimaala (2003)
Loimaala (2007)
Loimaala ( 2009)

Lambers (2008)

Ku (2010)

Krousel-Wood (2008)

Kadoglou (2010)

Kadoglou (2007)

Hordern (2008)

Gram (2010)

Gordon (2008)

Fritz (2013) a

Study
Fritz (2013)

Continues

!

n (% men)
20 (65)
30 (67)
14 (38)
21 (48)
77 (19.5)
77 (9.5)
22 (45)
24 (58)

22 (59)
68 (53)

64 (53)
30 (43)
30 (40)
23 (35)
24 (29)
37 (32)*
39 (32)*
15 (0)
13 (0)
16 (0)
18 (89)
17 (41)

11 (55)
24 (100)

25 (100)

Group
AT
C
AT
C
AT
C
AT
AT+RT

C
AT+RT

C
AT
C
AT
C
AT+RT
C
AT
RT
C
AT
AT+RT

C
AT+RT

C

54.0

57.5
53.6

65.8
59.3
63.8
56.8
60.3
56.6*
56.6*
55.7
55.7
57.8
52.2
55.8

61.0
57.1

Age,
years
61.4
61.0
59.1
61.8
63.9
63.6
62.0
59.0

29.8

30.4
29.3

30.9
32.1
31.9
31.7
31.3
38.2
37.0
27.1
27.1
27.4
30.9
28.9

32.8
32.3

BMI,
kg/m2
31.7
31.1
32.0
30.8
nr
nr
31.4
32.4

<3

nr
<3

4.0
6.9
6.7
6.5
7.8
nr
nr
6.6
5.7
5.8
nr
nr

>1
5.0

T2D,
years
5.1
5.1
na
na
1–10
1–10
>1
>1
Type
Nordic walking
Standard care
Nordic walking
Standard care
Walking, streching, dancing, games,
Standard care
Nordic walking
AT: ns
RT: 5 exercises x sets nr xrepetitions nr
Standard care
AT: not specified
RT: exercise nr x 2–3 sets x 12–15 repetitions
Standard care
Walking, running, cycle ergometer, calisthenics
Standard care
Walking + promoted to increase LTPA
Standard care
nr
Standard care
General exercise, not specified
10 exercises x 3 sets x 15–20 repetitions
Standard care
Treadmill, cycle ergometer, stepper
AT: Treadmill, cycle ergometer, stepper
RT: 4 exercises x 3 sets x 10-15 repetitions
Standard care
AT: Jogging, walking
RT: 8 exercises x 3 sets x 10–12 repetitions
Standard care

Intervention
Intensity
SSOB, P
na
SSOB, P
na
8–10 RPE
na
>40%VO 2max
>40%VO 2max
13-14 RPE
na
12–13 RPE
12–15RM
na
50–75%VO 2peak
na
50–70%VO 2peak
na
3–6 MET
150 min/wk
3.6–5.2 MET
40–50%MEC
na
60–85%HRR
60–85%HRR
60–85%1RM
na
65–75%VO 2max
70–80%1RM
na
≥4
na
5 (total)
na
5
5
na
3
3 (total)
na
na
2
2
na

Frequency
nr
na
nr
na
4–5
na
1–2
1–2 (total)
na
na
2 (total)
na
na
4
na

≥30
≥30
na

min / session
5 h/wk
na
5 h/wk
na
60–120
na
45
45 (total)
na
na
60–90 (total)
na
na
45–60
na
30–60
na
10–30 (total)
na
60
nr
na
60
30
20
na

12 wk
12 mo
12 mo
12 mo

4 wk
6 mo
6 mo
16 wk
16 wk
3 mo
4 mo
12 wk
12 wk
12 wk
12 wk
12 wk

4 mo
4 wk

Duration
4 mo
4 mo
4 mo
4 mo
24 wk
24 wk
4 mo
4 mo
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63 (65)
24 (50)
23 (61)
75 (0)
74 (0)
32 (62)
29 (62)
29 (69)
29 (59)

12 (33)
27 (29)
21 (38)
60 (65)
64 (63)
64 (43)

C
RT
C
AT
RT
AT+RT

C
AT
C
AT
C
AT+RT
C
AT
C

n (% men)
10 (0)
6 (0)
22 (54)*
30 (54)*
11 (45)
10 (40)
10 (40)

Group
RT
C
AT
C
AT
RT
AT+RT

54.8
52.8
52.5
55
55.0
54.3
51.3
66.0
65.0

53.4
55.0
54.0
53.9
54.7
53.5

Age,
years
56.3
53.2
61.8
64.6
52.0
54.1
57.9

35.0
34.1
32.5
33
33.7
31.6
35.2
28.7
29.8

30.0
35.0
36.0
35.6
34.1
35.0

BMI,
kg/m2
28.5
32.2
31.8
29.9
29.3
31.3
31.2

5.0
>3 mo
>3 mo
nr
nr
nr
nr
nr
nr

5.3
nr
nr
5.1
6.1
5.2

T2D,
years
na
na
3.8
4.9
5.5
7.7
7.3
Type
Eccentric
Standard care
ns
Standard care
Cycle ergometer
7 exercises x 2–4 steps x 10 repetitions
AT: Cycle ergometer
RT: 7 exercises x 1–2 steps x 15 repetitions
Streching
8 exercises x 2–3 sets x 8–12 repetitions
Standard care
Treadmill, cycle ergometer
7 exercises x 2–3 sets x 7–9 repetitions
AT: Treadmill, cycle ergometer
RT: 7 exercises x 2-3 sets x 7–9 repetitions
Standard care
Walking
Standard care
Walking
Relaxations
not specified
Standard care
Walking
Standard care
50%1RM
nr
50–85%RM
na
60–75%HR max
7–9RM
60–75%HR max
7–9RM
na
nr
na
12–14 RPE
na
moderate
na
nr
na

Intervention
Intensity
7–13 RPE
na
70–80%HRR
na
LT
50%1RM

3
3
na
3
3
3
3
na
nr
na
nr
na
3
na
nr
na

Frequency
3
na
3
na
3
3
3 (total)

min / session
5–30
na
30
na
20–50
60
10–25
nr
nr
nr
na
15–45
nr
15–45
nr
na
nr
na
10–45
na
>160 min/wk (total)
na
6000 or 9000 s/d
na

12 wk
16 wk
16 wk
6 mo
6 mo
6 mo
6 mo
6 mo
16 wk
16 wk
12 wk
12 wk
24 mo
24 mo
12 mo
12 mo

Duration
12 wk
12 wk
6 mo
6 mo
12 wk
12 wk
12 wk

!

Subjects have type 2 diabetes unless otherwise stated. BMI, body mass index; T2D, type 2 diabetes; AT, aerobic training; nr, not reported; s/d, steps per day; C, control; na, not applicable; HRmax, maximum heart rate;VO2peak, peak
oxygen uptake; RT, resistance training; RM, repetition maximum; AT+RT, combined aerobic and resistance training; VO2max, maximum oxygen uptake; HRR, heart rate reserve; LIAM, low-impact aerobic movement; SSOB, slight
shortness of breath; P, perspiration; RPE; rating of perceived exertion; LTPA, leisure-time physical activity; MET, metabolic equivalent; MEC, maximum exercise capacity; LT, lactate threshold. a Subjects have impaired glucose
tolerance, * Values are mean of all study participants.

Yates (2009)a
Yates (2010)

Wisse (2010)

Van Rooijen (2004)

Tudor-Locke (2004)

Sigal (2007)
Jennings (2009)

Plotnikoff (2010)

Oliveira (2012)

Middlebrook (2006)

Study
Marcus (2009) a
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HbA1c, glycated haemoglobin; FPG, fasting plasma glucose, 2 h-G, 2-hour glucose; FPI, fasting plasma insulin; HOMA, homeostasis model assessment insulin resistance; IR, insulin resistance; hs-CRP, high-sensitive C reactive
protein; APN, adiponectin; TNF-α, tumor necrosis factors alpha; g-GT, gamma glutamyltransferase, IL-6, interleukin 6; RBP4, retinol binding protein 4; HDL, high-density lipoprotein, LDL; low-density lipoprotein, TC, total cholesterol; TG,
triglycerides; SBP, systolic blood pressure, DBP, diastolic blood pressure; BMI, body mass index; BW, body weight; FM, fat mass; LBM, lean body mass; WC, waist circumference; VAT, visceral adipose tissue; VO2max, maximum oxygen
uptake; 6-WT, 6 min walk test; EI, energy intake; PA, physical activity; ASAT, abdominal subcutaneous adipose tissue; SAT, subcutaneous adipose tissue; TAT, total adipose tissue; PF, physical functioning. *among 5 largest studies,
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The effect of exercise training on the risk factors of type 2 diabetes in subjects with impaired glucose regulation.

Aerobic training (AT)
Gordon (2008)*
Van Rooijen (2004)*
Sigal (2007), Jennings (2009)*
Church (2010), Swift (2012)*
Kadoglou (2007)*
Araiza (2006)
Baker (2010)
Boudou (2003)
Cuff (2003)
Desch (2010)
Fritz (2013)
Fritz (2013) a
Gram (2010)
Kadoglou (2010)
Ku (2010)
Lambers (2008)
Middlebrook (2006)
Oliveira (2012)
Tudor-Locke (2004)
Yates (2009, 2010)
Resistance training (RT)
Sigal (2007), Jennings (2009)*
Church (2010), Swift (2012)*
Castaneda (2002), Brooks (2007)*
Plotnikoff (2010)*
Cheung (2009)*
Ku (2010)
Marcus (2009)
Oliveira (2012)
Combined (AT+RT)
Hordern (2008)*
Dobrosielski (2012)*
Church (2010), Swift (2012)*
Krousel-Wood (2008)*
Wisse (2010)*
Cauza (2006) after intervention
Cuff (2003)
Gram (2010)
Lambers (2008)
Loimaala (2003, 2007, 2009)
Oliveira (2012)

Table 6.
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resistance training only intervention (23%).
The effects of exercise on chronic hyperglycaemia have been investigated in
most of the RCTs. Both aerobic (AT) and resistance training (RT) have been
shown to decrease HbA1c in people with type 2 diabetes (Castaneda et al., 2002;
Sigal et al., 2007; Kadoglou et al., 2007; Kadoglou et al., 2010; Fritz et al., 2013).
Current evidence indicates, however, that the combined training induces greater
changes in HbA1c compared to aerobic or resistance training alone (Sigal et al.,
2007; Church et al., 2010). Church et al. (2010) found that when the total duration
of exercise was kept similar across groups and the volume of aerobic exercises at
the level of current clinical guidelines, the combined training decreased HbA1c
0.34%-point compared to the control group, whereas no change was detected after
solely aerobic or resistance training interventions. According to Sigal et al. (2007),
combined training induced additional 0.46 and 0.59%-point decrease in HbA1c
compared to the aerobic or resistance training alone, respectively. In their study,
however, the combined training intervention included full aerobic and resistance
training programs, thus increasing the exercise dose substantially compared to the
only aerobic or resistance training intervention. This difference in dose could also
explain the marked difference in the total decrease in HbA1c level compared to the
study by Church et al. (2010), in which the doses were almost equal between the
groups. Combined training has also been shown to prevent worsening of the HbA1c
levels (Dobrosielski et al., 2012). The mean decrease reported in the HbA1c after
exercise intervention seems to vary from approximately 0.3%-point (Church et al.,
2010) to around 1.0%-point (Loimaala et al., 2003; Sigal et al., 2007). In some
previous studies, exercise induced no significant decrease in HbA1c compared to
the control group, although the changes within the groups were significant (van
Rooijen et al., 2004). While in other studies, no change in HbA1c was detected
(Araiza et al., 2006; Krousel-Wood et al., 2008; Cheung et al., 2009; Desch, 2010;
Ku et al., 2010; Wisse et al., 2010; Gram et al., 2010). Altogether, 32% of the
studies have reported a significant decrease in HbA1c compared to the control
group.
Four RCTs with aerobic exercise intervention (Kadoglou et al., 2007; Gordon et
al., 2008; Yates et al., 2009; Kadoglou et al., 2010) and one study with combined
exercise intervention (Cauza et al., 2006) have shown positive effects on fasting
glucose. None of the 6 RCTs with only resistance training intervention reported
significant decreases in fasting glucose levels (Castaneda et al., 2002; Marcus et
al., 2009; Church et al., 2010; Plotnikoff et al., 2010; Ku et al., 2010; de Oliveira et
al., 2012). Four studies have investigated the effect of exercise on glucose levels 2hours after oral glucose tolerance test (Tudor-Locke et al., 2004; Yates et al.,
2009; Desch, 2010; Fritz et al., 2013). Among those, only the study by Yates et al.
(2009) reported significant decrease in the 2-h post challenge glucose levels
compared to the control group. In their study, subjects with IGT were promoted to
increase their walking activity with and without pedometer. In the pedometer
group the change in 2-h glucose was 1.31%-point, whereas in the group without
pedometer the decrease was only 0.34%-point.
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Exercise has also been shown to reduce insulin levels after aerobic (Kadoglou et
al., 2007; Desch, 2010) and resistance training intervention (Plotnikoff et al.,
2010), but not after combined training intervention (Hordern et al., 2008; Church
et al., 2010). The effect of exercise on insulin resistance estimated either by using
homeostasis model assessment for insulin resistance (HOMA-IR) or with the
clamp methods, has been inconsistent. Improved insulin sensitivity has been
reported in 38% of the studies using HOMA-IR (Kadoglou et al., 2007; Brooks et
al., 2007; Desch, 2010) or clamp methods (Boudou et al., 2003; Cuff et al., 2003;
Baker et al., 2010). According to a recent review, it has been suggested that
different types of physical exercise intervention, including aerobic, resistance, or
high-intensity training (HIT), could all have beneficial effects on insulin
resistance, although the authors concluded that large scale RCTs are still required
(Roberts et al., 2013).
Few previous RCTs have also investigated the effect of exercise on adiponectin
levels and inflammatory markers. Only one study has reported an increase in
circulating adiponectin after resistance training intervention, which indicates that
exercise could have anti-inflammatory effects (Brooks et al., 2007). Several studies
have also reported a decrease in inflammatory markers, including hc-CRP or CRP
(Kadoglou et al., 2007; Brooks et al., 2007; Kadoglou et al., 2010), leptin
(Loimaala et al., 2009; Kadoglou et al., 2010), and retinol binding protein 4
(RBP4) (Ku et al., 2010). None of the RCTs, however, reported a significant
decrease in TNF-α (Kadoglou et al., 2010), IL-6 (Middlebrooke et al., 2006; Yates
et al., 2010), or gamma-glutamyl transpeptidase (γ-GT) (de Oliveira et al., 2012).
Like cytokines, the evidence about the beneficial effects of exercise on highdensity lipoprotein (HDL) cholesterol and low-density lipoprotein (LDL)
cholesterol concentrations has been inconsistent. According to Kadoglou et al.
(2007) 6 month aerobic training for 45–60 minutes 4 times a week with an
intensity of 50–75% of VO2max, increased HDL and decreased LDL. Resistance
training has also been shown to increase HDL in one study (Plotnikoff et al.,
2010), while no change has been detected in LDL (Castaneda et al., 2002; Sigal et
al., 2007; Plotnikoff et al., 2010; de Oliveira et al., 2012). In contrast, combined
aerobic and resistance training intervention has been found to reduce LDL in two
RCTs (Cauza et al., 2006; Gram et al., 2010), but no changes have been reported
in HDL (Table 6).
Approximately one third of all the RCTs (26%) have reported a decreased total
cholesterol level after aerobic training and combined training interventions (Cauza
et al., 2006; Kadoglou et al., 2007; Gordon et al., 2008; Lambers et al., 2008;
Kadoglou et al., 2010; Fritz et al., 2013). The effect of resistance training alone on
total cholesterol has been studied only in one of the RCTs. In their study Oliveira
et al. (2012) found no change in total cholesterol after 12 weeks of resistance
training three times a week for 60 minutes with the intensity of 50% of one
repetition maximum (1RM). Regarding blood lipids, triglycerides decreased after
combined training (Cauza et al., 2006; Hordern et al., 2008), whereas no effect
has been reported after aerobic or resistance training alone (Table 6).
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Systolic blood pressure has been shown to decrease with aerobic training
(Gordon et al., 2008), resistance training (Castaneda et al., 2002), and combined
training (Loimaala et al., 2003). These studies, however, include only 17% of all
RCTs that have investigated the effect of exercise on systolic blood pressure. In
addition, Kadoglou et al (2010) have reported a decrease in the diastolic blood
pressure after 16 weeks of walking at least 4 times a week for 30–60 minutes with
an intensity of 50–70%VO2peak. No such effect has, however, been reported in any
of the other 20 RCTs (Table 6) investigating diastolic blood pressure.
Tremendous amount of studies have investigated the effect of exercise on body
composition and obesity. Only in 3 of the 30 RCTs that have been summarized in
Table 5 and 6 had no measures of excess body weight (Cauza et al., 2006; Gordon
et al., 2008; Marcus et al., 2009). In all other studies, at least one indicator of
excess body weight has been reported. Aerobic training is effective in decreasing
total body weight (Cuff et al., 2003; Sigal et al., 2007; Ku et al., 2010), total body
fat mass (Sigal et al., 2007; Gram et al., 2010), abdominal fat (Sigal et al., 2007;
Church et al., 2010), and visceral fat (Boudou et al., 2003), without inducing
significant increase in lean body mass (Sigal et al., 2007; Church et al., 2010).
Resistance training on the other hand has been found to increase lean body mass
(Castaneda et al., 2002) and decrease total body fat mass, abdominal fat (Church
et al., 2010), or visceral fat (Ku et al., 2010), without significant reduction in body
weight (Castaneda et al., 2002; Church et al., 2010; Ku et al., 2010). As can be
expected, combined training could reduce body weight (Cuff et al., 2003; Hordern
et al., 2008; Church et al., 2010; Dobrosielski et al., 2012), total body fat (Church
et al., 2010; Dobrosielski et al., 2012), and central obesity (Church et al., 2010),
while increasing lean body mass (Dobrosielski et al., 2012). These findings should
be considered as general trends, as the evidence about the independent effect of
exercise on body composition or excess adiposity is relatively inconsistent.
Physical capacity has been shown to increase with aerobic training (van
Rooijen et al., 2004; Kadoglou et al., 2007; Jennings et al., 2009; Baker et al.,
2010; Kadoglou et al., 2010; de Oliveira et al., 2012) and combined training
(Loimaala et al., 2003; Hordern et al., 2008; Church et al., 2010; Dobrosielski et
al., 2012), but not with resistance training only intervention (Jennings et al.,
2009; Church et al., 2010; de Oliveira et al., 2012). Of all aerobic and combined
exercise intervention studies, 43% have reported an improved VO2max or VO2peak
after the intervention compared to the control group. In the previous metaanalysis of nine RCTs, it has been suggested that exercise induces approximately a
10% increase in VO2max compared to the control group (Boule et al., 2003).
Aerobic training (van Rooijen et al., 2004), resistance training (Marcus et al.,
2009), and combined training (Lambers et al., 2008) have also consistently been
shown to improve walking distance during a 6-minute walk test.
The effects of exercise on physical activity and dietary intake, which are the
potential confounders of exercise response, have been studied in several RCTs. As
shown in Table 6, none of the studies has detected a systematic change in dietary
intake during the exercise intervention, although individual changes in dietary
intake have been observed. The evidence related to physical activity has however
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been more inconsistent, possibly due to the variety of methods applied to measure
physical activity. Sigal et al. (2007) reported that daily number of steps measured
by pedometer did not change substantially in an aerobic, resistance, combined
training groups or in the control group. Similar results have also been reported in
other previous RCTs (Krousel-Wood et al., 2008; Church et al., 2010). It has also
been found that promoting subjects to increase their daily physical activity
(Tudor-Locke et al., 2004) or walking activity (Araiza et al., 2006; Yates et al.,
2009) significantly increased the number of daily steps. In the study by Araiza et
al. (2006), there were no changes in daily steps in a control group, whereas in the
study by Tudor-Locke et al. (2004), controls significantly decreased the number of
daily steps. Yates et al. (2009) have reported an increased self-reported volume
(MET-minutes) of walking activity and moderate/vigorous activity compared to
the control group after a pragmatic programme aimed to increase walking activity.
A resistance training program has been shown to increase the energy expenditure
of self-reported LTPA and household physical activity, which did not include the
physical activity related to training, compared to the control group (Castaneda et
al., 2002). In contrast, Wisse et al. (2010) have found that the prescription of
physical activity did not increase the self-reported volume (METh) of OPA or
LTPA during the 2-year follow-up compared to the control group. In addition,
Marcus et al. (2009) reported no change in daily steps after eccentric resistance
training compared to the control group, in spite of the large within the group
change. Furthermore, Fritz et al. (2013) have found that the number of subjects
that reported taking high intensity activities increased among subjects with type 2
diabetes but not among subjects with IGT after a 4-month Nordic walking
intervention.

2.4 SUMMARY OF PREVIOUS RESEARCH
Physical activity, which includes both the behavioral and physiological aspects of
all daily movements, has been directly associated with a decreased risk of type 2
diabetes and other NCDs, albeit it may be less effective in decreasing the mortality
or morbidity rates. The growing westernization of human population, including
overnutrition, mechanical and technological advances, which have been suggested
to decrease the dose of daily physical activity, has been proposed to be a driving
force of worldwide rise in NCDs. To prevent the progression of type 2 diabetes,
different types of exercise interventions have been recommended. The excess
physical activity provided by exercise intervention may, however, result in
decreased non-exercise physical activity, which could reduce the response to
training. Although the effects of exercise on risk factors have been widely studied,
the evidence from RCTs is somewhat inconsistent. Thus, the effects of exercise
intervention on the dose of daily total physical activity and its subcategories and
on the risk factors of type 2 diabetes remain to be determined.
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3

AIMS OF THE STUDY

The general aims of this study were 1) to investigate the possibilities of structured
exercise interventions to change total physical activity and its subcategories in
respect to health and performance, and 2) to investigate the effect of structured
exercise intervention on the risk factors for type 2 diabetes.
Specific aims of this study were as follows:
1

To determine the effect of in-patient physical rehabilitation intervention on the
intensity and volume of total physical activity and its subcategories (I).

2

To determine the effect of structured Nordic walking (NW) and power type
resistance training (RT) interventions on the intensity and volume of total
physical activity and its subcategories (II).

3

To determine the intensity and volume of a 12-week NW and power type RT in
relation to non-structured LTPA (III).

4

To determine the effect of NW and power-type RT on glucose control, liver
enzymes metabolism, adipokines, body composition (IV), and physical capacity
(IV and Wasenius et al. unpublished observation) in overweight or obese men
with IGR.

5

To determine the effect of intensity and volume of non-structured LTPA on
body composition and physical capacity responses to structured NW,
structured power-type RT, and non-exercise control intervention (Wasenius et
al. unpublished observation).
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MATERIALS AND METHODS

This doctoral dissertation includes one cross-sectional study on subjects with
chronic neck pain (I) and three studies from the randomized controlled Nordic
walking and strength exercise program (NOWASTEP) trial including subjects with
increased risk for type 2 diabetes (II–IV). In addition, some unpublished
observations based on the NOWASTEP study sample are reported. The ethical
committee of University of Jyväskylä (I) and the ethical committee of Hospital
District of Helsinki and Uusimaa in Finland (II–IV) approved the study protocols.
All subjects gave their written informed consent prior to the study (I–IV).

4.1 STUDY DESIGN AND SUBJECTS IN STUDY I
In this cross-sectional study, subjects with chronic neck pain were recruited from
two 13-day multidisciplinary institutional inpatient neck rehabilitation programs
conducted in Peurunka Rehabilitation Center (Laukaa, Finland) between March
2006 and June 2006. This population provided an exceptional chance to
investigate the change in physical activity when the normal daily surroundings are
replaced with an environment and surroundings that provides time and
opportunities to be physically active. The inclusion criteria for the rehabilitation
program were chronic neck or shoulder pain (>3 months), symptoms that
repeatedly decreased their ability to work or function, work related physical
overload or ergonomic issues, psychological stress, or radiating symptoms in
upper arm as defined by the Social Insurance Institution of Finland (KELA). One
woman was unwilling to participate in the study, thus 19 out of 20 eligible subjects
(16 women, 3 men) were included in the study. No significant differences were
found in the baseline characteristics between the men and the women (Table 7).
The eligibility of the subjects was determined by the authorities (KELA) based on
the individual applications and a recommendation from a treating physician.

4.2 STUDY DESIGN AND SUBJECTS IN STUDIES II–IV
A randomized controlled trial with two exercise groups and a non-exercising
control group was conducted in two cities located in southern Finland (Helsinki
and Turku) between November 2007 and December 2009. Altogether 144
overweight or obese middle-aged men with impaired glucose regulation were
recruited. The recruitment was performed through newspaper advertisements and
occupational health care centres. The eligible subjects, who fulfilled the following
criteria; male, age 40–65 years, BMI 25.0–34.9 kg/m2, increased risk for
developing type 2 diabetes (>12 points on the Finnish diabetes risk test), passed
medical examination, IFG (fasting plasma glucose 6.1–6.9 mmol·l-1) and/or IGT (2

!

56!

!
Table 7.

Subject characteristics (I–IV).

Characteristics
Study I
Women (n = 16)
Men (n = 3)
Study II
Nordic walking (n = 7)
Resistance training (n = 8)
Control (n = 8)
Study III and IV
Nordic walking group (n = 39)
Resistance training group (n = 36)
Control group (n = 40)

Age
(years)

BMI
(kg/m 2 )

Fat percent
VO2max
(%)a,b
(ml·kg -1 ·min -1 ) a,c

48.6 (7.1)
48.3 (4.0)

25.9 (3.9)
27.4 (2.9)

30.0 (5.1)
25.4 (0.4)

25.4 (5.3)
24.6 (2.1)

56.6 (8.3)
55.0 (6.9)
58.1 (5.1)

29.9 (3.5)
33.3 (1.2)
27.6 (2.4)

26.1 (3.7)
24.3 (2.0)
20.4 (6.6)

28.2 (4.7)
28.8 (5.9)
32.9 (8.3)

55.4 (6.2)
54.4 (6.1)
53.6 (7.3)

30.0 (3.4)
30.3 (3.2)
28.7 (3.0)

25.8 (5.9)
25.8 (4.5)
23.6 (5.0)

30.0 (7.6)

METc
(MET) a

VAS pain scale
(0 - 10 cm)

7.2 (1.5)
7.0 (0.6)

4.9 (2.4)
2.3 (3.2)

28.5 (5.0) d
33.0 (5.0)

Values are mean (standard deviation); VO2max, maximum oxygen uptake (VO2peak in studies II-IV); METc, Maximum oxygen consumption in METvalues; BMI, body mass index; VAS, visual analog scale (0 = no pain, 10 = maximum pain). an = 18, 15 women and 3 men; bn = 38 in the nordic
walking group and n = 39 in the control group; cn = 29 in the resistance training group, n = 29 in the Nordic walking group, and n = 25 in the control
group; d p = 0.023 compared to the control group; In study I there was no significant difference between men and women. Modified from Studies I, II
and III.

hour plasma glucose 7.8–11.0 mmol·l-1), were included in the study. The subjects
were excluded from the study if they had been previously diagnosed with IGT and
participated in any prescribed diet or exercise program, engaged in regular
vigorous exercises, or used medication that affected glucose balance. The subjects
were randomly assigned (1:1:1) to the Nordic walking (NW) group (n=48), powertype resistance training (RT) group (n=49), and non-exercise control (C) group
(n=47). Randomization was performed by an independent person, who drew
subject’s number from a concealed envelope, to avoid bias. During the 12-week
exercise intervention, 29 subjects dropped out from the study for variety of
reasons and finally 115 subjects received the intervention as assigned (Figure 7).
Baseline characteristics of subjects who were included in the studies II–IV are
shown in Table 7 and in Table 9 in the results section. There were no significant
differences between the those who completed the trial and those who dropped out
(Table 8). Baseline pharmacotherapy received was similar between the RT-group,
NW-group, and the C-group (Table 9).

4.3 PHYSICAL ACTIVITY INTERVENTIONS (I–IV)
4.3.1 REHABILITATION INTERVENTION (I)
All subjects in the study I participated in a regular 13-day group based inpatient
rehabilitation program that was aimed to alleviate neck pain and related.
symptoms, reinforce pain coping strategies and subjects’ ability to work and
function, and promote self-directed rehabilitation methods and healthy lifestyle
The rehabilitation was organized by KELA according to their guidelines, and it was
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Table 8.

Comparison of baseline characteristics of study subjects and drop-outs (III–IV).

Characteristics
Age (y)
Height (cm)
Weight (kg)
BMI (kg/m)
Fat mass (kg)
Fat percentage (%)
Waist circumference (cm)

n
115
115
115
115
113
113
115

Completed
mean SD
54.5 (6.5)
178.6 (6.1)
94.6 (12.1)
29.6 (3.3)
24.2 (7.1)
25.1 (5.2)
105.0 (9.4)

n
28
26
25
25
25
25
24

Drop-outs
mean SD
52.8 (6.4)
179.6 (6.7)
94.5 (12.9)
29.4 (3.7)
23.2 (7.7)
24.2 (5.9)
105.4 (9.2)

Comparison
Difference
95% CI
1.6
–1.1 : 4.4
–1.0
–3.7 : 1.7
0.1
–5.2 : 5.5
0.2
–1.3 : 1.7
1.0
–2.2 : 4.1
0.9
–1.4 : 3.2
–0.4
–4.6 : 3.7

p
0.235
0.452
0.956
0.782
0.549
0.451
0.837

!

implemented in the Peurunka Rehabilitation Center. At baseline, a physician and
a physiotherapist individually examined all subjects, and measurements of
physical capacity were made. The physical capacity measurements were part of the
normal rehabilitation and the results had no influence on the content of the
program. Throughout the 13-day program, the subjects had also group discussions
with the physiotherapist (3 x 60 min) and a psychologist (1 x 60 min), lectures on
related topics (1 x 45 min and 1 x 30 min), massage (3 x 45 min), relaxation (3 x 45
min), ergonomic lectures and training (3 x 60 min), functional exercises (1 x 120
min), group physical exercise sessions [aerobic exercise (2 x 90 min and 1 x
60min), and therapeutic exercises with (5 x 90 min) or without (1 x 75 min)
streching. The content of the program was unaffected by the research and it
followed the normal clinical practice.

4.3.2 NORDIC WALKING INTERVENTION (II–IV)
In the NW-group, Nordic walking was performed in 60 min bouts, 3 times a week
(non-consecutive days), for 12 weeks. Each exercise session was supervised by
personal trainers, students of physiotherapy, or students of exercise physiology
and performed in small groups mainly outside on walking pathways. The target
HR was increased progressively in every four weeks of exercise (weeks 1–4 [50–
60%HRR], weeks 5–8 [60–70%HRR], and weeks 9–12 [70–80%HRR]). The
calculation of individual HRR was based on the estimated maximum HR (210 –
0.65 x age) (Jones, 1988) and measured resting HR. During the exercise session
each participant wore a heart rate monitor (Polar F4, Polar Electro Oy, Kempele,
Finland) and were instructed to follow their heart rate during the session. After
the session mean heart rate information was collected by the group supervisors.
Resting HR was measured with the same heart rate monitor for 5 minutes in three
consecutive mornings after a good night’s sleep and before getting out of the bed.
The mean of the three measurements was then calculated and applied in the
calculation of HRR. In order to achieve the target HR in every four weeks, the
walking speed or the number of hills were increased. For warm-up, each session
was started with 5 min of walking and stretching of the muscles (trapezius, triceps,
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Table 9.

Distribution of therapeutic drug treatments between subjects (III–IV).

Target
Cardiovascular system
Beta blocking agent
Diuretics
Calcium channel
blockers
Lipid modifying agents

ATC codes
C
C07(AB02, AB07,
AG02, FB02)

RT (n = 36)
15 (42)
1 (3)

NW (n = 39)
13 (33)
4 (10)

C (n = 40)
17 (43)
4 (10)

Total (n = 115)
45 (39)
9 (8)

0 (0)
3 (8)

0 (0)
0 (0)

1 (3)
0 (0)

1 (1)
3 (3)

8 (22)

6 (15)

8 (20)

22 (19)

8 (22)

5 (13)

8 (20)

21 (18)

1 (3)
5 (14)

2 (5)
4 10)

2 (5)
4 10)

5 (4)
13 (11)

0 (0)

1 (3)

0 (0)

1 (1)

B01AC(06, 07,30)

5 (14)

3 (8)

4 (10)

12 (10)

A02BC02

2 (6)
0 (0)

7 (18)
0 (0)

3 (8)
1 (3)

12 (10)
1 (1)

G04(CA02,
CB01)
M01AX05

1 (3)

2 (5)

0 (0)

3 (3)

0 (0)

1 (3)

0 (0)

1 (1)

N05AF01,
N06(AB10, AG02,
AX11, AX16)

0 (0)

2 (5)

1 (3)

3 (3)

R03(AK07, BA02)

0 (0)

4 (10)

2 (5)

6 (5)

H03AA01

0 (0)

1 (3)

0 (0)

1 (1)

18 (50)

19 (49)

19 (48)

56 (49)

C03AA03
C08CA(01, 02)

C10(AA01, AA04,
AA05, AA07,
AX09)
Agents acting on renin- C09(AA02, AA04,
angiotensin system
AA05,
BA02,CA01,
CA03, CA06,
CA07, CA08)
Antihypertensives
C02
Blood and blood forming
B
organs
Antianemic preparations B03BA03
Antithrombotic agents
Other
Almentary tract and
metabolism
Genito urinary system
and sex hormones
Musculo-skeletal
system
Nervous system

Respiratory system
Systemic hormonal
preparations
Total

p-value
0.680

0.871

0.175

1.000

Values are number of subjects, n (%). Classification is based on the The Anatomical Therapeutic Chemical (ATC) classification system(WHO
Collaborating Centre for Drug Statistics Methodology, 13 May 2014). RT, resistance training group, NW, Nordic walking group, C, control group. pvalue is based on Chi square test.

pectoralis major, abdominals, quadriceps, hamstrings, and gastrocnemius and
soleus). Stretching exercises were repeated after the sessions for cool-down.

4.3.3 POWER TYPE RESISTANCE TRAINING INTERVENTION (II–IV)
In the RT-group, power-type resistance training exercises, including leg press,
bench press, leg extension, lateral pull-down, leg flexion, and shoulder flexion,
were performed with ordinary training machines, barbells, and dumbbells. The
intervention program also included exercises with subjects own body weight (leg
squats, squat jumps, standing calf jumps or heel raises, push-ups, abdominal
flexions, and back extensions). Exercises were performed with maximal
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267 Men assessed for eligibility

123 Did not meet inclusion criteria
144 Randomized

49 To resistance training group

48 To Nordic walking group

47 To non-exercise control group

4 Refused intervention

1 Refused intervention

2 Refused intervention

13 Lost to follow up

9 Lost to follow up

7 Lost to follow up

36 Included in primary analysis

39 Included in primary analysis

40 Included in primary analysis

(studies III–IV)

(studies III–IV)

(studies III–IV)

28 Missing physical activity data
(study II)

32 Missing physical activity data
(study II)

32 Missing physical activity data
(study II)

8 Included in primary analysis
(study II)

7 Included in primary analysis
(study II)

8 Included in primary analysis
(study II)

!
Figure 7. Participant flow through the study (II–V).

contraction velocity and each session lasted 60 min and was performed 3 times a
week (non-consecutive days) for 12 weeks. Each exercise session was supervised
by personal trainers, students of physiotherapy, or students of exercise physiology
and performed in small groups in a gym. Individual exercises were performed 1–3
times a week and the number of sets varied from 1 to 4 and the number of
repetitions varied from 3 to 10. The intensity of the exercise increased
progressively from 50% to 85% of the estimated maximal strength during the
intervention. The maximal strength was estimated with a repetition maximum test
with equation [(–4.18 · Repetition maximum of load) + 103] (McDonagh and
Davies, 1984). The goal was to find an external load, which corresponded to 5
repetitions maximum (RM), but we accepted the closest number of repetitions (2–
7 RM), if 5 RM could not be achieved. The numbers of repetition for abdominal
flexions and back extensions were determined by a performance capacity test.
During the test subjects performed as many repetitions as possible with equal
pace, according to the supervisor’s observation, without the time limit. The
achieved number of repetitions was considered to reflect performance maximum
(100%), which was then used to determine the number of repetitions performed in
each set of exercises. The progressivity of the performance capacity followed that
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of the repetition maximum test. The tests were repeated in the seventh training
week to control the progression and adjust the external loads.

4.3.4 NON-EXERCISE CONTROL INTERVENTION (II–IV)
Before the intervention, subjects in the C-group participated in a general lecture
together with all other study subjects. The lecture included information about the
lifestyle and metabolic disorders. The subjects randomized into the C-group
participated in the baseline and 12-week follow-up measurements similarly as the
subjects randomized into the exercise groups. Subjects were also instructed to
continue their habitual physical activity and diet during the 12-week intervention
period. The subjects were, however, allowed to modify their lifestyle if they wanted
and no explanation or additional notice was required.

4.4 MEASUREMENTS
4.4.1 PHYSICAL ACTIVITY (I–IV)
Conduction of measurement and analysis of physical activity in studies I–IV has
been described in Figure 8. In studies I–II, physical activity in different
subcategories (OPA, CPA, LTPA, MHPA, sleep) was measured for four weeks
before the interventions with a questionnaire that asked about the type, duration,
frequency, distance travelled (meters), terrain geometry (leveled, moderate uphill,
vigorous uphill), and RPE of the activity. One-week data was reported. The
questionnaires were completed in four-week periods. During the first
measurement week, subjects were asked to complete the questionnaire accurately
in a diary manner. During the next three weeks, subjects were asked to recall and
report weekly physical activity with the help of the first week questionnaire. The
same questionnaire, with addition of intervention activity, was also employed to
measure the physical activity during the whole 13-day rehabilitation intervention
(I) and the 12-week exercise intervention (II). In study I, the questionnaire filled
during the rehabilitation was modified so that the CPA included transition from
inpatient accommodation to rehabilitation center and OPA subcategory was
replaced by the objectively measured rehabilitation intervention physical activity
(RIPA), which lasted each day approximately 8 hours. In study II, in addition to
verbal guidance (group lecture) subjects received also detailed written (one A4
paper sheet) instructions on how to fill in the questionnaire. It was specifically
emphasized that the goal of the questionnaire is to collect data for the whole week
(24 hours per day). Furthermore, subjects were encouraged to ask themselves
“What have I done?” while filling in the questionnaire to diminish the subjective
evaluation of their physical activity level. The reliability of similar questionnaires
that apply the same analysis program (see chapter 4.4.2) has been acceptable
(kappa = 0.48–0.78) (Mälkiä, 1996) and intraclass correlation coefficient (ICC) =
0.91–0.94 for all activities and ICC = 0.62–0.76 for LTPA (Sjögren, 2006).
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Before the intervention

Physical activity questionnaire (PAQ), Studies I–II
LTPA, CPA, OPA, MHPA, SLEEP
1 week PAQ filled in a diary manner + 3 x 1 week recall PAQ
13 day (I), 1-12 weeks (V), 24 h/day, 168 h/wk
Activities lasting (≥1 min)
RPE (6-9 =light, 10-12 moderate, 13-15 heavy, >15 = very heavy)
Travelled distance (m, walking, jogging, running cycling)
Slope (walking, jogging, running, cycling)
External load (kg) (I)

During the intervention

Intervention PA (studies I–IV)

Non-intervention PA (studies I-–IV)

Objective
Observation
measurement of EE (SWA) + (type, RPE, load, sets, reps)

Studies I–II

Studies III–IV

Combined in Excel

PAQ

Physical activity diary

RAW-Database (activity characteristics + mean MET)

LTPA (I,II); SPEA (II);
CPA (I modified, II); OPA (II) na
(I); MHPA (I–II); SLEEP (I–II)
13 day (I),
1-12 weeks (II)
Activities lasting (≥1 min)
RPE (6-9 =light, 10-12
moderate, 13-15 heavy, >15 =
very heavy)
Travelled distance and slope
(walking, jogging, running
cycling)

LTPA (III–IV)
SPEA (III–IV)
1-12 weeks
Activities lasting (≥30 min)
RPE (6-9 =light, 10-12
moderate, 13-15 heavy, >15 =
very heavy)
Travelled distance (walking,
jogging, running cycling)
Slope (walking, jogging,
running, cycling)

Directly
integrated to
calculation
(RIPA)

SPEA
Linear mixed model

NW mean MET =
1.93+0.049VO2peak+0.213RPE

Analysis of physical activity data

RT mean MET = no model found

RIPA-database

RT-database

NW-database

Total of
147 MET-values

Total of
10 MET-values

Total of
28 MET-values,

(mean MET per
movement)

(mean MET per
training session
(WT or BWT) x 5
intervention
groups)

(7 VO2peal x 4 RPE
subcategories)

Non-intervention
database
MET-values for activities
included in the PAQ or
diary were determined
from the database of
previously published METvalues in MetPro®-physical
activity analysis program

Databases integrated to MetPro® physical activity analysis program

Input of PAQ and
diary data

MetPro® physical
activity analysis
program

Calculations of determinants of physical activity
Time-weighted
average MET
TWA-MET =

1 n
∑ M i ti
T i=1

Peak intensity
within a activity
cycle

Gross relative
intensity
%AI = 100 ⋅

AI
METc

Net relative
intensity
%AI = 100 ⋅

AI-1MET
METc-1MET

Volume
n

METh = ∑ M i ti + k(T f − T )
i=1

For different PA subcategories

SPEA, LTPA, Total LTPA (= LTPA + SPEA), CPA, OPA, Activity time (AT) (= total LTPA + CPA + OPA), RIPA, MHPA
Only volume: SLEEP, Total PA (= SPEA + LTPA + CPA + OPA + MHPA + SLEEP),
NEPA (= LTPA + CPA + OPA + MHPA), NLTPA (= CPA + OPA + MHPA),

!

Figure 8. Flow of physical activity measurement (I–IV). RPE, rating of perceived exertion; PA, physical
activity; EE, energy expenditure; SWA, SenseWear Armband; MET, metabolic equivalent of
task; RIPA; rehabilitation intervention PA; SPEA, structured physical exercise activity; LTPA,
leisure-time PA; CPA, commuting PA; OPA, occupational PA; MHPA, miscellaneous home
PA; NW, Nordic walking; RT, resistance training; WT, weight training, BWT, Body WT; AI,
absolute intensity; NEPA, non-exercise PA; NLTPA, non-LTPA PA.
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The intensity and duration of all RIPA (I) activities was measured with
SenseWear Armband pro2 (SWA, BodyMedia Inc., Pittsburgh, PA 15222, USA).
During the measurement a researcher observed subjects while logging the
information about the type of activities performed, external load used (during
applicable exercises), and RPE. Likewise, in the studies II–IV the intensity of the
NW and RT interventions were determined with SWA (SWA pro3) measurements,
but the duration was based on the self-reported values. The goal was to measure at
least one day (I) or one exercise session (II–IV) from each participant and the
measurement day was randomly assigned for each subject. The validity and
reliability of SWA to measure energy expenditure has been at least moderate as
has been reviewed in the pages 24–25. The SWA seems to be at least as good as
other multisensor devises and 3-axis accelerometers, that are most accurate in
estimating energy expenditure in free living conditions compared to the gold
standard methods (double labeled water or indirect calorimetry) (Van Remoortel
et al., 2012).
In studies III–IV, the type, duration, distance travelled (meters), and RPE of
structured physical exercise activity (SPEA = NW or RT) and LTPA was measured
with a diary throughout the 12-week exercise interventions. In case of missing
values, subjects (n = 3 in the RT-group, n = 1 in the NW-group, and n = 8 in the Cgroup) were contacted by telephone to complete data on average 6 months after
the intervention. In addition, for one subject in the RT-group, who completed the
study, no information on physical activity was received. For the analysis, RPE was
classified into four categories (1 = light or 6–9; 2 = moderate or 10–12; 3 = heavy
or 13–16; and 4 = very heavy or 17–20) and only activities that lasted 30 min or
longer were included.

4.4.2 ANALYSIS OF PHYSICAL ACTIVITY DATA (I–IV)
The data from SWA was converted into MET-values by dividing the measured
energy expenditure (kcal) with a subject’s estimated resting energy expenditure
(kcal) (study I) or by using directly the MET values from the SWA (II–V). The
mean MET for each type of activity performed by the subjects, as logged during
the measurement by the researcher, was calculated. This database that included
the type of activity and its intensity (MET) was integrated into MetPro® physical
activity analysis program (MetPro®, Kuntoväline Ltd, Helsinki, Finland). For the
NW and RT exercise activities, a statistical analysis was conducted before
constructing the database for MetPro®. With a linear mixed model, the significant
independent factors of mean MET of a single session of NW were determined. It
was found that VO2peak and RPE were independently associated with the intensity
of NW (MET = 1.93 + 0.049VO2peak + 0.213 RPE) and they were used to construct
the database for MetPro® program (III). No significant factors were found to
explain the MET of a single session of RT. Thus, the mean MET was used as
described in the study III.
The intensity of activities other than those related to the intervention
(rehabilitation or SPEA) was determined from the existing MetPro®-database.
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This database includes previously published MET-values for approximately 2000
different activities, including those published by Ainsworth et al. (1993; 2000b)
and International Organization for Standardization (2004).
With MetPro® program the time-weighted average MET (TWA-MET), peak or
maximum MET (Peak-MET), and METh were calculated by the equations
described in studies I and III. The relative intensity was also calculated by dividing
the TWA-MET or Peak-MET with the MET capacity (METc). METc indicates the
maximum physical capacity of the subjects (VO2max or VO2peak) in MET values. In
study I, net relative intensity was also calculated. To calculate the METh, the
missing time was calculated by multiplying it by 1 MET (I, II) or by 1.5 MET (II–
IV). It was estimated that in the studies including total physical activity (24h) (I,
II), the missing time included mostly resting type of activities, whereas in the
studies including only LTPA (III–IV), the missing time included mostly light
physical activities like those performed during MHPA, hence the 1.5 MET. In
addition, the calculations of METh of LTPA (III) were standardized for time. The
standard timeframe (STF) of measurement was defined by the longest reported
time used on the SPEA or LTPA by subjects during a 4-week period (III). This
standardization had no effect on other determinants of physical activity.

4.4.3 PHYSICAL CAPACITY (I–IV)
In study I, maximum oxygen uptake (VO2max) was measured with direct maximal
cycle ergometry (Ergoline 900, Ergo-line Gmbh + Co kG, Ergometriesysteme, Bitz,
Germany). The power of the initial stage was set to 25–50 W and increased by 25–
50 W every three minutes until exhaustion. In studies II–IV, the peak oxygen
uptake (VO2peak) was measured with direct maximal cycle ergometer test (breathby-breath method, Oxycone Pro ergospirometry, CareFusion Germany 234 GmbH
CareFusion, Hoechberg, Germany) until exhaustion or subjective maximum (RPE
= 18 or higher) with RER at least 1.10. For some subjects, the test had to be
stopped because of the excessive elevation of blood pressure. After the first stage
(50 W), the power was increased 25 W per 1 min stage. The UKK 2-km walk test
was also performed to estimate VO2max (UKK fitness index). Walking speed was
determined from the walk test results by dividing the distance (2000 m) with
time.

4.4.4 DIETARY INTAKE (II–IV)
Energy (kcal/day), fat (E%), saturated fat (E%), carbohydrate (E%), protein (E%),
alcohol (E%), and fiber (g/1000 kcal) intake was assessed with a continuous threeday (2 week day and 1 weekend day) food diary (Haapa et al., 1985; Pietinen et al.,
1988) and analysed with a specific analysis program (Ovaskainen et al., 1996).
Subjects were advised to fill in the diary during a time period (from Thursday to
Saturday or from Sunday to Tuesday) which corresponded most closely with their
habitual intake.
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4.4.5 ANTHROPOMETRICS AND BODY COMPOSITION (I–IV)
Body composition was assessed with electrical bioimpedance method (Inbody 3.0,
Biospace, Seoul, Korea) (I–V). In studies II–V, body height was determined to the
nearest 0.5 cm. Body weight of bare-footed subjects wearing light clothing was
defined to the nearest 0.1 kg with calibrated scales. Waist circumference was
measured between the lower rib and iliac crest. BMI was calculated by dividing the
body weight with height in meters squared (kg/m2).

4.4.6 BLOOD PRESSURE (II–IV)
Systolic and diastolic blood pressures were measured two times (one minute break
between the measurements) from a right arm with automated Omron M4-I
(Omron Healthcare Europe BV, Hoofddorp, The Netherlands) measurement
device using standard procedures. Measurements were taken between 7 am and 10
am. Subjects were advised to avoid strenous exercise two days and morning before
the tests. Before the test, subjects sat for 20 minutes of which last 5 minutes in
total rest. Cuff was selected to match the circumference of the subjects arm. Same
measurement devises were use at baseline and follow-up. If large variation existed
between the two measurements, additional measurements were taken. The mean
of two measurements was reported.

4.4.7 BLOOD SAMPLES AND CLINICAL ANALYSIS (II–IV)
Blood plasma and serum samples were drawn from the brachial vein after
overnight fast (12 hours) and tubes were centrifuged at 2200 x g for 10 min.
Subjects were advised to avoid alcohol use, intensive exercise, and painkillers 2
days before the samples were taken. In addition, subjects were instructed to follow
habitual carbohydrate intake for 3 days prior the collection of the samples.
Plasma glucose level was measured with enzymatic photometric method with
Konelab Glucose HK reagent. HbA1c and serum hs-CRP was determined with
immunturbidimetry (Konelab 20i analyser, Thermo Clinical Labsystems Oy,
Konelab, Finland) and serum insulin with chemiluminescence-immunoassay
(Immu- lite 1000 analyser, Siemens Medical Solutions, Espoo, Finland). Plasma
gamma glutamyltransferase (γ-GT), total cholesterol, HDL cholesterol, LDL
cholesterol, triacylglycerols, and uric acid were measured with enzymatic
photometric methods with commercial kits (Thermo Clinical Labsystems Oy,
Espoo, Finland) using a Konelab 20i analyser (Lehtonen et al., 2010). Plasma
adiponectin, leptin, TNF-α, and serum chemerin and retinol binding protein 4
(RBP4) were measured with commercial kits (Millipore, Billerica, MA). The
plasma samples were analyzed with BioRad Bio-Plex 200 System (Bio-Rad
Laboratories, Espoo, Finland) and serum samples with Thermo Multiskan
(Thermo Clinical Labsystems Oy, Konelab, Finland). In addition, HOMA-IR
(Matthews et al., 1985) and fatty liver index (FLI) (Bedogni et al., 2006) were
calculated.
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4.5 STATISTICAL ANALYSIS (I–IV)
In the exercise intervention study, the adequacy of sample size was determined
with power calculations: If there is at least 34 subjects per group and the change in
plasma glucose concentration is ±0.2 mmol/l after intervention, the result is
statistically significant compared to the control group (p < 0.05). In the
rehabilitation intervention, no power calculation was perfromed.
The data is expressed as mean (standard deviation, SD; standard error, SE; or
95% CI) and median (interquartile range, IQR). The normal distribution of the
variables was tested with Shapiro-Wilk Statistics (n < 50) or Kolmogorov-Smirnov
(n > 50) statistics. The normality was accepted if skewness or kurtosis values were
within twice the standard error (I).
The statistical comparisons of small samples or non-parametric data were
performed with Wilcoxon signed-rank test and independent samples MannWhitney U test. Multiple comparisons of non-parametric data were conducted
Kruskall-Wallis test (independent samples) or with a Friedman’s test (dependent
samples). Mann-Whitney U test or Wilcoxon Signed-rank test with Bonferroni
correction were used as post-hoc test for independent and dependent samples,
respectively (I–III).
Analysis of variance (ANOVA) was applied for between the groups comparison
at baseline (III, Wasenius et al. unpublished observation). Analysis of covariance
(ANCOVA), adjusted for baseline values, was used to compare the effect of
exercise intervention (IV). In study IV, total cholesterol, LDL cholesterol,
chemerin, fatty liver index, and leptin were rank-transformed before ANCOVA due
to the non-normal distribution of the variables. In Wasenius et al. (unpublished
observations), the extreme outliers (3 x SD) were removed from the analysis. Posthoc analysis of significant multiple comparison tests (ANOVA and ANCOVA) was
conducted with Bonferroni correction (III, Wasenius et al. Unpublished
observations) or with least significant difference (LSD) (IV).
The association between variables was tested with Pearson’s correlation
coefficient (II, Wasenius et al. unpublished observations). In study II, linear mixed
models adjusted for individual variation in the intercept were developed to
investigate the association between the weekly change in the volume of SPEA and
NEPA or LTPA and NLTPA. Separate models were developed for each group. In
addition, the investigation of associations between the dose variables of physical
activity and change in outcomes (response) were performed with multiple linear
regression analysis that was adjusted for possible confounders and the
intervention group (Wasenius et al. unpublished). Only either absolute or relative
intensity values were accepted for the regression model analysis according to the
best-fit basis. For multivariate linear regression analysis and for linear mixed
model analysis extreme outliers (3 x SD) that can have detrimental effect on such
analyses were removed based on the distribution of residuals. This method was
chosen to make the definition of outliers more objective and to avoid bias related
to subjectivity. Subjects were categorized as responders if the change in outcome
was greater than >0 in the direction of health benefit (eg. 1.0 kg decrease in fat
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mass) or non-responders if the change in outcome was greater than >0 in the
direction of adverse effect (1.0 kg increase in fat mass) (Wasenius et al.
Unpublished observation). Subjects that had no change in outcome were defined
into a no change group. Analyses were performed with Statistical Package for
Social Sciences, SPSS versions 15.0, 20.0 and 21.0 (IBM Corp., Armonk, New
York, USA). Statistical significance was determined with p-value < 0.05.
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5

RESULTS

5.1 THE EFFECT OF REHABILITATION INTERVENTION ON
DAILY PHYSICAL ACTIVITY (I)
The rehabilitation intervention was completed fully by all subjects (100%). The
RIPA accounted on average for 20% (SD 1.9) of the volume of total physical
activity performed during the intervention period. In addition, physical exercises
accounted for the major proportion of the volume of RIPA (69%, SD 0.1). The
volume of specific exercises accounted for 22% (SD 0.1) and the volume of other
mainly aerobic type physical exercise accounted for 78% (SD 0.1) of the total
volume of physical exercises performed during RIPA.
The volume of total physical activity decreased significantly during the inpatient rehabilitation program compared to everyday life (290.2 METh·wk-1, SD
33.8 vs. 265.8 METh·wk-1, SD 18.8, p < 0.05). No significant difference was
observed between the rehabilitation and everyday life in the volume of physical
activity when only the activities that exceeded the intensity level of ≥50% of
VO2max were compared (62.3 6 METh·wk-1, SD 21.1 vs. 62.6 METh·wk-1, SD 43.8, p
= 0.435). In rehabilitation, however, the volume of activities performed with an
intensity of ≥50% of VO2max increased significantly in the LTPA and decreased in
MHPA compared to everyday-life (Figure 9). In addition, the volume of CPA and
LTPA increased and the volume of OPA/RIPA and MHPA decreased in
rehabilitation compared to everyday life (Figure 10).
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Figure 9. The mean proportional distribution of volume of physical activities performed at the intensity
50% of maximum oxygen uptake or greater (I). Error bars indicate standard deviation.
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Figure 10. The mean absolute and relative time-weighted average intensity (TWA-MET) (a. and b.),
peak intensity (Peak-MET) (c. and d.), and volume (d.) of physical activity in different
subcategories of physical activity in everyday life and rehabilitation (I). OPA, occupational
physical activity; RIPA rehabilitation intervention physical activity; CPA, commute physical
activity; LTPA, leisure-time physical activity; MHPA, miscellaneous physical activity; na, not
applicable.

No significant differences were found between the rehabilitation and everyday life
in TWA-MET (2.4 MET, SD 0.2 vs. 2.5 MET, SD 0.6, p > 0.050) or Peak-MET (7.2
MET, SD 1.9 vs. 6.4 MET, SD 1.8, p > 0.050) of activity time physical activity
(ATPA), which includes OPA/RIPA, CPA, and LTPA. The TWA-MET and PeakMET of MHPA were significantly lower in rehabilitation compared to everyday
life. The Peak-MET of CPA and LTPA however were higher during the
intervention than in everyday life. The changes in relative intensity followed
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consistently the changes found in the absolute intensity (Figure 10). No other
significant differences between everyday life physical activity and rehabilitation
physical activity were found.

5.2 THE EFFECT OF STRUCTURE EXERCISE
INTERVENTION ON DAILY PHYSICAL ACTIVITY (II–III)
5.2.1 ADHERENCE TO TRAINING AND PHYSICAL DOSE OF STRUCTURED
EXERCISE INTERVENTIONS (III)
Subjects in the NW-group participated on average in 61% (22.1 / 36) of the
scheduled exercise sessions, where as in the RT-group the compliance was 67%
(24.3 / 36). There were no significant difference between the NW-group and RTgroup in the median number of exercise sessions (25.4, IQR 36.0 vs. 27.1, IQR
34.0, p = 0.208), in the frequency (2.1 session·wk-1, IQR 3.0 vs. 2.3, IQR 2.8, p =
0.208), or in the time used per session (62.6 min·session-1, IQR 82.7 vs. 64.0
min·session-1, IQR 92.5, p = 1.000). As described in Figure 11, the intensity and
volume of the NW-group was approximately twice as high as in the RT-group.

5.2.2 THE EFFECT OF STRUCTURED EXERCISE INTERVENTION ON TOTAL
PHYSICAL ACTIVITY (II)
At baseline, the physical activity profiles were similar between the groups (p >
0.050). No significant changes in volume of total physical activity, NEPA, or
NLTPA were found between or within the intervention groups (Figure 12).
The mean change in the volume of total LTPA, which included both SPEA and
LTPA, was significantly greater in the NW-group (22.5 METh·wk-1, SD 14.7, p =
0.001) but not in the RT-group (2.0 METh·wk-1, SD 19.1, p = 0.105) compared to
the C-group (–11.1 METh·wk-1, SD 16.9). Within the NW-group, the volume of
physical activities that were ≥50% of VO2 peak increased significantly, whereas no
significant change was detected in the RT-group or C-group (Figure 12). In the Cgroup, the volume of LTPA decreased significantly during the intervention
compared to baseline (Figure 12). No other significant differences were found in
the volume of physical activity within or between the two exercise groups and the
C-group.
No significant changes in the TWA-MET or %TWA-MET of OPA, CPA, LTPA,
MHPA or ATPA were found between or within the NW-group, the RT-group, or
the C-group. The mean TWA-MET or %TWA-MET of total LTPA decreased
significantly in the RT-group compared to baseline (–0.6 MET [SD 0.6], p = 0.039
or –7% [SD 8], p = 0.039, respectively). No significant change in the TWA-MET or
%TWA-MET of total LTPA was found in the NW-group (0.1 MET [SD 0.5], p =
1.000 or 0% [SD 17], p = 1.000, respectively) or C-group (–0.5 MET [SD 1.3], p =
0.313 or –5% [SD 15], p = 0.383, respectively).
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Figure 11. The median time-weighted average intensity (TWA-MET) and peak intensity (Peak-MET)
expressed in absolute figures and relative to maximum physical capacity (METc) and the
volume of structured physical exercise activity in the Nordic walking (NW) group and in the
power-type resistance training (RT) group (II). Error bars indicate interquartile range.

There was a large inter-individual variability in the weekly change of volume of
physical activity. When adjusted for individual variation in the intercept, an
inverse association was found between the change in the volume of total LTPA and
NLTPA. In the NW-group, one METh increase in the volume of total LTPA was
associated with a decrease of –0.56 METh (95% CI, –0.68: –0.44; p < 0.001) in
the volume of NLTPA. Similarly, in the RT-group, one METh increase in the
volume of total LTPA was significantly associated with a decrease of -0.24 METh
(95% CI, –0.45: –0.02; p = 0.030) in the volume of NLTPA. The weekly volume of
SPEA was, however, not associated with the change in NEPA either in the NW
group (estimate = 0.085, 95% CI, –0.859: 1.029, p = 0.858) or in the RT-group
(estimate = 0.929, 95% CI, –0.925: 2.783, p = 0.322).

5.2.3 THE CORRELATES OF CHANGE IN PHYSICAL ACTIVITY DURING
STRUCTURED EXERCISE INTERVENTION (II)
In the RT-group, significant correlations were found between the absolute and
relative TWA-MET of total LTPA and baseline BMI (r = 0.742, p = 0.035 and r =
0.795, p = 0.018, respectively). No other significant correlations were found. No
significant correlations were found between the intensity (TWA-MET or %TWA-
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Figure 12. Mean volume of physical activity before and during the 12-week Nordic walking (NW),
resistance training (RT), or non-exercise control (C) intervention (II). LTPA, leisure-time
physical activity, total LTPA, LTPA + structured exercise, high intensity PA, all physical
activities ≥50% of VO2 peak; NEPA, non-exercise physical activity; NLTPA, non-LTPA. ‡ p =
before vs. during, *change in NW vs. change in C.
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5.2.4 BETWEEN THE GROUP COMPARISON OF LEISURE-TIME PHYSICAL
ACTIVITY DURING EXERCISE INTERVENTION (III)
The median frequency of LTPA was lower in the NW-group compared to the Cgroup (2.4 session·wk-1, IQR 7.4 vs. 4.0 sessions·wk-1, IQR 10.0; p = 0.006). In the
RT-group, median frequency of total LTPA was greater than in the C-group (4.8
session·wk-1, IQR 10.8 vs. 4.0 sessions·wk-1, IQR 10.0; p = 0.034). No other
significant differences were found between the groups in the frequency or median
time used for one session of LTPA, SPEA, or total LTPA (p > 0.050).
The median TWA-MET of total LTPA was significantly lower in the RT-group
(3.91 MET, IQR 3.89) compared to the NW-group (5.47 MET, IQR 2.87, p <0.001)
or the C-group (5.11, IQR 10.40). There was no significant difference in TWA-MET
between the NW-group and the C-group. The median %TWA-MET of total LTPA
was also significantly lower in the RT-group than in the NW-group (51 %METc,
IQR 47 vs. 68 %METc, IQR 56, p < 0.001), but not compared to the C-group (59
%METc, IQR 88, p = 0.140). Median %TWA-MET of total LTPA was significantly
higher in the NW-group than in the C-group (p = 0.049). No significant difference
was found between the groups for Peak-MET in LTPA or total LTPA.
No significant difference was found between the groups for TWA-MET of LTPA
during the weeks 1–4, weeks 5–8, or weeks 9–12 of the intervention (Figure 13).
The TWA-MET of total LTPA was, however, significantly lower throughout the
intervention in the RT-group compared to the C-group. In contrast, the median
TWA-MET of total LTPA tended to be higher in the NW-group than in the C-group
in all three phases of the intervention, although a significant difference was found
only in weeks 5–9.
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Figure 13. Time-weighted average intensity (TWA-MET) of leisure-time physical activity (LTPA) and
total LTPA in different phases of exercise (III). * p < 0.050 Resistance training (RT) group vs.
control (C) group; ¶!p<!0.050 Nordic walking (NW) group vs. C.
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Figure 14. The median leisure-time physical activity during 12-week Nordic walking (NW), power-type
resistance training (RT), or non-exercise control (C) interventions (III). Error bars indicate
interquartile range.
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Figure 15. Volume of leisure-time physical activity (LTPA) and total LTPA in different phases of exercise
(III). * p < 0.050 Resistance training (RT) group vs. control (C) group; ¶! p<! 0.050 Nordic
walking (NW) group vs. C.

The median volume of LTPA during the 12-week exercise intervention was
significantly lower in the NW-group compared to the C-group, but not compared
to the RT-group (Figure 14). No significant difference was found between the
exercise groups and the C-group in the volume of total LTPA (Figure 14). The
volume of total LTPA was, however, significantly higher in the NW-group
compared to the RT-group.
During the different phases of the exercise intervention (weeks 1–4, weeks 5–8,
and weeks 9–12) the median volume of LTPA was similar in the NW and RTgroup (Figure 15). The median volume of LTPA seemed to be higher in the Cgroup than in the two exercise groups throughout the study, although the groups
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differed significantly only in the last phase of the training (weeks 9–12). The
median volume of total LTPA tended to be higher in the NW-group compared to
the C-group. A significant difference between the NW-group and the C-group was
found only in weeks 5–8. There was no significant difference between the RT and
the C-group in the volume of total LTPA. The median values, however, tended to
be lower among subjects in the RT-group compared to the subjects in the C-group.

5.3 EFFECT OF EXERCISE INTERVENTION ON RISK
FACTORS FOR TYPE 2 DIABETES (IV)
5.3.1 BASELINE DATA (IV)
Subjects’ baseline characteristics have been described in Table 8. At baseline the
fasting insulin and leptin were significantly higher in the NW and the RT-groups
compared to the C-group. In the NW-group, the baseline 2-hour insulin,
chemerin, and IL-6 were also higher than in the C-group. In the RT-group, the
VO2peak (Wasenius et al. unpublished observation), UKK fitness index, and
carbohydrate intake were lower compared to the C-group (IV). Otherwise, baseline
characteristics were similar between the groups.

5.3.2 BETWEEN THE GROUP COMPARISON (IV)
In the NW-group, body weight, BMI, fat percentage, , plasma leptin, and serum
chemerin decreased and UKK fitness index increased significantly compared to
the C-group (Table 8). In the RT group, only serum chemerin decreased
significantly compared to the C-group. In addition to UKK fitness index, there
were no significant between the group differences in other physical capacity
measures (Wasenius et al. unpublished observation). No other significant
differences were found between the exercise groups and the C-group.
An analysis of covariance, in which the baseline value and baseline body fat
percentage were set as a covariate, was performed on rank-transformed variables
to investigate the effect of body fat on chemerin and leptin, total cholesterol, LDL
cholesterol, and fatty liver index values. After these adjustments, the
improvements in leptin (p = 0.002), chemerin (p = 0.040), total cholesterol (p =
0.034), LDL-cholesterol (p = 0.015), and fatty liver index (p = 0.012) were
significantly larger in the NW-group compared to the C-group. In the RT-group,
only the change in chemerin (p = 0.019) remained significant, whereas no
significant differences were found in leptin (p = 0.174), total cholesterol (p =
0.698), LDL-cholesterol (p = 0.814), or fatty liver index (p = 0.495) compared to
the C-group.
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Table 10. Baseline characteristics and change in risk factors of type 2 diabetes after a 12-week
structured exercise intervention (IV).

<
Variable
Body composition
Weight (kg)
Fat percentage (%)
Waist circumference (cm)
Fat free mass (kg)
Glucose metabolism

Resistance training group
Baseline
Change

Nordic walking group
Baseline
Change

Control group
Baseline
Change

96.7 (12.3)
25.8 (4.5)
107 (9.6)
67.7 (7.2)

–0.2 (2.2)
–0.5 (2.0)
–1.5 (3.2)
0.3 (1.9)

95.1 (11.7)
25.8 (5.9)
106 (9.6)
65.0 (12.5)

–2.3 (2.5) a
–1.9 (2.6) a
–1.9 (3.3)
0.1 (1.9)

92.2 (12.4)
23.6 (5.0)
102 (8.6)
64.9 (12.9)

–0.8 (2.1)
–0.4 (1.5)
–0.6 (3.2)
–0.1 (1.2)

Glucose (mmol/l) c
2–hour glucose (mmol/l) c
Insulin (mIU/ml)c
2–hour insulin (mIU/ml) c
HbA 1c (%) c
HOMA–IR
Lipid metabolism

6.1 (0.1)
6.6 (0.3)
12.9 (0.7)
63.0(8.2)
5.4 (0.1)
3.6 (0.5)

–0.1 (0.1)
–0.3 (0.3)
–0.8 (1.0)
–4.2 (4.8)
0.1 (0.1)
–0.3 (0.3)

6.2 (0.1)
6.8 (0.3)
12.6 (1.2)
80.7 (10.1)
5.5 (0. 1)
3.5 (0.4)

–0.0 (0.1)
–0.5 (0.3)
–1.7 (1.0)
–15.9 (6.4)
0.0 (0.1)
–0.5 (0.3)

6.1(0.1)
6.1(0.2)
7.7 (0.7)
48.9 (6.7)
5.4 (0.1)
2.1 (0.2)

–0.2(0.1)
–0.3 (0.3)
1.0 (0.9)
–9.1 (3.9)
0.2 (0.1)
0.3 (0.3)

Total Chol (mmol/l) c
HDL–chol (mmol/l) c
LDL–chol (mmol/l)c
Triacylglycerols (mmol/l)c
Liver enzymes metabolism

4.8 (0.2)
1.2 (0.1)
2.9 (0.1)
1.9 (0.3)

0.2 (0.1)
0.1 (0.0)
0.2 (0.1)
0.0 (0.2)

5.3 (0.2)
1.2 (0.1)
3.4 (0.1)
1.9 (0.2)

–0.2 (0.1)
0.0 (0.0)
–0.2 (0.1)
–0.3 (0.2)

5.2 (0.2)
1.2 (0.1)
3.3 (0.1)
1.6 (0.2)

0.1(0.1)
0.1 (0.0)
0.1 (0.1)
–0.1 (0.2)

hs–CRP (mg/l)c
γ–GT (IU/l) c
Fatty liver index (FLI) c
Uric acid (µmol/l) c
Adipocytokines

1.6 (0.3)
65 (10)
75.6 (2.9)
427 (12)

0.3 (0.4)
8 (7)
–1.0 (1.2)
3 (9)

2,2 (0.4)
59 (7)
77.6 (2.9)
420 (11)

–0.5 (0.4)
–7 (2)
–9.2 (2.6)
–3 (7)

1.4 (0.2)
55 (6)
73.8 (2.8)
398 (10)

–0.1 (0.3)
–2 (3)
–3.4 (1.5)
18 (9)

Adiponectin (µg/ml) c
Chemerin (µg/ml) c
Interleukin–6 (pg/ml) c
Leptin (µg/ml)c
RBP–4 (ng/ml) c
TNF–α (pg/ml)c
Blood pressure
Systolic pressure
Diastolic pressure
Energy intake (kcal/day)
Alcohol (E%)
Carbohydrates (E%)
Dietary fiber (g /1000 kcal)
Protein (E%)
Fat (E%)
Saturated Fat (E%)
Physical capacity
UKK fitness index

10.4 (1.1)
58.4 (3.8)
7.6 ( 2.3)
11.5 (1.4)
19.2 (2.0)
5.5 (0.8)

0.9 (0.6)

11.2 (1.3)
64.4 (3.9)
11.5 (3.3)
14.1(2.8)
16.3 (0.8)
5.6 (0.4)

0.0 (0.8)

–1.1 (3.8) a
0.3 (0.5)
–0.9 (0.9)
–0.9 (1.8)
–0.2 (0.4)

–3.8 (1.2) a
0.5 (0.5)
–0.2 (0.3)

12.1 (1.5)
55.3 (4.1)
4.0 (1.1)
7.6 (1.3)
16.5 (0.6)
4.6 (0.3)

0.2 (0.7)
8.1 (2.6)
0.7 (0.8)
–0.2 (0.9)
1.3 (0.5)
0.5 (0.2)

144 (15.7)
86 (7.3)
2292 (657)
5.5 (6.6)
41.7 (8.7)
11.6 (4.5)
18.2 (2.6)
34.6 (7.3)
11.6 (3.2)

–4.1 (14.2)
–2.8(6.4)
211 (772)
2.0 (6.1)
–0.1 (7.8)
–1.5 (4.8)
–0.7 (3.0)
–1.2 (6.8)
0.2 (2.5)

147(13.9)
85 (9.3)
2152 (493)
4.9 (5.9)
46.0 (7.7)
11.2 (3.8)
17.6 (2.7)
31.5 (6.4)
11.1 (3.4)

–6.7(11.1)
–3.8 (6.0)
100 (410)
–0.3 (4.3)
–3.3 (6.9)
–0.4 (3.2)
0.6 (3.2)
3.0 (6.2)
1.0 (2.7)

142 (17.6)
84 (11.7)
2276(614)
5.5 (6.3)
46.6 (7.3)
11.8 (4.4)
17.2 (2.9)
30.7 (5.9)
10.7 (2.8)

–2.9 (12.6)
–2.7(7.5)
–200 (545)
–1.4 (8.4)
–1.8 (7.1)
0.5 (4.0)
0.8 (3.4)
2.4 (5.9)
1.1 (2.6)

68.9 (21.1)
1.84 (0.17)
28.5 (5.0)
2.7 (0.5)

10.2 (9.6)
0.05 (-0.04−0.13)
-0.1 (-1.6−1.4)
0.0 (-0.1−0.2)

74.0 (23.2)
1.91 (0.19)
30.0 (7.6)
2.8 (0.7)

14.4 (16.3) a
0.07 (-0.10−0.16)
0.4 (-1.1−1.9)
0.0 (-0.1−0.1)

80.2 (18.7)
1.94 (0.17)
33 (5.0)
2.8 (0.4)

6.0 (13.5)
na
na
na

b

Walking speed (m/s)
Peak oxygen uptake (ml/kg/min) b
Peak oxygen uptake (l/min) b

–1.6 (2.7) a
–0.4 ( 0.9)

Values are mean (standard deviation) unless otherwise stated. BMI, body mass index; HbA1c, glycated haemoglobin; HOMA-IR, Homeostasis model
assessment for insulin resistance; hS-CRP, high sensitive C-reactive protein; g-GT, gamma-glutamyl transpeptidase, RBP-4, retinol binding protein 4;
TNF-a, tumor necrosis factor alpha. ap< 0.050 vs. control group, bchange values are mean difference between the exercise group and the control
group (95% confidence interval, according to analysis of covariance adjusted for the baseline value) (Wasenius et al. unpublished observation),
cvalues are mean (standard error).

!

76!

!

!

5.4 INDEPENDENT PREDICTORS OF BODY COMPOSITION
AND PHYSICAL CAPACITY RESPONSES TO EXERCISE
INTERVENTION (UNPUBLISHED)
Large inter-individual variability was found in the changes of outcomes (Table 9).
The associations between the responses in physical fitness or body composition
and determinants of non-structured LTPA varied between the intervention
groups. In the NW-group, the volume of non-structured LTPA correlated with a
change in waist circumference (r = –0.33, P = 0.038) and in walking speed (r =
0.44, P = 0.012). In the RT-group, the TWA-MET of non-structured LTPA was
associated with a change in BMI (r = –0.34, P = 0.04), body weight (r = –0.35, P =
0.036), and walking speed (r = 0.40, P = 0.028). In the C-group, the TWA-MET of

Table 11. The mean and range of individual changes in outcomes and the prevalence of responders.
% of
responders (n)

% of no change
(n)

% of nonresponders (n)

Minimum

Body mass index (kg/m2 )

82.1 (32)

2.6 (1)

15.4 (6)

–4.5

0.4

–0.7 (–1.0:–0.4)

Weight (kg)

82.1 (32)

2.6 (1)

15.4 (6)

–14.3

1.1

–2.2 (–3.1:–1.4)

Total fat mass (kg)

89.5 (34)

0 (0)

10.5 (4)

–14.1

0.5

–2.4 (–3.2:–1.5)

Total body fat (%)

76.3 (29)

0 (0)

23.7 (9)

–11.9

0.8

–1.9 (–3.0:–1.1)

Waist circumference (cm)

71.8 (28)

12.8 (5)

15.4 (6)

–15.0

5.0

–1.9 (–3.0:–0.9)

VO2peak (l/min)

44.8 (13)

37.9 (11)

17.2 (5)

–0.1

0.7

0.1 (0.0:0.1)

VO2peak (ml/kg/min)

62.1 (18)

10.3 (3)

27.6 (8)

–1.2

7.9

1.3 (0.6:2.1)

Walking speed (m/s)

83.9 (26)

0 (0)

16.1 (5)

–0.2

0.5

0.2 (0.1:0.2)

Body mass index (kg/m2 )

47.2 (17)

5.6 (2)

47.2 (17)

–1.9

1.4

0.0 (–0.3:0.2)

Weight (kg)

47.2 (17)

5.6 (2)

47.2 (17)

–7.0

4.1

–0.2 (–0.9:0.6)

Total fat mass (kg)

55.6 (20)

2.8 (1)

41.7 (15)

–10.7

3.1

–0.6 (–1.4:0.3)

Total body fat (%)

61.1 (22)

0 (0)

38.9 (14)

–6.9

3.5

–0.5 (–1.1:0.2)

Waist circumference (cm)

55.6 (20)

13.9 (5)

30.6 (11)

–9.0

3.0

–1.6 (–2.6:–0.5)

VO2peak (l/min)

55.2 (16)

24.1 (7)

20.7 (6)

–0.3

0.7

0.1 (0.0:0.2)

VO2peak (ml/kg/min)

75.9 (22)

0 (0)

24.1 (7)

–3.5

8.3

0.9 (0.1:1.8)

Walking speed (m/s)

93.3 (28)

0 (0)

6.7 (2)

–0.1

0.4

0.1 (0.1:0.2)

Body mass index (kg/m2 )

60.0 (24)

2.5 (1)

37.5 (15)

–1.9

1.2

–0.2 (–0.4:0.0)

Weight (kg)

60.0 (24)

2.5 (1)

37.5 (15)

–7.1

3.9

–0.8 (–1.4:–0.1)

Total fat mass (kg)

59.0 (23)

2.6 (1)

38.5 (15)

–7.7

2.3

–0.7 (–1.3:0.0)

Total body fat (%)

59.0 (23)

2.6 (1)

38.5 (15)

–5.2

2.1

–0.5 (–1.1:0.0)

Waist circumference (cm)

47.5 (19)

12.5 (5)

40.0 (16)

–7.0

6.0

–0.6 (–1.6:0.4)

VO2peak (l/min)

52.0 (13)

32.0 (8)

16.0 (4)

–0.3

0.6

0.1 (–0.0:0.1)

VO2peak (ml/kg/min)

68.0 (17)

0 (0)

32.0 (8)

–4.1

8.2

0.8 (–0.2:1.8)

Walking speed (m/s)

65.7 (23)

2.9 (1)

31.4 (11)

–0.4

0.3

0.1 (0.0:0.1)

Change in outcome

Maximum Mean (95% CI)

Nordic walking group

Resistance training group

Control group

CI, confidence interval; VO2peak, peak oxygen uptake.
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Table 12. Determinants of change in body weight, body mass index, and walking speed.
Predictor
Change in body weight (n = 79)
(Constant)
Intensity of non-structured LTPA (MET)
Baseline Weight (kg)
Change in energy intake (kcal)
Nordic walking group
Resistance training group
Change in fiber density (g/1000g)
Change in carbohydrate intake (%E)
Change in fat intake (%E)
Change in protein intake (%E)
Change in body mass index, BMI (n = 80)
(Constant)
Relative intensity of non-structured LTPA (%)
2

Baseline BMI (kg/m )
Change in energy intake (kcal)
Nordic walking group
Resistance training group
Change in fiber density (g/1000g)
Change in carbohydrate intake (%E)
Change in fat intake (%E)
Change in protein intake (%E)
Change in walking speed (n = 95)
(Constant)
Intensity of non-structured LTPA (MET)
Nordic walking group
Resistance training group
Baseline walking speed (m/s)
Age (years)

beta

95% CI

p-value Partial R 2 Model R2

Model

6.0
–0.25
–0.06
0.001
–1.4
0.6
0.04
0.05
–0.02
0.2

2.63 : 9.34
–0.45 : –0.06
–0.09 : –0.03
0.0001 : 0.001
–2.28 : –0.60
–0.30 : 1.50
–0.09 : 0.16
–0.03 : 0.13
–0.10 : 0.05
0.08 : 0.32

0.001
0.012
0.001
0.028
0.001
0.190
0.559
0.227
0.519
0.001

0.088
0.154
0.068
0.144
0.024
0.005
0.021
0.006
0.142

0.474

<0.001

1.38
–0.01
–0.04
0.0003
–0.43
0.18
0.01
0.02
–0.01
0.07

0.15 : 2.60
–0.01 : –0.001
–0.08 : –0.001
0.00004 : 0.001
–0.71 : –0.14
–0.12 : 0.49
–0.03 : 0.05
–0.01 : 0.04
–0.03 : 0.02
0.02 : 0.11

0.028
0.030
0.045
0.024
0.004
0.239
0.629
0.211
0.700
0.003

0.065
0.056
0.070
0.111
0.020
0.003
0.022
0.002
0.121

0.389

<0.001

0.053
0.023
0.071
0.042
–0.128
0.003

–0.36 : 0.46
0.01 : 0.04
0.01 : 0.13
–0.02 : 0.11
–0.28 : 0.02
–0.001 : 0.01

0.796
0.002
0.025
0.191
0.086
0.128

0.100
0.055
0.019
0.033
0.026

0.195

0.001

LTPA, leisure-time physical activity; MET, metabolic equivalent of task. P < 0.05 statistically significant.

non-structured LTPA was associated with a change in fat mass (r = –0.36, P =
0.025) and percentage of body fat (r = –0.43, P = 0.006). Both in NW and RTgroup, the associations remained relatively unchanged when the combined effect
of dose of non-structured LTPA and SPEA was investigated. In addition, no
significant correlations were found between the intensity or volume of SPEA and
the changes in outcomes either in the NW-group or the RT-group.
Multivariate linear regression analyses were performed on the pooled group
data (Table 10) for those outcome variables (change in body weight, BMI, and
walking speed) that were found to be correlated with the dose determinants of
non-structured LTPA, SPEA, or total LTPA. The forced entry models were
adjusted for the baseline value of the dependent variable, intervention group, and
the confounding factors. One MET increase in the TWA-MET of non-structured
LTPA was associated with a decrease of –0.25 kg (95% CI, –0.45:
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Figure 16. The change in walking speed (A), body weight (B), and body mass index (C) in relation to
the time-weighted average intensity (TWA-MET) or relative TWA-MET (%TWA-MET) of nonstructured leisure-time physical activity (LTPA) in different intervention groups and plausible
effective thresholds. MET, metabolic equivalents of task; METc, peak oxygen uptake
expressed in MET.

–0.06, p = 0.012) in body weight and an increase of 0.023 m·s-1 (95% CI, 0.01:
0.04, p = 0.002) in walking speed. After adjustments, TWA-MET explained 10%
of the total variance of change in walking speed and 9% of the total variance of
change in body weight. In addition, one percentage point increase in %TWA-MET
was inversely associated with a decrease of –0.01 kg/m2 (95% CI, –0.01: –0.001, p
= 0.030) in BMI. %TWA-MET accounted for 7% of the total variance in the BMI
response to exercise intervention. In all three variables, the percentage of
responders increased significantly after the intensity of non-structured LTPA was
greater than 6.3 MET or 77% of METc, which can indicate a possible effective
threshold for increase in walking speed or decrease in body weight or BMI (Figure
16).
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6

DISCUSSION

6.1 MAIN FINDINGS
The present study investigated: 1) the effects of a 13-day rehabilitation or a 12week exercise intervention on total daily physical activity and its subcategories (III), 2) the dose of RT and NW in relation to dose of non-structured LTPA (III), 3)
the effect of structured NW or RT interventions on risk factors of type 2 diabetes
(IV), and 3) the effect of non-structured LTPA on body compostition and physical
capacity responses to exercise (Wasenius et al. unpublished observation).
Both rehabilitation and Nordic walking exercise intervention increased the
volume of total LTPA from baseline. During the exercise intervention the volume
of total LTPA level was, however, similar between the exercise groups and the
control group. No increase in the volume of total physical activity was detected
with rehabilitation, NW, or RT intervention.
The 12-week structured NW intervention resulted in decreased circulating
chemerin, leptin, adiposity, and increased fitness index compared to the nonexercising controls, whereas RT intervention decreased only circulating chemerin.
The large inter-individual variability found in body composition and physical
capacity responses to exercise was found to be associated with the intensity of
non-structured LTPA. The intensity of non-structured LTPA explained 10%, 9%,
and 7% of the change in walking speed, body weight, and BMI during the
structured exercise intervention. The results of this study also suggest that the
effect of non-structured LTPA becomes more evident when the intensity threshold
of 6.3 MET (77% of METc) is exceeded (Wasenius et al. unpublished
observations).

6.2 INTERPRETATION OF THE RESULTS
6.2.1 THE EFFECT OF REHABILITATION INTERVENTIONS ON HIGHER
INTENSITY PHYSICAL ACTIVITY (I)
The active in-patient rehabilitation program resulted in an increased volume of
LTPA. The increase in LTPA was, however, compensated by decrease in the
volume of MHPA and OPA. In this type of full board rehabilitation intervention,
subjects are free from occupational and mandatory domestic physical activities,
thus providing more time for rest and LTPA. The shift of physical activities from
one subcategory to another was also supported by the distribution of physical
activities performed with an intensity of ≥50%METc in different subcategories. In
everyday life, 63% of such were performed in OPA and MHPA, while during the
rehabilitation intervention 59% of such activities were accounted by LTPA (I).
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It could have been expected that the fatigue induced by the exercises
performed during the official structured rehabilitation program might have
limited the subjects’ capacity or willingness to exercise during the non-structured
hours. However, it seems that the lack of compulsory daily living activities of
everyday life outweighs the physical demand of the official program. In fact, inpatient rehabilitation intervention may have positive influence on several factors
that may enhance the performance exercises. By decreasing mandatory OPA and
MHPA activities, more time is available for exercise. Lack of time has been one of
the leading factors that prevent people from exercising (Brownson et al., 2001;
Mier et al., 2007). This can be especially important among women who generally
are more engaged in domestic activities and childcare than men. Subjects may also
experience that the physical stress and strain of a physically demanding
occupation provides sufficient workout and no further recreational activity is
required (Brownson et al., 2001). Thus, the lack of physical demands of OPA
during in-patient rehabilitation may activate the greater daily level of LTPA,
especially among subjects with physically strenuous occupations. From a
psychological and sociological perspective, group based rehabilitation may provide
a safe and motivating environment and also social connections that support the
performance of LTPA (Hays and Clark, 1999; Kamphuis et al., 2008). Moreover,
the exercise facilities of the rehabilitation center (e.g. gym, pool, dancing, lake,
walking pathways in the forest) were readily available for subjects. Several
previous studies have reported that the lack of facilities or insufficient space at
home can prevent people from exercising (Brownson et al., 2001; Mier et al.,
2007; Skowron et al., 2008; Piana et al., 2013). A rehabilitation center, which
provides good facilities, can encourage people to perform more daily LTPA or it
can inspire subjects to try new types or modes of recreational activities.

6.2.2 THE EFFECT OF EXERCISE INTERVENTIONS ON HIGHER INTENSITY
PHYSICAL ACTIVITY (I)
During the exercise intervention, the volume of LTPA was lower in the NW-group
compared to the randomly assigned non-exercise C-group, whereas no difference
was found in the volume of total LTPA (LTPA + SPEA) (III). The volume of total
LTPA was also similar between the RT-group and the C-group. These findings
seems to suggest that the exercise intervention induced a compensatory decrease
in the daily LTPA, if it is assumed that the randomization procedure was powerful
enough to equally distribute the confounding factors between the treatment
groups and the control group. Theoretically the mean LTPA should have been
equal across randomized groups both before and during the intervention, and the
difference in the volume of total LTPA should have been no less or greater than
the dose of SPEA. In the present study, the baseline volume of LTPA was similar
between the groups according to the sample of the subjects included in the study
II. Within the subsamples, it was possible to investigate the actual change in total
LTPA from baseline. In contrast to the whole sample analysis, this analysis
revealed that the 12-week Nordic walking intervention increased the volume of
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total LTPA compared to the C-group. Whether or not this finding applies to the
whole sample cannot be determined. It is possible that the subsample selectively
included only those subjects who were especially motivated for lifestyle change.
Due to the selection bias and differences in the physical activity measurement
methods, it is emphasized that the results of the two studies are not comparable. It
could, however, be possible that the inclusion of the baseline data and analyzing
the true change in physical activity gives a more definitive picture of the change in
physical activity.

6.2.3 THE EFFECT OF PHYSICAL ACTIVITY INTERVENTIONS ON TOTAL
PHYSICAL ACTIVITY (I–II)
In spite of the increased volume of total LTPA with both the rehabilitation and
exercise intervention, no increase in the volume of total physical activity was
observed (I, II). In fact, the volume of total physical activity decreased with
rehabilitation intervention. These findings indicate that in rehabilitation the RIPA
or LTPA were unable to compensate the lack of OPA and “obligatory” MHPA
activities. While in exercise intervention, the results indicate that individuals were
prone to compensate the change in volume of total LTPA by decreasing the volume
of other physical activities (II).
Together, these findings paint a disappointing picture. The intervention that
liberates more time by decreasing the amount of obligatory activities and offers
extensive facilities to exercise, does not provide an increase in total physical
activity. Unfortunately, neither does the exercise intervention that is aimed to
decrease sedentary behavior during leisure hours. Interestingly, the volume of
activities that reached the intensity of ≥50%METc was also unchanged with
rehabilitation intervention and resistance training but increased with Nordic
walking. Taken into account the constancy in physical activity, it would seem that
people are programmed to function at a specific physical activity level, which is
hard to overcome, as suggested by the ActivityStat hypothesis (Gomersall et al.,
2013). Whether this resistance to change is mediated by genetic, physiological,
psychological, environmental or other possible factors cannot be determined in
the present study. According to a recent review by Baumann et al. (2012), the
human physical activity is regulated by multiple related factors. Their roles are,
however, poorly understood. For a long-lasting behavioral change, it may be
necessary that the intervention is able to induce adaptive neuroplasticity in the
brain (Peterson, 2012). Peterson (2012) has hypothesized that a longer
intervention may be required to achieve a sustainable new level of physical
activity. This suggestion is supported by the fact that compensatory behavior is
more commonly observed with shorter interventions as reviewed in chapter 2.2.3.
The mechanisms concerning neuroplastic changes and physical activity are,
however, a relatively unexplored area (Peterson, 2012). Possibly the most
successful interventions are such that activate dopaminergic pathways of the
brain, as these pathways has been associated with the regulation of physical
activity. The dopamine system regulates reward behavior, addictive behavior,
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motivation, and motor control, for example by increasing the transcription and
function of dopamine receptors or related neuropeptides (Knab and Lightfoot,
2010). Longer interventions could also enable greater dose of intervention due to
the progression of exercise program. This could ultimately have a greater
beneficial effect on total physical activity profile and hence the health indicators.
The fact that no increase in the volume of total physical activity was observed
with exercise intervention indicates a presence of compensatory behavior. In this
study, a weekly change in the volume of total LTPA was inversely associated with a
weekly change in the volume of NLTPA, which supports compensatory behavior in
both exercise groups (NW and RT) (II). There was however, no such association
found between the weekly volume of SPEA and weekly change in NEPA. These
findings would suggest that structured exercise could modulate daily physical
activity in multiple ways. For example, participation in structured NW
intervention can increase the volume of daily higher intensity activities, but
simultaneously it can decrease the volume of low intensity physical activities. This
finding is supported by a previous study by Colley et al. (2010), in which an 8week walking intervention increased the amount of vigorous physical activities
while no change in total energy expenditure was observed. In contrast, in spite of
evident compensation, no change in time spent on leisure and sport activities was
found in elderly people (mean age 63 years) after 14 weeks of cycling training
performed at the intensity of 50% of VO2max with high intensity intervals
exceeding of the lactate threshold (Morio et al., 1998). It is likely that the interval
cycling was relatively more strenuous than the Nordic walking in the present study
or the walking in the study by Colley et al. (2010). In addition, the post exercise
recovery may be disturbed by age (Deschenes et al., 2006). Thus, both the physical
demands of the exercise intervention and the individual’s ability to recover from it
can predict the individual’s willingness to perform additional high intensity
physical activities during physical activity intervention.
Moreover, the proportion of this types of exercise interventions are small
compared to the volume of total physical activity, thus it is reasonable to expect
that their effect on total physical activity is marginal. Although the mean intensity
of exercises, especially aerobic type, usually exceeds those of the daily activities,
the time used for such activities accounts for only few hours (e.g. 3 x 1 hours per
week) of total weekly hours (168 hours) or 2%. Thus, smaller intensity variations
in daily activities can allow greater changes in the total energy expenditure simply
as the result of amount of time used for such activities (Tremblay et al., 2007). In
addition, time to perform newly prescribed structured exercises has to be taken
from some other types of activities as shown in Figure 17, which further decreases
possibilities of exercise to increase the volume of total physical activity. Therefore,
the exercise induced increase in daily physical activity is directly proportional to
the net difference between the dose of structured exercise and the dose of replaced
activities as shown in Figure 17. It is generally recommended or assumed that the
prescribed exercises will replace resting type low intensity activities of daily living,
thus maximizing the net increase in energy expenditure (Figure 17, example C).
This type of recommendation was also given to all subjects in the present exercise
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Figure 17. Different possibilities (A, B, C) to replace and increase daily physical activities with structured
exercise.

intervention study. It is, however, possible that the exercises replace some other
types of higher intensity activities (Figure 17, examples A and B), thus diminishing
the net change in energy expenditure.
After exercise, there are most likely multiple metabolic, physiological,
psychological, behavioral, and sociological factors and genetic pathways activated
that determine the post-exercise susceptibility for compensatory behavior (King et
al., 2007; Knab and Lightfoot, 2010; Bauman et al., 2012; Pedersen et al., 2012).
Possibly, the most common factors that have been associated with compensation
are reward behavior and fatigue. Goran and Poehlman (1992) found no increase in
the total energy expenditure among elderly subjects who performed cycling
exercise three times a week for 8 weeks with an intensity of 60–85% of VO2max
until 150–300 kcal of energy per session was expended. It was suggested by the
authors that the intensity of the intervention could have been too strenuous for
subjects during the final weeks of the training when the measurements were
performed, which may have induced severe fatigue and compensatory decrease in
NEAT. On the other hand, Colley et al. (2010) have reported similar compensatory
decrease in NEAT with intervention, in which obese middle aged women were
instructed to walk four times a week with mean heart rate of 129–137 bpm. In
addition, interval cycling with an intensity varying between 50% of VO2max and
lactate threshold also resulted in compensation (Morio et al., 1998). Thus, it would
seem that exercise induced fatigue is not the only factor explaining the
compensatory behavior. Reward behavior, which is often linked to feeding and
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energy balance regulation, may also be a factor for physical activity. Involvement
with exercise may encourage subjects to reward themselves with extra rest or opt
out of the daily high intensity physical activities and replace them with lower
intensity physical activities. The pathways and factors that regulate compensation
and their relationships remain unknown, but they are possibly related to the
regulation of body’s homeostasis, energy balance, motivation, and reward
behavior. The findings of the present study suggest that compensatory behavior to
exercise varies between individuals. It is also possible that these factors vary
within individuals and clinical groups as a function of time due to adaptive
neuroplastic responses and other individual and environmental factors.
The subjects in this study represented two different clinical groups (chronic
pain patients and prediabetics), which could have altered physical activity
(compensation or activation) response to exercise types of interventions. The
association between the chronic pain and physical activity may be resiprocal.
Previous studies have reported that chronic pain is associated with decreased
physical activity (Patel et al., 2013; Hallman et al., 2013; Soysal et al., 2013; Dansie
et al., 2014). While Pinto et al. (2014) have reported that higher baseline physical
activity was associated with less pain and disability during a one-year follw-up in
patient with low back pain. The inactivity associated with chronic pain could result
from the fear-avoidance of pain, although the evidence is inconsistent for general
physical activity (Leeuw et al., 2007). As suggested by Leeuw et al. (2007) it seems
more likely that people with chronic pain avoid only those types of activities that
they associate with pain aggrevation. Interestingly, it has been hypothesized that
dopamine may be related to initiation of avoidance behavior (Becker et al., 2013).
These findings could suggest that the regulation or response to physical activity or
exercise intervention could be different between chronic pain and pain-free
patient from the neuropeptide level onwards.
Furthermore, in exercise intervention study the subjects were most likely leptin
resistant (peripheral and/or central) (Maffei et al., 1995; Pan et al., 2014).
Decreased leptin sensitivity could decrease physical activity energy expenditure
(Pelleymounter et al., 1995; Salbe et al., 1997). In addition, leptin resistance could
also reduce function of orexin – a hypothalamic neuropeptide which is a possible
regulator of NEAT (Kotz et al., 2012). NEAT is a major component of exercise
related compensation (Levine et al., 1999). There may be also other factors
(genetic or environmental) that had detrimental effects on physical activity and
predisposed subjects for a particular clinical condition. Therefore, the
modification of daily physical activity of these clinical groups may differ from that
of the healthy individuals.

6.2.4 THE EFFECT OF STRUCTURED EXERCISE ON RISK FACTORS OF
TYPE 2 DIABETES (IV)
In the present study, Nordic walking seemed to be more effective than power-type
resistance training in inducing beneficial effects on risk factors for type 2 diabetes.
The physical dose of interventions were identical in the sense of duration and
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frequency, however, the intensity in the NW-group, and hence volume, was almost
twice as high as in the RT-group.
Both types of interventions reduced serum chemerin concentrations. These
findings are consistent with other studies (Saremi et al., 2010; Stefanov et al.,
2013; Neuparth et al., 2014). The decreased levels of chemerin can imply
increased insulin sensitivity especially in the liver or prevention of progression of
non-alcoholic fatty liver disease (NAFLD). The latter explanation seems more
fitting in the present study, as no change in HOMA-IR was found. The plasma
leptin level also decreased in the NW-group but not in the RT-group, which
supports the previous evidence on people with IGR (Loimaala et al., 2009; Ku et
al., 2010). In a study by Boudou et al. (Boudou et al., 2003), however, no change
in leptin was found after 8-weeks of aerobic training. The leptin level is closely
associated with the size and number of adipocytes. Thus, the change in leptin
could have mirrored the change in body fat or it could also indicate an improved
leptin sensitivity. Reduced leptin resistance can also have health effects, including
increased peripheral fatty acid oxidation that limit the accumulation of
triglycerides in tissues, decreased energy intake, or increased energy expenditure.
In the NW-group, but not in the RT-group, a significant decrease in adiposity
was observed. In both groups, the fat-free mass remained unchanged. The amount
of weight reduction in the NW-group is comparable with the amount commonly
found with aerobic exercise (Boutcher and Dunn, 2009). The resistance training
effect on adiposity has been suggested to result mainly from increased basal
metabolic rate due to the increased muscle mass (Donnelly et al., 2009). The
duration of the current resistance training intervention was probably too short to
induce substantial increase in muscle mass. In addition, the type of resistance
training program applied was not aimed for increasing muscle mass, but rather
activating type IIb muscle fibers. Some evidence suggests that greater percentage
of type IIb is directly associated with obesity and inversely associated with insulin
resistance in humans (Lillioja et al., 1987; Tanner et al., 2002). Resistance training
could have resulted in greater muscle specific physical stress and strain, but due to
the intermittent nature of resistance training, the continuous Nordic walking
resulted in greater total energy expenditure. In addition, the relative intensity of
Nordic walking (median 73% of METc) was close to 47–64% of VO2max level at
which the maximum fat oxidation per unit of energy expended is achieved (Achten
and Jeukendrup, 2004). On the other hand, in the RT-group, a greater proportion
of energy for exercises was most likely derived from high-energy phosphates and
glycolysis due to the short bursts of maximal velocity movements. Furthermore,
12-weeks of aerobic training, but not resistance training, increased the feeling of
fullness in fasting and postprandial states, which could support weight loss (Guelfi
et al., 2013). These differences in interventions could explain why weight loss
response to NW excelled that of the RT.
From all physical capacity or performance related parameters, only UKK
fitness index increased in the NW-group, whereas no change was found in the RTgroup. These findings suggest that Nordic walking intervention can improve
individuals’ functional capacity related to walking without altering VO2peak.
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Improved functional capacity together with reduced body weight could have
enabled in part the observed increase in volume of high intensity physical
activities.

6.2.5 LEISURE-TIME PHYSICAL ACTIVITY AND RESPONSE TO EXERCISE
(UNPUBLISHED)
In the last part of this study, the effect on non-structured LTPA on adiposity and
physical capacity was explored. The individual variability in response to training
was large in both the body composition variable and in the physical capacity
variables, which is consistent with previous findings (Bouchard and Rankinen,
2001; Hautala et al., 2006; King et al., 2008; Church et al., 2009; Hautala et al.,
2009). The intensity of non-structured LTPA, especially after 6.3 MET (77% of
METc) threshold, explained 10.0% of walking speed, 9% of body weight, and 7% of
BMI response. The observed association would suggests that the intensity of nonstructured LTPA changed with intervention, albeit we were unable to measure the
actual change in daily physical activity.
The evidence concerning the effect of non-exercise physical activity on physical
capacity variables is limited. In the present study, no association was found with
the non-exercise physical activity and the change in VO2peak. In contrast, Hautala
et al. (2012) have reported that the greater volume of habitual physical activity
during a high to very high intensity aerobic training intervention was associated
with the change in VO2max in physically active men. Their analysis, however,
included total physical activity, physically more demanding intervention and more
fit subjects, which could explain the differing results. High intensity training has
also been shown to increase walking speed in stroke patients (Kuys et al., 2011)
and walking distance in Parkinson’s disease patients (Rose et al., 2013) during a 6
minute walk test. These findings would support the suggestion that high intensity
non-structured LTPA could have increased the functional capacity of the subjects.
It is also intriguing to infer that increased functional capacity could also have
resulted in greater energy expenditure in daily living and thereby have positive
effects on metabolic health.
To support our findings, exercise induced change in non-exercise physical
activity energy expenditure has been associated with a change in body weight
(Goran and Poehlman, 1992). In the present study, however, non-structured LTPA
was not associated with a change in fat mass. Albeit, the change in fat mass has
previously been associated with a change in non-exercise energy expenditure
(Manthou et al., 2010). To support our findings, a change in fat mass has not been
associated with a change in time used for higher intensity physical activity
(Barwell et al., 2009). According to Manthou et al. (2010), a change in nonexercise energy expenditure explained 13% of the variance of change in fat mass.
Taken together with the present findings, it seems that non-exercise physical
activity, either intensity or volume, can account for approximately 5–15% of the
change in adiposity response to training.
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The proportion explained by the intensity of non-structured LTPA of the interindividual variability in response to training was close to that of the other possible
confounders included in the multivariate models. Especially the proportion
explained by change in energy intake of the body weight (7%) and BMI (7%)
response was surprisingly similar. Dietary intake may have been modified by the
intensity of non-structured LTPA. Intensive exercises have been shown to
suppress feeling of hunger, decrease orexigenic (appetite stimulant) hormone
ghrelin concentration, and increase anorexigenic (appetite suppressor) hormone
peptide YY concentration (Broom et al., 2007; Broom et al., 2009; King et al.,
2010; Crabtree et al., 2014), all of which can decrease post-exercise energy intake.
The recent meta-analysis on 29 studies, however, suggests that intensive exercise
does not affect 0–2-hour post exercise dietary intake, thereby resulting in negative
energy balance (Schubert et al., 2013). The negative energy balance may have been
increased by excess post exercise oxygen consumption (EPOC), which has been
shown to increase with exercise intensity (LaForgia et al., 2006). In a review by
LaForgia (2006), EPOC was estimated to increase energy expenditure by 7–14% of
that of the exercise. With the NW intervention, as applied here, EPOC could
induce approximately 1.5 kg fat loss in a year (LaForgia et al., 2006). Thus, the
effect of EPOC on weight loss during a 12-week intervention is marginal
Furthermore, the possible increase in higher intensity of non-structured LTPA and
EPOC together with stable dietary intake could have induced a negative energy
balance that resulted in weight loss as described in Figure 17.
Interestingly, the volume of non-structured exercise was not found to explain
the adiposity response to exercise, which supports some previous findings (Bond
Brill et al., 2002; Church et al., 2007). Some studies have reported that greater
volume of exercise with similar intensity (50% of VO2peak or 70% maximum heart
rate) has not resulted in greater reduction of body weight or fat percentage in
overweight or obese postmenopausal women with elevated systolic blood pressure
(Church et al., 2007; Donnelly et al., 2013). Similarly, increasing the duration of
walking exercise with diet has not resulted in increased weight loss over diet alone
intervention (Bond Brill et al., 2002). In contrast, Nybo et al. (2010) have
suggested that running exercise that includes near maximal intervals is less
effective than prolonged training in decreasing adiposity. In their study, however,
the volume of exercise was not controlled (Nybo et al., 2010). When the volume of
exercise has been controlled, a 12-week low-intensity (40–50% of VO2max) and
high-intensity (70–75%VO2max) training resulted in similar weight reduction in
obese Korean women with sedentary lifestyles (Cho et al., 2011).
Intensity of non-structured LTPA seems also to have a similar or larger
influence on training response than the baseline value of the dependent variable,
age, sex, race, or genetic inheritance (Bouchard and Rankinen, 2001; Mori et al.,
2009; Bouchard et al., 2011; Rankinen et al., 2012). Although combining
susceptible genetic variants increases their contribution (Bouchard et al., 2011;
Rankinen et al., 2012). In the present study, we were able to investigate the
association of intensity and volume of non-structured LTPA, change in energy and
macronutrient intake, the baseline value of the dependent variable in a same sex,
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race, and aged sample. However, the lack of genetic information may have affected
the present associations, especially due to its interaction with physical activity (Li
et al., 2010; Ahmad et al., 2013).
Furthermore, the challenge of measuring and quantifying true change in the
response variable may have affected the results; particularly, the phenomenon
known as regression to mean (RTM) (Davis, 1976). RTM means that a group of
subjects selected for intervention based on the single measurement of high (e.g.
overweight or obesity) or low (e.g. physical capacity) baseline value in outcome
will get, even without intervention, a lower or higher value in second (follow-up)
measurement (Davis, 1976; Yudkin and Stratton, 1996). The effect of RTM can be
decreased by measuring the response variable multiple times before (2–4 times)
and after the intervention and then calculate the difference between the mean
values (Davis, 1976). In the present study, we were unable to perform a genetic
analysis or multiple measurements due to the financial and practical limitations.

6.3 METHODOLOGICAL CONSIDERATIONS
In the exercise intervention study, the power of the samples was estimated to be
sufficient to detect a 0.2 mmol/L change in glucose levels. The size of the sample
may have been insufficiently powered to detect a change in physical activity and
that may have affected the results of the studies (II, III, Wasenius et al.
unpublished observations). No power calculations were performed in the
rehabilitation intervention study, as the goal was not to investigate the
effectiveness of the intervention, but rather to measure the change in physical
activity from a physiological point of view. This reasoning is also applicable for
study II. Based on the present findings, it is clear that the individual variation,
when it comes to change in physical activity, is large and that substantially larger
sample sizes may have been required for significant results.
The study designs were appropriate for both rehabilitation and exercise
intervention studies. A RCT study design, which is the most robust design to study
causal relationships, was applied for the exercise intervention study. Although, the
dropouts may have somewhat affected the randomization and thereby influenced
the results. In addition, the lack of blinding, especially blinding of the subjects,
which is almost impossible to achieve in exercise studies, may have influenced
their physical activity.
In the rehabilitation group, the estimates could have been improved by the
addition of a control group. It would have not, however, been possible to randomly
allocate subjects into intervention or control group, because the selection of
subjects was made by experts in KELA. The researchers could not influence this
selection procedure. Therefore, the sample consisted of volunteers and a selected
group of subjects, which diminishes the generalization of the findings. In the
exercise intervention, the generalization of the findings may also have been
affected by the partial volunteer sample.
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The physical activity measurements in this study were largely based on selfreports, either diaries or questionnaires. Self-reports by subjects with higher fat
percentage and by men have been shown to be associated with greater overreporting of high intensity physical activity and under-reporting of low physical
activity (Buchowski et al., 1999). Several other studies have also reported that selfreports (questionnaires and physical activity logs) are associated with overreporting of moderate to vigorous physical activity compared to accelerometers
(Macfarlane et al., 2006; Troiano et al., 2008; Boon et al., 2010) or heart rate
measurements (Macfarlane et al., 2006). The discrepancy between the methods
may somewhat be explained by the limited validity of waist accelerometers to
measure lifestyle physical activities with upper body movement, load carriage,
differing slope and surface of terrain (Jakicic et al., 1999; Hendelman et al.,
2000). In addition, the validity of accelerometers’ thresholds applied for moderate
physical activity were based on walking and jogging activities, which were
substantially larger (1952 counts and 2020 counts) than thresholds (190.7 counts
and 574 counts) derived from field studies of lifestyle activities (Hendelman et al.,
2000; Swartz et al., 2000). Applying lower or larger range for moderate physical
activity is likely to increase the duration of such activities, thereby closing the gap
between the objective measurements and self-reports. In another study,
approximately 0.1 unit increase (from r = 0.24 to r = 0.32 or r = 0.35) in the
correlation coefficient between the self-reports and accelerometer was found when
the lifetyle activities based thresholds were used instead of those retrieved from
walking and jogging activities (Ainsworth et al., 2000a). Therefore, a significant
portion of the difference between the methods remains to be explained. Accroding
to Haskell (2012), it is possible that self-reports measure different or
complementary aspects of physical activity compared to objective methods. In the
present study, the possible over-reporting can be argued to have only minor
influence on present findings, as the analyses were based on the comparison of
groups with similar body weights and the investigation of change in physical
activity.
Furthermore, the aim in both datasets was to measure physical activity
continuously for several weeks, which limits the use of objective measures. In the
present data, financial limitation but also the limited data saving capacity of
objective monitors (accelerometers) and the limited battery life would have
increased the burden on subjects and on researchers. In addition, burden on
subjects due to wearing physical activity monitors continuously for several weeks
and reporting the wear time, recharging batteries, and possibly uploading the
saved file to a computer and sending the files to the researchers would have been
tremendous. In addition, objective measurements should be complemented by
some type of log or diary to obtain information about physical activity
subcategories. Possibly due to these limitations, several previous studies have
employed objective measures to measure 1–2 weeks of physical activity before the
intervention and 1–2 weeks during the middle and/or last weeks of exercise
intervention. This approach has also resulted in great number of incomplete
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measurements and missing data in some clinical trials (Hollowell et al., 2009;
Rangan et al., 2011).
In the present study, objective measurements with SWA were applied to
validate the MET-value estimations of the interventions. The applicability of this
method in clinical environment was first tested in study I. In study I, also a heart
rate based method was used, but it proved to be less reliable and more
complicated to analyze than SWA. Thus, the SWA was chosen also for the exercise
intervention study. MET-values for NW and RT training were similar to the
previous studies (Phillips and Ziuraitis, 2003; Phillips and Ziuraitis, 2004;
Hansen and Smith, 2009; Jurimae et al., 2009; Schiffer et al., 2009; Schiffer et al.,
2011). However, the mean MET-values used for the calculation of RT dose were
unable to account for the anaerobic, EPOC, and sinusoidal (exercise to recovery to
exercise) nature of RT energy expenditure, which may have affected the results of
the present studies (International Organization For Standardization, 2004; Scott,
2011). The accuracy of the multiple individual activities measured during the
rehabilitation intervention may have also increased the risk of error due to the
limitation in SWA validation studies for individual activities. Furthermore, the
average of all subjects was used to estimate the RIPA, which may have affected the
individual data. The RIPA was, however, a group based rehabilitation, in which all
subjects went trough the same program.
The risk factors of type 2 diabetes were measured with standard methods.
However, in the exercise intervention study, VO2peak estimation was based on the
one-minute steps with an increase of 25 W until the end-point of the test was
achieved. The increase may have been too steep for some subjects in order to
reach steady state in each step. The non-steady state exercise may have induced
exhaustion of the working muscles before the true VO2max was achieved. The test
was, however, performed similarly before and after the intervention, which
allowed! a comparison of the results. Albeit, it is possible that the physiological
nature of the test did not reflect well the physiological nature of the NW, which
could partially explain why no significant change in VO2peak was observed.
Inconsistently, structured exercise has been shown to induce 12% increase in
VO2max among subjects with type 2 diabetes in a previous meta-analysis (Boule et
al., 2003).
Statistical methods applied in this study followed the current tradition.
ANCOVA may have been more robust than non-parametric tests for change score
to detect significant between the group differences in risk factors of type 2
diabetes (IV) (Jamieson, 1999; Fitzmaurice, 2001). The non-normal distribution
of the data, however, enabled the use of this approach even after data
transformation. Furthermore, we did not impute the missing response data,
because the goal of this study was not to investigate the effectiveness of the
intervention. Therefore, the inclusion of dropouts from the trial by means of
imputation would have biased the exercise effect, albeit the estimates of clinical
effectiveness would have been more accurate.
Moreover, the inclusion of the baseline value of the dependent variable into the
regression analyses (Wasenius et al. unpublished observations) for change, as in
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the previous studies (Bouchard and Rankinen, 2001; Nikander et al., 2006), may
have biased the interpretation. In this approach, the baseline value is included on
both sides of the regression equation (Y2 – Y1 = b0 + bX1 + bY1 +
e) making it correlated with the error term. On the other hand, exercise response
is widely reported as a change score (Y2 – Y1) and it is well known that the baseline
value will have an effect on it. Thus, it would have been contradictory not to
include the baseline value to the model. In the present study, several multiple
linear regression analyses were performed with and without the baseline value as
a predictor, and the one showing most consistency and best fit was reported. The
best-fit model was estimated based on the proportion variation explained (R2),
lack of multicollinearity, normality, and heteroskedasticity of the residuals.

6.4 STRENGTHS AND WEAKNESSES OF THE STUDY
The major strength of the exercise intervention study was the randomized
controlled study design to investigate the effect of structured exercise on risk
factors of type 2 diabetes. There are many previous RCTs to investigate the
independent effect of exercise on the risk factors of type 2 diabetes (see Table 5).
The majority of these studies have been conducted on subjects with type 2
diabetes, whereas only few good quality trials have been performed on subjects
with IFG or IGT. Therefore, this study increases, albeit through surrogate
measures, current knowledge of the prevention of type 2 diabetes with structured
exercises alone interventions.
The present study also provides information about the effect of two different
types of physical activity interventions on total physical activity profile. Especially,
the strength of this study was the inclusion of intensity, both absolute and relative,
and volume of physical activity in different subcategories. Albeit intensity and
volume are related, they could independently contribute to different health
indicators. A vast majority of previous studies have focused solely on the energy
expenditure or duration of the exercise. Furthermore, physical activity measured
in MET-values and expressed in different subcategories of physical activity
enables the clinical applicability of the results beyond the general instructions that
motivate subjects to get involved in more exercise for health benefits.
A great emphasis was made in physical activity data analysis to achieve
physiological comparability of the results by imputation of the missing values. The
imputation was done with 1.5 MET or with 1.0 MET. It can be rightfully argued
that the imputation procedure was inadequate and inaccurate. We reasoned,
however, that a greater weakness would have been not to impute at all. Due to the
restriction in the data, it would have been overly complicated to use more
advanced imputations such as multiple imputation.
The percentage of completed structured exercise sessions was relatively low in
both the NW-group (61%) and the RT-group (67%). With greater adherence,
possibly more prominent effect could have been seen. This could have also
influenced findings on physical activity. In study III, the diary used to measure
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LTPA included only activities that were performed more than 30 minutes.
Although such activities are comparable with the exercise intervention activities,
the influence of shorter bouts of activity may have affected the results.
Furthermore, this study is somewhat limited in its ability to determine the effect of
exercise intervention on total physical activity and its subcategories due to the
small number of subjects with complete data. Therefore, the results should be
cautiously interpreted. The small and heterogeneous sample in study I may also
have influenced the results. These findings, however, indicate real life clinical
conditions, where group based intervention is applied to a group of individuals.

6.5 IMPLICATIONS OF THE FINDINGS
Clinicians and scientists worldwide are struggling to find ways to increase physical
activity among risk populations. The results of the present study suggest that
physical activity interventions performed in a controlled environment or in a form
of structured exercise can result in increased volume of higher intensity activities,
without changing the volume of total physical activity. This may result in health
benefits, although the inter-individual variation is large. Approximately 5–10%,
which can be an underestimation, of this variation can be accounted for by the
dose of non-exercise physical activity. Thus, the dose of on non-exercise physical
activity should be taken into account when prescribing or evaluating the
independent effect of exercise on risk factors for type 2 diabetes.
The physical activity questionnaires employed in this study could be directly
applied in a clinical environment, however, an electronic or web-based form with
built-in computing could be more efficient. Especially the subjects in the exercise
intervention study were requesting electronic questionnaires, which we were
unable to provide in the present study. The development of cost-effective and
sufficiently accurate tools for assessing the intensity and the volume of total
physical activity and its subcategories in clinical settings is required. The exercise
instructions and content of exercise programs should be based on these
measurements and on the full understanding of the limitations and possibilities of
the individual physical activity profile. Focusing solely on whether or not an
individual meets the current physical activity guidelines seems to be insufficient as
it includes only few percentages of the total physical activity. Thus, the total
potential of physical activity to induce health benefits remains unused. The
accumulation of evidence of health benefits of lower intensity physical activity
supports this conclusion (Hamilton et al., 2007; Katzmarzyk, 2010).
According to the present study, NW is a safe and easy exercise mode for
middle-aged men and it can have beneficial health effects in overweight or obese
men with IGR. NW seems to be more effective than RT to induce health effects,
albeit the health benefits of RT may require longer interventions and muscle
hypertrophy. The lean body mass remained unchanged in the present study in all
intervention groups. Thus, based on the current findings, NW can be
recommended as an alternative mode of exercise for men with impaired glucose
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regulation. In both the NW and the RT intervention, the adherence to training was
relatively low. Health care providers should focus on improving commitment to
physical activity change. in addition to effective dosage of exercise and physical
activity

6.6 IMPLICATIONS FOR FURTHER STUDIES
An overwhelming number of physical exercise and health related studies are
conducted annually. The basic assumption in exercise science is that the observed
responses to training are causal to training. The effect of prescribed exercise
intervention on total physical activity has been most often overlooked. The
investigation of causality has been based on the RCT study design and comparison
of group mean values to determine effect sizes. This is possible only if the one and
only difference between the groups is the intervention, which is idealistic. For
example, subjects randomly assigned into the exercise group, but not into the nonexercise control group, are forced to change their time usage due to the 24-hour
limit (Figure 17). Furthermore, if all subjects in the randomized group are not
replacing physical activities of similar intensity, the net physical activity change
induced by structured intervention is different. Thus, it is clear that even with the
RCT study design, the independent effect of exercise is affected by confounding
factors. Thus, the future dose-response studies should include the analysis of
change in intensity and volume of total physical activity and its subcategories. This
would enlighten the influence of NEPA on response to exercise.
The two types of interventions investigated in this study were not able to
increase the volume of total physical activity. In the future, interventions that try
to increase the intensity and volume of physical activity should be conducted.
These studies should be aimed for the total 24 hour period of the day rather than
to be limited in traditional exercise. To enable such studies, physical activity
measurement methods that allow feasible, reliable and valid ways to measure
intensity and volume of physical activity in the long-term should be developed. In
addition, analytical methods that can be used to investigate the associations
between the multifaceted inter-correlated physical activity data and individual
exercise responses should be developed. Generally, future exercise studies should
be more focused on clarifying the effect of exercise on the dose of daily physical
activity and its subcategories and the underlying regulative mechanisms. Better
understanding of such mechanisms is the only way to achieve effective
personalized prescriptions for both the intensity and volume of physical activity in
the future.
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7

CONCLUSIONS AND FUTURE DIRECTIONS

The present study investigated the effect of a 13-day in-patient physical active
rehabilitation and a 12-week exercise intervention on intensity and volume of daily
physical activity. In addition, the effect of exercise intervention on risk factors of
type 2 diabetes and the effect of intensity and volume of non-structured LTPA on
body composition and the physical capacity responses to training were studied.
Full board in-patient rehabilitation intervention that provides time and
extensive facilities for physical activity and exercise increased the volume of LTPA.
However, it resulted in a decreased volume of total physical activity. In the
exercise intervention study, NW, but not RT, increased the volume of total LTPA
(structured exercise + non-structured LTPA) from baseline compared to the nonexercise control group. Neither NW nor RT, however, induced an increase in the
volume of total physical activity (24 hours per day). Both NW and RT intervention
can decrease circulating chemerin levels, while only NW was effective in
decreasing circulating plasma leptin, body weight and fat percentage. At least in
the short term, NW may result in greater health benefits than RT in overweight or
obese middle aged men with IGR, although the individual differences in response
were large. Intensity of non-structured LTPA during structured exercise
intervention can explain 10%, 9%, and 7% of the variation of walking speed, body
weight, and BMI response to exercise, respectively. These associations were
independent of the randomized groups and other confounders. The effect of nonstructured LTPA seemed to systematically increase after exceeding the intensity
threshold of 6.3 MET (77% of METc). In addition, predictability of non-structured
LTPA of exercise response seems to be comparable to other predictors.
This study provides evidence that physical activity intervention can result in
increased volume of total LTPA in overweight or obese middle-aged men with
IGR; however, it does not at least systematically increase the volume of total
physical activity. The increased volume of total LTPA seemed to be associated with
a compensatory decrease in non-LTPA physical activity.
In the future, there is a great need for studies that further elaborate the
possibilities of intervention to increase physical activity. Furthermore, the factors
that regulate the dose of daily physical activity as a response to the intervention
should be determined. This would enable personalized prescription of intensity
and volume of physical activity and possibly a more effective treatment.
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