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4 Abstract  

ABSTRACT 

Kristiina Pälve (née Mansikkaniemi). Physical activity, cardiorespiratory 
fitness and cardiovascular health. The Cardiovascular Risk in Young Finns 
Study. From the Faculty of Medicine, Cardiology and Cardiovascular Medicine, 
Doctoral Programme in Clinical Research, Research Centre of Applied and 
Preventive Cardiovascular Medicine, University of Turku and Heart Center, 
Turku University Hospital, Turku Finland. Annales Universitatis Turkuensis, 
Medica-Odontologica, Turku, Finland 2017. 

 
Background: High physical activity and cardiorespiratory fitness may protect 
from the development of cardiometabolic disease outcomes but the mechanisms 
involved are not fully understood. 

Aims: The aims of this study were to examine the associations of physical 
activity and cardiorespiratory fitness with traditional and novel cardiometabolic 
biomarkers, fatty liver and carotid artery elasticity and intima media thickness in 
a longitudinal population-based cohort study. 

Participants and methods: This thesis is part of the Cardiovascular Risk in Young 
Finns Study. In 1980, 3,596 children and adolescents aged 3-18 years 
participated in the study. Self-reported leisure time physical activity including 
commuting activity was assessed by a questionnaire and blood samples were 
analyzed in 1986, 2001, 2007 and 2011. Carotid artery ultrasounds were 
examined in 2001 and 2007. A cardiopulmonary exercise test was undertaken in 
2008-2009 and liver ultrasounds were performed in 2011. 

Results: Physical activity and cardiorespiratory fitness were inversely associated 
with adiposity, heart rate, smoking, serum insulin, insulin resistance and C-
reactive protein levels in adults. Leisure-time physical activity in boys and young 
adults was associated with better carotid artery elasticity later in life. 
Cardiorespiratory fitness was inversely and independently related with the risk of 
fatty liver regardless of adiposity. 

Conclusions: Physical activity and cardiorespiratory fitness are favorably and 
independently associated with several cardiometabolic risk markers. These 
observations offer novel mechanistic insights into the beneficial effects of high 
physical activity and cardiorespiratory fitness on cardiometabolic disease 
outcomes. 

Keywords: Physical activity, cardiorespiratory fitness, risk marker, carotid artery 
distensibility, fatty liver 
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TIIVISTELMÄ 

Kristiina Pälve (o.s. Mansikkaniemi). Liikunta, hengitys- ja verenkierto-
elimistön kunto ja sydän- ja verisuoniterveys. Lasten Sepelvaltimotaudin 
Riskitekijät (LASERI) -tutkimus. Turun yliopisto, Lääketieteellinen tiede-
kunta, Kardiologia ja kardiovaskulaarilääketiede, Turun yliopiston kliininen 
tohtoriohjelma, Sydäntutkimuskeskus ja Sydänkeskus, Turun yliopistollinen 
keskussairaala. Annales Universitatis Turkuensis, Medica-Odontologica, Turku, 
Finland 2017. 

 
Tausta: Runsas fyysinen aktiivisuus ja hyvä hengitys- ja verenkiertoelimistön 
kunto voivat suojella sydän- ja verisuonisairauksilta, mutta mekanismeja ei vielä 
täysin tunneta. 

Tavoitteet: Tämän tutkimuksen tarkoituksena oli tutkia fyysisen aktiivisuuden ja 
hengitys- ja verenkiertoelimistön kunnon yhteyttä perinteisiin ja uusiin 
kardiometabolisiin riskitekijöihin, rasvamaksaan ja kaulasuonen venyvyyteen 
sekä seinämäpaksuuteen pitkittäisessä seurantatutkimuksessa.  

Menetelmät: Tämä väitöskirja on osa Lasten Sepelvaltimotaudin Riskitekijät –
tutkimusta. Vuonna 1980 tutkimukseen osallistui 3596, iältään 3-18 vuotta lasta 
ja nuorta. Liikuntatottumukset selvitettiin kyselykaavakkeella ja verinäytteet 
analysoitiin vuosina 1986, 2001, 2007 ja 2011. Kaulavaltimoiden ultraääni-
tutkimukset tehtiin vuosina 2001 ja 2007. Kliininen rasituskoe hengityskaasu-
mittauksin tehtiin vuosina 2008-2009. Maksan ultraäänikuvaukset tehtiin vuonna 
2011. 

Tulokset: Fyysinen aktiivisuus oli käänteisesti yhteydessä lihavuusmuuttujiin, 
sydämen leposykkeeseen, tupakointiin, seerumin insuliinitasoon, insuliiniresis-
tenssiin ja tulehdusmuuttujaan aikuisilla. Vapaa-ajan liikunta oli yhteydessä 
myöhemmin elämässä mitattuun parempaan kaulasuonen venyvyyteen pojilla ja 
nuorilla aikuisilla. Maksimaalinen hapenottokyky oli yhteydessä pienempään 
rasvamaksan riskiin lihavuudesta riippumatta. 

Päätelmät: Fyysinen aktiivisuus ja hengitys- ja verenkiertoelimistön kunto ovat 
itsenäisesti ja suotuisasti yhteydessä useisiin kardiometabolisiin riskitekijöihin. 
Nämä havainnot lisäävät mekanistista ymmärrystä fyysisen aktiivisuuden ja 
hengitys- ja verenkiertoelimistön kunnon suotuisista vaikutteista kardiometa-
bolisiin sairauksiin. 

Avainsanat: Fyysinen aktiivisuus, liikunta, hengitys- ja verenkiertoelimistön 
kunto, riskitekijä, kaulavaltimon venyvyys, rasvamaksa 
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apoA1 Apolipoprotein A1  
apoB Apolipoprotein B 
ASAT Aspartate aminotransferase 
BMI Body mass index 
BP Blood pressure 
Cdist Carotid artery distensibility 
CRP C-reactive protein 
DBP Diastolic blood pressure 
Dd Diastolic diameter 
Ds Systolic diameter 
GT Gamma-glutamyltransferase 
HDL High density lipoprotein 
HOMA-IR Homeostasis model assessment of insulin resistance 
IMT Intima-media thickness 
LDL Low density lipoprotein 
MET Metabolic equivalent 
oxLDL oxidized-LDL 
PA Physical activity 
PAI Physical activity index 
Pd Diastolic blood pressure 
Ps Systolic blood pressure 
SBP Systolic blood pressure 
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SDMA Symmetric dimethyl arginine 
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VO2peak Peak oxygen uptake 
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1. INTRODUCTION 

According to the World Health Organization’s latest review, cardiovascular 
diseases are the number one global cause of death. These diseases are responsible 
for 17.5 million deaths, most of which could be prevented by addressing 
behavioral risk factors such as tobacco use, unhealthy diet and obesity, physical 
inactivity and harmful use of alcohol by adopting population-wide strategies 
(WHO 2016). 

One interesting way to examine the biological and lifestyle factors underlying 
cardiovascular diseases would involve their assessment in a young and healthy 
cohort even before cardiovascular disease end-points emerge. This would make it 
possible to evaluate their association with traditional cardiovascular disease risk 
markers and to identify novel attributes contributing to the risk. The traditional 
risk markers for cardiovascular disease are considered to be older age, male sex, 
family history of cardiovascular diseases at a young age, smoking, elevated blood 
pressure, high values of low density lipoprotein (LDL) and low high density 
(HDL) cholesterol and impaired glycemic control (D'Agostino RB et al. 2008). 
However, new risk markers have been discovered, such as phospholipase A2 
enzymes (Mallat et al. 2010), serum amyloid A (Ridker et al. 2000) and 
asymmetric dimethylarginine (Lu et al. 2003). Increased artery intima-media 
thickness and decreased elasticity are recognized as surrogate markers of 
atherosclerosis (Arnett et al. 1994, de Groot et al. 2004). Fatty liver has also been 
established as a risk marker for cardiovascular disease (Adams et al. 2017). 

It has been known for millennia that physical activity has a positive effect on 
health. Already Susruta from India prescribed moderate daily exercise for his 
patients 600 years Before Common Era (BCE), Hippocrates from Greece (460-
370 BCE) wrote an exercise prescription for a patient suffering from 
consumption, and Claudius Galenus from Rome (129–210 CE) recommended 
exercise for patients to alleviate the symptoms of diseases (Tipton 2014). The 
protective mechanisms of physical activity on cardiovascular disease may 
include multiple influences on many risk markers. Physical activity is associated 
with reduced smoking rates (Kujala et al. 2007), favorable changes in lipid levels 
(Herzig et al. 2014), reduced insulin resistance (Schmidt et al. 2008) and less 
inflammation (Palmefors et al. 2014). High levels of physical activity have been 
associated with lower aortic intima-media thickness in adolescents (Järvisalo et 
al. 2001, Pahkala et al. 2011) and in cross-sectional studies, physical activity has 
improved arterial elasticity (Moreau et al. 2003, Nualnim et al. 2011). Previous 
studies have shown that cardiorespiratory fitness is inversely associated with 
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fatty liver in adult males although this association has been dependent on 
adiposity (Nguyen-Duy et al. 2003, Church et al. 2006, Minder et al. 2014). 

The main objectives of this thesis were to examine the associations of physical 
activity and cardiorespiratory fitness with traditional and novel risk markers and 
fatty liver in a rather large cohort including both males and females, and to study 
the effect of physical activity in children and young adults on carotid artery 
elasticity measured 21 years later. 
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2. REVIEW OF THE LITERATURE 

2.1. Physical activity 

2.1.1. Definition of physical activity 

Physical activity has been defined as any bodily movement produced by skeletal 
muscles that results in increased energy expenditure (Caspersen et al. 1985). 
Physical activity can be categorized in different ways; e.g. occupational, 
transportational (e.g. commuting) and leisure-time physical activity.  

2.1.2. Assessment of physical activity 

Physical activity can be assessed with several methods. The doubly labelled 
water technique is considered to be the most accurate way of assessing energy 
expenditure, but this procedure is expensive, difficult and the energy expenditure 
caused specifically by physical activity cannot be directly ascertained (Lamonte 
and Ainsworth 2001). Indirect calorimetry is also used to measure energy 
expenditure but it is difficult to accommodate into normal everyday life; it has 
been used to validate heart rate monitors, pedometers and accelerometers 
(Armstrong and Welsman 2006). 

The use of wearable monitors to directly measure various components of 
physical activity has increased. Heart rate monitors, pedometers and 
accelerometers are now widely available for assessing physical activity. 
However, although heart rate is not a direct measure of physical activity, it does 
provide an indication of the stress placed upon the cardiorespiratory system by 
physical activity (Armstrong 1998). Nevertheless, there is a strong linear 
relationship between heart rate and energy expenditure in the range between the 
moderate and more vigorous intensity physical activity, although this relationship 
is not as evident in the light intensity range (Butte et al. 2012). 

Pedometers, or stepcounters, count each step the subject takes by detecting the 
motion of the subject’s hip or foot. The accuracy of pedometers has improved 
within the past 10 years; they are now excellent for measuring steps at walking 
speeds > 2 mph (Crouter et al. 2003, Melanson et al. 2004). It has been proposed 
that about 10,000 steps per day is a sufficient number for a normally healthy 
adult (Tudor-Locke and Bassett 2004). Accelerometers record accelerations in 
gravitational units on one or more planes at sampling rates >1 time/second 
(typically 40–100 hz). Captured accelerations are then processed at a lower 
resolution (i.e., some fixed epoch) and then calibrated to a known criterion 
measure (e.g. doubly-labeled water). Most of the existing calibration studies rely 
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on a unitless intensity metric or “counts” and then apply thresholds to the 
collected data to output the duration and frequency of physical activity into 
sedentary, light, moderate, and vigorous intensities. There is still no consensus 
about how accelerometers should be used and how the output should be 
interpreted (Ainsworth et al. 2015).  

Objective methods are a more accurate way of measuring physical activity but 
most of these methods are also very expensive and time-consuming. Therefore, 
subjective methods, i.e. questionnaires, logs and diaries are often used to assess 
physical activity in large population-based studies. These subjective methods are 
relatively simple, inexpensive and non-invasive ways to assess physical activity. 
The limitation with the use of questionnaires, logs, and diaries is related to the 
accuracy of recall as well as the well documented reporting bias. In a review by 
Ainsworth et al., self-report questionnaires were shown to be accurate when 
describing high intensity physical activity but not when reporting low-to-
moderate intensity physical activity (Ainsworth et al. 1999). Similar findings 
were shown in the report published by Strath and colleagues (Strath et al. 2004). 

2.2. Cardiorespiratory fitness 

Physical fitness can be expressed in five major components: (1) a morphological 
component (body mass for height, body composition, subcutaneous fat 
distribution, abdominal visceral fat, bone density and flexibility); (2) a muscular 
component (power or explosive strength, isometric strength, muscular 
endurance); (3) a motor component (agility, balance, co-ordination, speed of 
movement); (4) a cardiorespiratory component (endurance or submaximal 
exercise capacity, maximal aerobic power, heart function, lung function, blood 
pressure); and (5) a metabolic component (glucose tolerance, insulin sensitivity, 
lipid and lipoprotein metabolism, substrate oxidation characteristics) (Bouchard 
and Shephard 1994, Vanhees et al. 2005). 

2.2.1. Definition of cardiorespiratory fitness 

In 1967, an international committee selected maximum or peak oxygen uptake as 
the reference standard of cardiorespiratory fitness (Shephard et al. 1968). After 
this selection, subsequent medical publications have equated cardiorespiratory 
fitness to oxygen consumption under conditions of maximal aerobic work 
intensity. Peak oxygen uptake is by definition, a reflection of maximal aerobic 
capacity during working conditions involving the continuous performance of the 
large muscle groups (Leaf 1985). 
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2.2.2. Assessment of cardiorespiratory fitness 

Cardiorespiratory fitness can be assessed with several methods. One of the 
earliest testing methods included stair climbing in which patients climbed as 
many stairs as possible to the end point of the exercise, or termination due to 
dizziness, chest pain, or, more typically, dyspnea and leg fatigue. The results 
were recorded variably as the number of stairs climbed, the flights of stairs 
ascended, or the time required to ascend the designated number of stairs (Olsen 
et al. 1991). The test was introduced in the 1960s as a preoperative assessment 
tool for thoracic surgery patients (Van Nostrand et al. 1968). Walking and 
running tests can be used to assess cardiorespiratory fitness. Different protocols 
have been developed, e.g. shuttle walk test (Singh et al. 1992), the 12 minute 
field performance test introduced by Cooper (Cooper 1968), 6 minute walk test 
(Butland et al. 1982), 2 km walking test (Laukkanen et al. 1992). These earlier 
mentioned tests are relatively simple “field tests”, requiring minimal equipment 
and technical support, and are easily implemented. However, the 
cardiopulmonary exercise test, involving the noninvasive assessment of inspired 
oxygen, and expired carbon dioxide, is uniquely able to evaluate the contribution 
of respiratory, cardiovascular, and peripheral tissue function in support of 
maximal exercise (Pichurko 2012) making it the gold standard, as any type of 
exercise involves a coupling of respiratory function, cardiovascular performance 
and ultimately oxygen uptake and utilization by peripheral tissues. 

2.2.2.1. Cardiopulmonary exercise test 
The cardiopulmonary exercise test represents a non-invasive global assessment 
of the integrative exercise response involving the pulmonary, cardiovascular, 
hematopoietic, neuropsychological and skeletal muscle systems (American 
Thoracic Society and American College of Chest Physicians 2003). The test can 
be performed on a treadmill or a cycle ergometer. On a treadmill, increasing 
exercise stress is produced by increasing the speed and grade. Walking and 
running on a treadmill are more strenuous and maximal oxygen uptake is 
reported to be 5–10% higher on a treadmill than on a cycle ergometer 
(Hermansen and Saltin 1969, McKay and Banister 1976). The cycle ergometer is 
generally less expensive and requires less space than the treadmill. It is also less 
prone to introduce movement or noise artifacts into measurements (e.g., ECG 
and blood pressure auscultation are generally easier to record on a cycle) and the 
rate at which external work is performed is easily quantitated (American 
Thoracic Society and American College of Chest Physicians 2003). A low 
cardiorespiratory fitness level independently predicts cardiovascular events, 
morbidity and mortality later in life (Blair et al. 1996, Blair 1996, Barlow et al. 
2006, Arena et al. 2008, Arena et al. 2011, Harber et al. 2017).   
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2.3. Physical activity and cardiorespiratory fitness 

Physical activity and cardiorespiratory fitness are closely related but are not 
synonymous (Bouchard and Shephard 1994). Physical activity is a behavior and 
cardiorespiratory fitness is an attribute. In general, physical activity increases 
cardiorespiratory fitness but physical activity needs to be of sufficient intensity to 
improve cardiorespiratory fitness. Furthermore, both physical activity and 
cardiorespiratory fitness are influenced by genetics (Bray et al. 2009, Rankinen 
et al. 2010) and it is suggested that there is shared genetics behind physical 
activity and cardiorespiratory fitness (Karvinen et al. 2015). There is also 
evidence that similar regular physical activity improves cardiorespiratory fitness 
with considerable heterogeneity (Bouchard and Rankinen 2001, Timmons et al. 
2010).  

There is little data on which specific genetic factors influence physical activity 
levels in humans. The physical activity level seems to be significantly lower in 
mitochondrial disease patients than in healthy subjects and higher physical 
activity has been associated with a lower clinical disease burden (Apabhai et al. 
2011). A large twin study has revealed that genetic factors play an important role 
in explaining individual differences in participation in physical activity (Stubbe 
et al. 2006). De Moor and colleagues have reported 37 single nucleotide 
polymorphisms in the PAPSS2 gene and in 2 intergenic regions on chromosomes 
2q33.1 and 18p11.32 that were associated with exercise participation (De Moor 
et al. 2009). 

Skeletal muscle consists of slow-twitch (type I) and fast-twitch (types IIa and 
IIb) muscle fibres. High endurance performance is associated with a high 
proportion of type I fibres and high speed and power capacities with type II 
fibres (Bergh et al. 1978). It has become evident that the A allele of 
monocarboxylate transporter 1 gene, which catalyzes the transport of lactate into 
myocytes for oxidation, is more prevalent among endurance athletes than among 
non-athletes (Fedotovskaya et al. 2014) and thus may thus indicate better 
cardiorespiratory fitness. 

According to Blair and colleagues’ extensive review, it is impossible to say 
which is more important for health, physical activity or cardiorespiratory fitness 
(Blair et al. 2001). The association between physical activity and health 
outcomes is weaker than that between cardiorespiratory fitness and health 
outcomes (Blair et al. 2001, DeFina et al. 2015). However, this could be due to 
problems in assessing physical activity in comparison with the more precise 
measurements of cardiorespiratory fitness (Blair et al. 2001). Nonetheless, 
because participation in physical activity is a behavior, this means that it can be 



 Review of the Literature 17 

 

modified. As a consequence of modifying physical activity, cardiorespiratory 
fitness can be modified and the subject’s health improved. 

2.4. Subclinical markers of arterial health 

Atherosclerosis starts to develop early in life; intimal thickening, lamellar 
irregularities and ruptures, foam cells, and fat have been discovered to exist 
already in infants’ carotid arteries (Bland et al. 1986, Pesonen et al. 1996, 
Weninger et al. 1999). These subclinical markers of atherosclerosis include 
thickening and stiffening of large artery walls, coronary artery calcification and 
endothelium-dependent vasoactivity. In this thesis subclinical atherosclerosis was 
evaluated by carotid artery intima-media thickness with elasticity being assessed 
by ultrasound.  

2.4.1. Arterial elasticity 

Central arteries, such as the aorta and carotid, lose their elasticity with age 
(Vaitkevicius et al. 1993, Tanaka et al. 1998, Juonala et al. 2008). It has been 
shown that arterial elasticity decreases with age already between ages 11 and 19 
years and this decrease is more pronounced in boys than girls (Mikola et al. 
2015). Decreased arterial elasticity is a risk factor for several cardiovascular 
outcomes: hypertension, atherosclerosis and coronary heart disease (Arnett et al. 
1994). It has been shown in cross-sectional studies that high levels of habitual 
physical activity is associated with improved carotid artery elasticity (Moreau et 
al. 2003, Nualnim et al. 2011) and reduced arterial stiffening in older adults 
(Gando et al. 2010, Nualnim et al. 2011). Van de Laar et al. have shown that 
lifetime vigorous, but not light-to-moderate, habitual physical activity is 
favorably associated with brachial and femoral artery elasticity (van de Laar et 
al. 2011). Chen et al. have demonstrated that a decrease in physical activity in 
males was associated with increased arterial stiffness (Chen et al. 2012). Physical 
activity reduces sympathetic activity which may lessen the peripheral 
vasoconstriction and therefore the elasticity of the arteries is maintained 
(Wilkinson and McEniery 2004). There is also evidence that physical activity 
may reduce oxidative stress and increase the expression and activation of nitric 
oxide synthase enhancing endothelium-dependent dilation of the arteries 
(Kingwell et al. 1997). Cardiorespiratory fitness has been associated with aortic 
elasticity in adolescents (Pahkala et al. 2013) and carotid artery elasticity in 
adults (Ferreira et al. 2003). 
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2.5. Cardiovascular disease risk markers 

Atherosclerosis is a multifactorial disease. Already in 1981, 246 risk markers for 
cardiovascular diseases had been identified (Hopkins and Williams 1981). The 
traditional risk markers for cardiovascular disease are considered to be older age, 
male sex, family history of cardiovascular diseases at young age, smoking, 
elevated blood pressure, high LDL and total cholesterol and impaired glycemic 
control (D'Agostino RB et al. 2008). In addition to these classical risk markers, 
many etiologic markers have been identified i.e. low socioeconomic status 
(Beauchamp et al. 2010), unhealthy diet (Gidding et al. 2009), heart rate (Bohm 
et al. 2015), air pollution (Koulova and Frishman 2014), homocysteine 
(Braunwald 1997), lipoprotein(a) (Saleheen et al. 2017) and chronic kidney 
disease (Sarnak et al. 2003) to name but a few.  

It has been previously shown in prospective studies that physical activity is 
inversely related to the incidence of coronary heart disease and its related 
mortality (Kannel et al. 1986, Leon and Connett 1991). Atherosclerotic 
cardiovascular disease has its roots in childhood, and exposure to risk markers 
may exert long-term adverse health effects (Taimela et al. 1996, Cleeman 1997, 
LaRosa 2001, Zieske et al. 2002). The level of habitual physical activity tracks 
significantly from adolescence to young adulthood (Raitakari et al. 1994, Telama 
et al. 2005, Telama et al. 2006), and that during the transition from childhood to 
early adulthood, persistent physical activity is associated with beneficial changes 
in other health-related behaviors and several biological risk factors (Raitakari et 
al. 1994, Raitakari et al. 1996). Participation in long-term vigorous physical 
activity has been associated with a lower risk for cardiovascular diseases such as 
ischaemic heart disease and stroke (Kettunen et al. 2015). 

According to the World Health Organization (World Health Organization 2010) 
children and youth aged 5 to 17 years should accumulate at least 60 minutes of 
moderate- to vigorous-intensity physical activity every day. Adults should 
undertake at least 150 minutes of moderate-intensity aerobic physical activity 
throughout the week or do at least 75 minutes of vigorous-intensity aerobic 
physical activity throughout the week or an equivalent combination of moderate- 
and vigorous-intensity activity. In Finnish adolescents, it was claimed that only 
10 % of girls and 23 % of boys met the current recommendations for health-
related physical activity (Tammelin et al. 2007). Physical activity was inversely 
associated with the time spent viewing TV, using the computer, and playing 
video games in both genders (Tammelin et al. 2007). A survey conducted in 
Finland in 2013 revealed that only 10 % of adults were as physically active as 
recommended by the World Health Organization (World Health Organization 
2010). Subjects with higher education, i.e. total school years more than 16, were 
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physically more active than subjects with lower education, i.e. total school years 
9 or less, even though higher educated individuals spent more time seated during 
working hours (Husu et al. 2014). Subjects with lower education sat more during 
leisure-time (Husu et al. 2014). 

2.5.1. Smoking 

There is a consensus that smoking contributes significantly to cardiovascular 
morbidity and mortality. Smoking impacts on all phases of atherosclerosis from 
endothelial dysfunction to acute clinical events, the latter being largely 
thrombotic, and both active and passive (environmental) cigarette smoke 
exposure predispose to cardiovascular events (Solberg and Strong 1983, 
Ambrose and Barua 2004). It has been proposed that acute and long-term 
exposure to cigarette smoke leads to changes in the balance of the autonomic 
nervous system, resulting in a sympathetic predominance, which in turn may 
cause atrial and ventricular arrhythmias, sudden death, and acute myocardial 
infarction and causes hemodynamic changes that exacerbate heart failure 
(Middlekauff et al. 2014). Smoking and passive smoking have been associated 
with intima-media thickness in adults (Raitakari et al. 2003, Chen et al. 2015) 
and the risk of type 2 diabetes (Patja et al. 2005). Parental smoking in childhood 
or adolescence have been shown to have an irreversible effect on carotid intima-
media thickness and reduced flow-mediated dilatation in brachial artery in 
adulthood (Juonala et al. 2012, Gall et al. 2014, Chen et al. 2015). 

Several studies have reported that high levels of physical activity are associated 
with reduced smoking rates (Marti et al. 1988, Dannenberg et al. 1989, Yancey 
et al. 2004, Kujala et al. 2007). Physical activity reduces the risk of myocardial 
infarction even in smoking females (Nayak et al. 2013) and males (Frank et al. 
1966). Physical activity may also protect from intima-media thickening in 
smokers (Katano et al. 2013). Persistent physical activity is related to less 
smoking in adolescents and young adults (Raitakari et al. 1994). Moderate- to 
vigorous-intensity physical activity has been shown to significantly associate 
with a reduction in cigarette cravings (Glass and Maher 2014, Haasova et al. 
2014). It has also been suggested that physical activity might increase dopamine 
levels in the brains thus providing an endogenous reward, making smoking less 
rewarding (Audrain-McGovern et al. 2006). There are also behavioral norms and 
attitudes among physically active people; smoking is inconsistent with physical 
performance and physically active people do not smoke.  
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2.5.2. Obesity 

In this thesis, obesity was studied by measuring waist and hip circumference and 
by calculating BMI and waist-to-hip ratio. 

It is well known that obesity is associated with hypertension, type 2 diabetes, 
dyslipidemia and major cardiovascular events i.e. non-fatal myocardial 
infarction, non-fatal stroke and cardiovascular death (Martin et al. 2008, Lavie et 
al. 2009, Cronin et al. 2013). Obesity tracks significantly from youth to 
adulthood (Raitakari et al. 2005) and parental BMI significantly predicts the 
offspring’s BMI in adulthood (Serlachius et al. 2016). Even babies born large-
for-gestational-age are more likely to be obese in adulthood and have increased 
carotid intima-media thickness, a marker of subclinical atherosclerosis (Skilton et 
al. 2014). 

Physical activity reduces total body adiposity and abdominal and visceral fat 
(Ross and Janssen 2001). Obesity in adulthood is directly related to adult 
physical activity (Yang et al. 2007). Physical activity has been shown to 
attenuate the association of the fat mass and obesity-associated gene with the 
odds of obesity, highlighting the importance of physical activity, in particular in 
those genetically predisposed to obesity (Kilpeläinen et al. 2011). One of the 
main aims of this thesis was to examine if physical activity would be associated 
with cardiovascular disease risk markers independently of obesity. 

2.5.3. Blood pressure 

Increased blood pressure is generally associated with cardiovascular mortality 
and cardiovascular events (Kannel et al. 2003, Conen and Bamberg 2008, Ward 
et al. 2012). There are reports that elevated blood pressure in adolescence seems 
to track significantly to adulthood (Bao et al. 1995, Chen and Wang 2008, Juhola 
et al. 2011) and elevated blood pressure is associated with increased carotid 
artery intima-media thickness in adolescents and adults (Polak et al. 2010, 
Kollias et al. 2013). Childhood systolic blood pressure was associated with high 
adult carotid intima-media thickness (Li et al. 2003, Raitakari et al. 2005) but 
this risk became reduced if the elevated blood pressure during childhood resolved 
by adulthood (Juhola et al. 2013). Elevated blood pressure in youth was also 
reported to be predictive of elevated adult arterial stiffness and endothelial 
dysfunction (Vos et al. 2003, Li et al. 2004, Juonala et al. 2006a, Ferreira et al. 
2012, Aatola et al. 2013). 

Physical activity is frequently associated with lower blood pressure and a 
reduced risk for the development of hypertension in older people, hypertensive 
adults and obese individuals (Arrol and Beaglehole 1992). In hypertensive 
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patients, physical activity reduces the risk of cardiovascular mortality (Rossi et 
al. 2012). However, in younger subjects, no association has been generally 
observed between physical activity and blood pressure among normotensive 
individuals (Alpert and Wilmore 1994). Physical activity is also associated with 
lower blood pressure in children with hypertension and/or obesity (Andersen et 
al. 2011). 

2.5.4. Lipids and apolipoproteins 

In this thesis, lipids were studied by measuring the concentrations of total 
cholesterol, HDL cholesterol, triglycerides and oxidized LDL and by calculating 
LDL cholesterol. The apolipoprotein metabolism was studied by measuring 
apolipoprotein AI and B. 

An increased concentration of LDL cholesterol has been associated with an 
increased risk of myocardial infarction and vascular death (Prospective Studies 
Collaboration et al. 2007). Findings from classic genetic studies suggest that 
early exposure to excessive LDL cholesterol, which is the result of mutations of 
the LDL receptor, results in markedly early atherosclerosis (Ridker 2014). 
Genetic defects that result in loss of function within the LDL receptor are a major 
determinant of inherited hyperlipidaemias, e.g. familial hypercholesterolemia, 
which lead to early atherosclerosis and a high risk of cardiovascular disease 
(Ridker 2014). Childhood LDL cholesterol is independently associated with adult 
carotid intima-media thickness (Li et al. 2003, Raitakari et al. 2005).  

Oxidized LDL (oxLDL), inducer of oxidative stress in endothelial cells, smooth 
muscle cells and macrophages and releaser of inflammatory cytokines, is 
associated with cardiovascular diseases (Ishigaki et al. 2009, Verhoye et al. 
2009). Vigorous physical activity seems to induce lipid oxidation (Fogarty et al. 
2011), but on the other hand, prolonged physical activity reduces oxidized LDL 
(Vuorimaa et al. 2005). 

High plasma levels of apolipoprotein B (LDL’s and very low density lipoprotein 
(VLDL)’s apolipoprotein) is a risk factor for atherosclerosis (Lusis 2000). It has 
been suggested that apolipoprotein B could be a better predictor of the 
cardiovascular risk than the concentrations of cholesterol in the LDL fraction as 
apolipoprotein B is a measure of the total number of atherogenic particles 
(including LDL, intermediate-density lipoprotein, VLDL, chylomicrons, and 
chylomicron remnants) (Benn 2009). 

It has been noted that many individuals with high triglyceride concentrations do 
not develop atherosclerosis and cardiovascular disease (Nordestgaard and Varbo 
2014). This paradox may be explained by the fact that at greatly elevated 
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concentrations, triglyceride lipoproteins are too large to enter into the arterial 
intima and therefore cannot lead to the development of atherosclerosis, but at 
mild–to–moderately raised triglyceride concentrations, lipoproteins are small 
enough to enter into the arterial wall and thus have the potential to accumulate 
and trigger atherosclerosis (Nordestgaard and Varbo 2014). It has been proposed 
that the cholesterol content of triglyceride-rich lipoproteins (remnant cholesterol) 
is more likely to be the cause of atherosclerosis and cardiovascular disease rather 
than the elevated levels of triglycerides per se (Nordestgaard and Varbo 2014). 
However, Do et al. have shown that genetically determined elevated triglyceride 
levels were independently and strongly associated with cardiovascular disease 
(Do et al. 2013).  

It has been established that high levels of HDL cholesterol are associated with a 
lower risk of cardiovascular disease (Gordon et al. 1977, Assmann et al. 1996, 
Barter et al. 2007, deGoma et al. 2008). However, recent studies have cast major 
doubts on the conventional HDL hypothesis. Large randomized clinical trials of 
HDL cholesterol -raising drugs have shown no benefit from the increased HDL 
cholesterol level on the incidence of major vascular events (Siddiqi et al. 2015). 
Human genetic studies have also failed to support the conventional HDL 
hypothesis (Siddiqi et al. 2015). Do et al. have shown that genetically determined 
low levels of HDL cholesterol levels were not associated with cardiovascular 
disease (Do et al. 2013). It was postulated that the functional properties of HDL 
would be more important in protection from atherosclerosis (Siddiqi et al. 2015), 
but presently these atheroprotective properties of HDL are not fully understood. 
One of the protective mechanisms could be HDL’s ability to promote efflux of 
cholesterol from cells, including macrophages (Rader et al. 2009). The 
cholesterol efflux capacity has been shown to associate inversely with the 
incidence of cardiovascular disease (Rohatgi et al. 2014). Low levels of HDL’s 
major apolipoprotein A1 have also been associated with a higher risk of 
cardiovascular disease (Contois et al. 1996, Andrikoula and McDowell 2008). 

Physical activity is favorably associated with lipids and apolipoproteins. Physical 
activity lowers LDL cholesterol (Lehtonen and Viikari 1978a, Ahmed et al. 
2012), oxidized LDL (Vasankari et al. 2000, Park et al. 2011), serum 
triglycerides level (Raitakari et al. 1997, Ahmed et al. 2012) and apolipoprotein 
B levels (Rönnemaa et al. 1980, Hostmark et al. 1992, Ahmed et al. 2012). The 
direct relationship between physical activity and HDL cholesterol levels is also 
well established (Lehtonen and Viikari 1978b, Raitakari et al. 1997, Ahmed et al. 
2012). Increased physical activity seems to increase the level of apolipoprotein 
A1 (MacAuley et al. 1996, Luc et al. 2000, Ahmed et al. 2011). Physical activity 
increases skeletal muscle lipoprotein lipase activity, which in turn leads to a 
reduction in the concentrations of the apolipoprotein-B and triglycerides and an 
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increase of HDL concentrations (Senti et al. 2001, Ahmad et al. 2011). In rats 
(Alessio and Goldfarb 1988) and in humans (Viinikka et al. 1984), physical 
training and adaptation to muscle work of long duration may alter the response of 
lipid peroxidation to exercise and thus lower the oxidized LDL concentrations. 
High levels of cardiorespiratory fitness have been shown to be associated with a 
reduced polygenic risk for hypertriglyceridemia (Tanisawa et al. 2014) by 
affecting lipoprotein lipase activity.  

2.5.5. Glucose homeostasis 

In this thesis, glucose homeostasis was studied by measuring serum glucose and 
insulin and calculating the homeostasis model assessment of insulin resistance 
(HOMA-IR). 

Hyperglycemia and insulin resistance are associated with the development of 
atherosclerosis and its complications. Patients with type 2 diabetes have a two-
fold increase in all-cause mortality and a three-fold increase in cardiovascular 
mortality (Taylor et al. 2013). It has been shown that diabetic patients without a 
previous myocardial infarction carry as high a risk of myocardial infarction as 
nondiabetic patients with a previous myocardial infarction (Haffner et al. 1998). 
A reduced insulin sensitivity is associated with higher carotid artery intima-
media thickness in males, and furthermore in females, carotid artery intima-
media thickness is independently associated with fasting glucose (Kozakova et 
al. 2013b). Children with diabetes have increased aortic and carotid intima-media 
thickness and endothelial dysfunction (Järvisalo et al. 2001, Harrington et al. 
2010, Trigona et al. 2010). 

Higher levels physical activity are generally related with increased insulin 
sensitivity independent of obesity indices (Rizzo et al. 2008, Johannsen et al. 
2016) and several studies have revealed that regular physical activity can 
substantially reduce the risk of type 2 diabetes independent of obesity (Jeon et al. 
2007, Johannsen et al. 2016). It has been shown that in children with type 1 
diabetes, physical activity improves endothelial function (Trigona et al. 2010). 
Physical activity may influence glucose homeostasis favorably by increasing 
muscle glucose transporter type 4 content thus increasing glucose absorption 
(Dela et al. 1994), increasing the activity of muscle mitochondrial enzymes 
(Short et al. 2003) and improving the actions of insulin in skeletal muscle (Cox et 
al. 1999). 
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2.5.6. Adipokines 

Adipokines are immune-modulatory proteins secreted by adipose tissue. It has 
been proposed that obesity leads to increased expression of pro-inflammatory 
adipokines and diminished expression of anti-inflammatory adipokines, resulting 
in the development of a chronic, low-grade inflammatory state; this adipokine 
imbalance is thought to be a key event in promoting both systemic metabolic 
dysfunction and cardiovascular disease (Nakamura et al. 2014). In this thesis, 
adipokines were studied by measuring serum adiponectin and leptin. 

Adiponectin is one of the anti-inflammatory adipokines. There is evidence 
suggesting that adiponectin possesses anti-atherogenic properties by improving 
endothelial function and displaying anti-inflammatory effects in the vascular 
wall. In addition, adiponectin can modify vascular intracellular redox signalling 
and exerts indirect antioxidant effects on human myocardium (Antoniades et al. 
2009). Low levels of adiponectin are associated with coronary artery disease, 
hypertension, left ventricular hypertrophy and a greater risk of myocardial 
infarction (Nakamura et al. 2014). Low serum adiponectin levels in childhood 
and adolescence also predict increased intima-media thickness in adulthood 
(Saarikoski et al. 2017). The association between physical activity and 
adiponectin is not well established; there are several studies in which physical 
activity was inversely associated with adiponectin concentrations (Metcalf et al. 
2009, Kozakova et al. 2013a). One possibility is that increased physical activity 
might increase adiponectin levels through weight loss (Kim et al. 2007). 

Leptin is one of the pro-inflammatory adipokines. Increased circulating levels of 
leptin, a marker of leptin resistance, are common in obesity and independently 
associated with insulin resistance and cardiovascular disease (Martin et al. 2008). 
There is evidence indicating that central leptin resistance causes obesity and that 
obesity-induced leptin resistance damages numerous peripheral tissues, including 
liver, pancreas, platelets, vasculature, and myocardium (Martin et al. 2008). 
Increased physical activity is independently associated with lower circulating 
levels of leptin (Franks et al. 2003, Esteghamati et al. 2010, Jimenez-Pavon et al. 
2012). The effect of physical activity on the sympathetic nervous system and 
circulating catecholamine levels, may exert suppressive effects on leptin level 
(Scriba et al. 2000). 

2.5.7. Inflammatory markers 

In this thesis, inflammation was studied by measuring the levels of C-reactive 
protein (CRP), secreted phospholipase A2 type IIA and its activity and serum 
amyloid A. 
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CRP, a plasma protein synthetized by the liver, is a sensitive and dynamic 
systemic marker of inflammation (Pepys and Hirschfield 2003) which exhibits an 
independent association with cardiovascular events (Ridker et al. 2000, Ridker 
2004). The assay of CRP is very sensitive allowing detection of very low 
concentrations, and increases in CRP within the normal range seem to predict 
future vascular events in apparently healthy asymptomatic individuals (Ridker et 
al. 2002). Childhood CRP values predict weakly but significantly adult CRP; this 
association seems to be independent of other metabolic risk factors (Juonala et al. 
2006b). An increased level of CRP was reported to predict independently 
progression of carotid artery intima-media thickness (Toprak et al. 2011). It has 
been shown that CRP decreases endothelial nitric oxide synthase expression 
(Venugopal et al. 2002) and it induces the release of biomarkers of endothelial 
dysfunction, suggesting that CRP has also an active role in endothelial 
dysfunction (Devaraj et al. 2011, Kusche-Vihrog et al. 2011). Increased physical 
activity and cardiorespiratory fitness (Church et al. 2002, Borodulin et al. 2006, 
Plaisance and Grandjean 2006) lead to lower circulating levels of C-reactive 
protein. 

Phospholipase A2 enzymes hydrolyze phospholipids to generate 
lysophospholipids and fatty acids, leading to the activation of various 
immunoinflammatory processes involved in the pathogenesis of atherosclerosis 
(Dennis 1994, Hurt-Camejo et al. 2001, Mallat et al. 2010). They are classified 
into six main groups based on size, location, function, substrate specificity and 
calcium requirements. Several studies have shown increased levels of secreted 
phospholipase A2 type IIA or increased secreted phospholipase A2 activity in 
patients with cardiovascular disease (Kugiyama et al. 1999, Liu et al. 2003, 
Boekholdt et al. 2005). There is no convincing evidence that physical activity 
would be associated with secreted phospholipase A2; in one study, secreted 
phospholipase A2 type IIA was linked with physical inactivity in females (Rana 
et al. 2011). 

Serum amyloid A is also a marker of inflammation; it is mainly synthetized in 
the liver in times of acute inflammation and in adipose tissue under 
noninflammatory conditions (Uhlar and Whitehead 1999). The serum level of 
amyloid A is significantly associated with the risk of cardiovascular events 
(Ridker et al. 2000, Kosuge et al. 2007) and with metabolic risk factors (Jylhävä 
et al. 2009). High levels of physical activity have been associated with lower 
levels of serum amyloid A (Panagiotakos et al. 2005, Pitsavos et al. 2005). 

The anti-inflammatory effect of physical activity might be partly explained by 
changes in visceral fat mass with a subsequent decreased release of adipokines 
from adipose tissue (Gleeson et al. 2011). Vigorous and/or moderate physical 
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activity may induce an anti-inflammatory effect by releasing interleukin-6 into 
the circulation from contracting muscle fibers and subsequently increasing 
circulating levels of interleukin-10 and interleukin-1 receptor antagonists, by 
increasing the circulating number of interleukin-10-secreting regulatory T cells, 
by downregulating Toll-like receptor expression on monocytes and inhibiting the 
production of pro-inflammatory cytokine, preventing antigen presentation and 
lowering the expression co-stimulatory molecule, by reducing the circulating 
numbers of pro-inflammatory monocytes and inhibiting monocyte and/or 
macrophage infiltration into adipose tissue (Gleeson et al. 2011). Physical 
activity has also been reported to increase the secretion of the adrenal hormones 
cortisol and adrenaline which also have anti-inflammatory effects (Gleeson et al. 
2011).  

2.5.8. Arginine metabolites 

In this thesis, arginine metabolites were studied by measuring asymmetric 
dimethylarginine (ADMA) and symmetric dimethylarginine (SDMA). ADMA 
and SDMA are methylated metabolites of L-arginine; a semi-essential amino 
acid (Martens-Lobenhoffer and Bode-Boger 2007). ADMA is an endogenous 
analogue of L-arginine that may interfere with nitric oxide metabolism by acting 
as a competitive inhibitor of nitric oxide synthase, the enzyme synthesizing nitric 
oxide (Lu et al. 2003). SDMA is an isomer of ADMA that is not directly capable 
of inhibiting nitric oxide synthase (Cooke 2004), but it may indirectly limit the 
generation of nitric oxide by reducing the intracellular availability of L-arginine 
(Beltowski and Kedra 2006), as SDMA may act as a competitor of L-arginine 
transport (Closs et al. 1997, Bode-Boger et al. 2006). 

ADMA correlates with traditional and nontraditional cardiovascular risk factors 
and is a strong predictor of cardiovascular events and death not only in patients 
with chronic kidney disease but also in the general population (Schepers et al. 
2014). The association between SDMA and cardiovascular disease has been less 
extensively studied but there does not seem to be any connection (Willeit et al. 
2015). Physical activity may decrease ADMA levels (Tsarouhas et al. 2011), but 
the association needs to be confirmed. Table 1 has gathered examples of studies 
showing the associations of physical activity and cardiorespiratory fitness with 
cardiovascular disease risk markers. 
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Table 1. Examples of studies expressing the associations of physical activity and 
cardiorespiratory fitness on cardiovascular disease risk markers. 

Risk marker Physical activity Cardiorespiratory fitness 
Smoking Inverse association1, 2, 3 Inverse association4, 5 

Obesity Inverse association6, 7 Inverse association8, 9 

Blood pressure No association in normotensive10 

Inverse association in 
hypertensive11, 12 
Reduces risk of hypertension11 

Reduces risk of 
hypertension13 

LDL cholesterol Inverse association14, 15, 16 Inverse association17, 18, 19 

oxLDL Inverse association20, 21 Inverse association17 

Apolipoprotein B Inverse association15, 22 Inverse association23 

No association24 

Triglycerides Inverse association14, 22, 25, 26, 27 Inverse association19, 28 

HDL cholesterol Direct association14, 16, 25, 26, 29 Direct association17, 19, 30 

Apolipoprotein A1 Direct association31, 32, 33 -* 
Glucose Inverse association34, 35 Inverse association36, 37 

Insulin Inverse association34, 35 Inverse association36, 37 

Adiponectin Direct association38, 39 

Inverse association40, 41, 42 
Inverse association43, 44 

Leptin Inverse association45, 46, 47 Inverse association44, 48 

CRP Inverse association42, 49, 50 Inverse association49, 51 

Secreted phospholipase 
A2 type IIA 

Inverse association42 -* 

Serum amyloid A Inverse association52, 53 

No association54 
-* 

ADMA Inverse assocition55 

No association56 
-* 

SDMA No association56 -* 
1(Tuomilehto et al. 1987); 2(Marti et al. 1987); 3(Kujala et al. 2007); 4(Lee and Blair 2002); 5(Benck et al. 
2017); 6(Ross and Janssen 2001); 7(Yang et al. 2007); 8(Pandey et al. 2015); 9(Mondal and Mishra 2017); 
10(Alpert and Wilmore 1994); 11(Arrol and Beaglehole 1992); 12(Andersen et al. 2011); 13(Rankinen et al. 
2007); 14(Lehtonen and Viikari 1978a); 15(Rönnemaa et al. 1980); 16(Wanne et al. 1983); 17(Vasankari et 
al. 1998); 18(Jago et al. 2010); 19(Breneman et al. 2016); 20(Vasankari et al. 2000); 21(Park et al. 2011); 
22(Ahmed et al. 2012); 23(Kawano et al. 2009); 24(Abdulnour et al. 2016); 25(Lehtonen and Viikari 
1978b); 26(Välimäki et al. 1980); 27(Raitakari et al. 1997); 28(Tanisawa et al. 2014); 29(Lehtonen and 
Viikari 1980); 30(Wanne et al. 1984); 31(MacAuley et al. 1996); 32(Luc et al. 2000); 33(Ahmed et al. 
2011); 34(Rizzo et al. 2008); 35(Johannsen et al. 2016); 36(Solomon et al. 2015); 37(Lidegaard et al. 2015); 
38(Ischander et al. 2007); 39(Ring-Dimitriou et al. 2006); 40(Metcalf et al. 2009); 41(Kozakova et al. 
2013a); 42(Rana et al. 2011); 43(Agostinis-Sobrinho et al. 2017); 44(Martinez-Gomez et al. 2012); 
45(Franks et al. 2003); 46(Esteghamati et al. 2010); 47(Jimenez-Pavon et al. 2012); 48(Yang et al. 2017); 
49(Borodulin et al. 2006); 50(Plaisance and Grandjean 2006); 51(Church et al. 2002); 52(Pitsavos et al. 
2005); 53(Panagiotakos et al. 2005); 54(Verdaet et al. 2004); 55(Tsarouhas et al. 2011); 56(Niebauer et al. 
2005). 
*No studies found. 

2.6. Fatty liver 

Non-alcoholic fatty liver disease (later simply called fatty liver) is a major public 
health concern. The global prevalence of fatty liver is thought to be around 20% 
(Chalasani et al. 2012). It is the most common cause of chronic liver disease in 
Western countries and it has been predicted to become also the most frequent 



28 Review of the Literature  

indication for liver transplantation by 2030 (Byrne and Targher 2015). The 
etiology of fatty liver is multifactorial including both genetic and metabolic 
factors (Dongiovanni et al. 2015). Fatty liver is also associated with a wide range 
of metabolic disturbances and an increased risk of cardiovascular diseases and 
type 2 diabetes (Targher and Arcaro 2007, Kotronen and Yki-Järvinen 2008, 
Fabbrini et al. 2009). There is evidence that fatty liver is associated with carotid 
intima-media thickness, coronary calcification, endothelial dysfunction and 
arterial stiffness (Oni et al. 2013). However, it is unclear whether this association 
is related to excess fat liver storage per se or to the metabolic abnormalities that 
typically accompany fatty liver. It seems that there is shared genetics behind fatty 
liver and certain metabolic disturbances such as obesity, dyslipidemia and insulin 
resistance (Di Costanzo et al. 2017). It has been suggested that there might be 
two different forms of fatty liver disease: one associated mainly with metabolic 
abnormalities, leading to cardiovascular diseases, and another due primarily to 
genetic factors, which might carry a higher risk of progressive liver damage 
(Yki-Järvinen 2016, Di Costanzo et al. 2017). 

2.6.1. Assessment of fatty liver 

Fatty liver can be assessed non-invasively with ultrasound, computed 
tomography and magnetic resonance imaging, proton magnetic resonance 
spectroscopy and magnetic resonance elastography. Liver biopsy is the gold 
standard, but it is invasive and the procedure may result in severe complications 
(Joy et al. 2003). Computed tomography exposes the patient to radiation, lacks 
sensitivity in detecting small amounts of fat and is susceptible to inter-device 
variability and furthermore, computed tomography is not clinically reliable in the 
diagnosis of mild-to-moderate hepatic steatosis (Schwenzer et al. 2009). 
Magnetic resonance offers imaging and spectroscopic methods for quantification 
of fat with relatively high accuracy without any invasive procedures or radiation 
exposure (Schwenzer et al. 2009). However, these examinations are relatively 
costly and are not suitable for patients with claustrophobia, implanted electronic 
devices or certain metal implants (Schwenzer et al. 2009). 

Ultrasound is accepted as an initial screening approach for fatty liver since it is 
non-invasive, inexpensive and widely available (Schwenzer et al. 2009). It has 
been shown that ultrasonography has a sensitivity of 60–94% and a specificity of 
66–95% in detecting fatty liver (Debongnie et al. 1981, Saverymuttu et al. 1986). 
Ultrasound was the method used in this thesis. 
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2.6.2. Factors affecting fatty liver 

Increased alcohol consumption has been associated with liver disease morbidity 
and mortality (Hart et al. 2010). It has been shown that the intake of saturated fat 
and cholesterol is higher with subjects with fatty liver than without, and 
conversely, the intakes of polyunsaturated fatty acids, fiber, and the antioxidant 
vitamins C and E and zinc are lower (Musso et al. 2003, Cortez-Pinto et al. 2006, 
Toshimitsu et al. 2007). A daily intake of sugar-sweetened soft drinks increases 
the prevalence of fatty liver compared with milk, diet cola and water (Maersk et 
al. 2012). Increased fructose consumption has also been linked with fatty liver 
and fructose intake should be limited by decreasing foods and drinks high in 
added (fructose-containing) sugars (Abdelmalek et al. 2010, Vos and Lavine 
2013). However, there are also conflicting studies stating that a higher fructose 
intake is inversely associated with fatty liver (Kanerva et al. 2014). It has also 
been proposed that alterations in the intestinal microbiome may play a role in the 
development of fatty liver (Mouzaki et al. 2013, Raman et al. 2013). 

Some previous studies have examined the association between physical activity 
and fatty liver. Vigorous, but not light or moderate physical activity, is favorably 
associated with fatty liver independent of obesity (Kistler et al. 2011, Long et al. 
2015, Oni et al. 2015). Cardiorespiratory fitness has been shown to associate 
inversely with liver fat in males (Nguyen-Duy et al. 2003, McMillan et al. 2007, 
O'Donovan et al. 2009, Haufe et al. 2010) but no association has been detected in 
females (Kuk et al. 2004, Haufe et al. 2010). The role of visceral adipose tissue 
or waist circumference in mediating the association between cardiorespiratory 
fitness and fatty liver is controversial as some studies have detected an 
independent association (McMillan et al. 2007, Haufe et al. 2010) while in 
others, the association has disappeared when adjustment is made for these 
adiposity measures (Nguyen-Duy et al. 2003, O'Donovan et al. 2009). 
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3. AIMS OF THE STUDY 

The present thesis is based on the findings from the Cardiovascular Risk in 
Young Finns Study. The purpose was to examine the associations between 
physical activity and cardiovascular risk factors and early markers of 
atherosclerosis, and cardiorespiratory fitness and the risk of fatty liver. 

The major aims of this thesis were as follows: 

1. To study the associations between physical activity and cardiorespiratory 
fitness and selected cardiovascular risk markers among Finnish adults. 

2. To examine the effect of physical activity in children and young adults on 
carotid artery intima media thickness and elasticity measured 21 years 
later. 

3. To evaluate the effects of cardiorespiratory fitness and physical activity on 
metabolic health by examining the association between peak oxygen 
uptake and the metabolic equivalent (MET) index with fatty liver.  
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4. PARTICIPANTS AND METHODS 

4.1. Description of the Cardiovascular Risk in Young Finns Study 

The Cardiovascular Risk in Young Finns Study is a prospective, multicenter 
follow-up study of atherosclerosis risk factors from youth. The first cross-
sectional survey was conducted in 1980. The original sample size was 4,320 
children and adolescents aged 3, 6, 9, 12, 15, and 18 years. Of these, 3,596 
participated (83.2% of those invited) in 1980 (Raitakari et al. 2008). The whole 
cohort was followed up in 1983, 1986, 2001, 2007 and 2011. The participation 
rates in the follow-up studies have been relatively high. In 1986, 78% of the 
original cohort returned the questionnaire and 70% participated in the clinical 
study. In 2001, 76% from the original cohort returned the questionnaire and 66% 
participated in the clinical study. In 2007, 66% from the original cohort returned 
the questionnaire and 65% participated in the clinical study. In 2011, 61% from 
the original cohort returned the questionnaire and 62% participated in the clinical 
study. Clinical measurements and physical activity data collections were 
performed simultaneously in each follow-up session, during the winter months, 
to minimize seasonal variation. Vascular ultrasound measurements were 
performed in 2001 and 2007. Cardiorespiratory fitness was assessed during a 
separate study visit in 2008-2009. Ultrasonic assessment of liver fat 
accumulation was performed as a part of the follow-up study in 2011. 

4.2. Study design and participants 

In study I, the associations between physical activity and a range of risk markers 
of coronary heart disease were studied in adults aged 24 to 39 years. A total of 
2,268 participants in 2001 were included in the cross-sectional analyses. 

In study II, longitudinal data on the effect of physical activity in youth on adult 
arterial elasticity was examined. The sample for this analysis included those 
subjects who took part in the study in 1986 and in 2007 (N=2,416). Participants 
were aged 9 to 24 years at baseline and 30 to 45 years at follow-up. 

In study III, we assessed peak arterial blood pressure, circulatory power and 
exercise cardiac power with the cycle ergometer exercise test in 538 participants 
aged 30 to 47 years. 

In study IV, the association between cardiorespiratory fitness and fatty liver was 
studied in 463 adults aged 30 to 47 years. Cardiorespiratory fitness was measured 
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with a cycle ergometer exercise test as peak oxygen uptake and fatty liver with 
ultrasonographic imaging. 

Summary of the study design is shown in Figure 1. 

 
Figure 1. Description of substudies and number of participants.  

4.3. Physical activity 

Self-reported leisure time physical activity including commuting activity was 
assessed by a questionnaire (Telama et al. 1997). Participants were asked the 
frequency of their participation in physical activity, its intensity during leisure 
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time and its duration. In addition, commuting to work and participation in 
organized physical activity were assessed. Intensity was evaluated by asking how 
the participant usually performed the physical exercise: (1) usually not becoming 
out of breath or sweating, (2) becoming out of breath and sweating slightly, (3) 
becoming out of breath and sweating considerably. Becoming out of breath and 
sweating were considered to be rigorous physical activity. We found direct 
Spearman’s rank order correlations with the intensity category and the 
frequencies of engaging in high intensity sports, such as jogging (r=0.23, 
P<0.001), ball games (r=0.18, P<0.001), racket games (r=0.15, P<0.001) and ice-
hockey (r=0.15, P<0.001). Frequency was assessed by the question: How often 
do you engage in rigorous physical activity? (1) not at all, (2) once a month, (3) 
once a week, (4) 2-3 times a week, (5) 4-6 times a week, (6) daily. Duration was 
assessed by inquiring about the average duration of a single session of physical 
exercise: (1) under 20 minutes, (2) 20-40 minutes, (3) 40-60 minutes, (4) over 60 
minutes. When estimating the physical activity during commuting to the 
workplace, the length of the journey and whether it was traveled by foot or by 
bicycle was considered. Subjects could also choose public transportation or their 
own car. This was asked separately for winter and summer times. Participation in 
organized physical activity was assessed by the question: Do you participate in 
organized physical activity? (1) not at all, (2) occasionally, (3) regularly, about 
once per week, (4) several hours and times per week. The duration of weekly 
physical activity was assessed by asking how many hours per week the 
participant expended on rigorous physical activity: (1) not at all, (2) 30-60 
minutes, (3) 1 hour, (4) 2-3 hours, (5) 4-6 hours, (6) over 7 hours.  

A metabolic equivalent (MET) index for physical activity (later “MET-index”) 
was calculated from the product of intensity*frequency*duration and commuting 
physical activity (METh/wk). A MET-index for leisure-time physical activity 
was calculated from the product of intensity*frequency*duration (METh/wk). 
The coefficients for the variables were estimated from existing tables (Ainsworth 
et al. 1993). One MET is the consumption of 1 kcal of an individual per weight 
kilogram per hour at rest.  

In addition to the MET-index, a sum index of physical activity (PAI) was 
calculated with five variables; intensity, frequency, duration, participation in 
organized physical activity and duration of weekly physical activity. The index 
ranged from 5 to 15. The lowest scores designated passive, and the highest scores 
were indicative of physical activity (Telama et al. 1997, Telama et al. 2005).  

An experimental study was performed in order to validate the physical activity 
questionnaire, with 45 young adults (age range 23 to 55, 48% females) being 
included. The participants filled in the questionnaire, and their physical activity 
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was measured with accelerometers and pedometers for a period of one week. The 
MET-index and PAI and their main components, i.e. intensity, frequency, and 
duration correlated significantly with the volume of movement assessed with 
accelerometers (r-values 0.26-0.45) and the number of steps measured with 
pedometers (r-values 0.30-0.49). The Spearman’s rank order correlation 
coefficients derived in this validation study were of the same magnitude as those 
demonstrated in other similar studies (Tudor-Locke et al. 2004). 

In addition, step data was collected using validated pedometers in 1934 
individuals of the whole study population. Participants wore an Omron Walking 
Style One (HJ-152R-E) step counter for a period of one week. Similarly, as is the 
small validation study done in an independent population, significant Spearman’s 
rank order correlations were seen between the number of steps and the MET-
index, as well as between the number of steps and individual components of the 
MET-index (Table 2). The correlation between the number of steps measured 
with pedometers and the amount of movement measured with ActiGraph 
accelerometers (GT1M) was r=0.966 (p<0.001, N=45). 

Table 2. Spearman’s rank order correlations between MET-index, its individual 
components, and the pedometer measurements of total steps and aerobic steps (aerobic steps 
are those taken during activities that last for at least ten minutes without interruption). 

  Total steps Aerobic steps 
  r value r value 
Frequency of rigorous participation 0.297‡ 0.429‡ 
Intensity level 0.054* 0.100‡ 
Duration of participation 0.188‡ 0.217‡ 
Commuting during summer  0.238‡ 0.297‡ 
Commuting during winter  0.240‡ 0.274‡ 
MET-index (METh/wk) 0.323‡ 0.423‡ 
*P<0.05; ‡P<0.0001; MET=Metabolic equivalent; Reproduced from Annals of Medicine (Study I) with 
permission of Taylor and Francis.  

 
The intensity question and its validity were also examined. The associations 
between intensity and different sports were studied by calculating Spearman’s 
correlation coefficients (Table 3). Participants were asked about their 
engagement in gym exercise, muscle strengthening exercise, ball games, racket 
games, ice-hockey, aerobics, dancing, high jump or long jump or pole vault, 
combat sports, walking, jogging, rowing, skiing, swimming or bicycling during 
leisure-time or commuting. 
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Table 3. Spearman’s rank order correlations between intensity and different sports. 

 Intensity 
 r value 
Gym exercise 0.10† 
Muscle strengthening exercise 0.12† 
Ball games 0.18‡ 
Racket games 0.15‡ 
Ice-hockey 0.15‡ 
Aerobics 0.06 
Dancing -0.08* 
High jump or long jump or pole vault -0.01 
Combat sports 0.10† 
Walking -0.24‡ 
Jogging 0.23‡ 
Rowing 0.04 
Skiing 0.10† 
Swimming -0.05 
Bicycling 0.13‡ 
*P<0.05; †P<0.01; ‡P<0.0001  

 
These data demonstrated that the intensity question had higher correlations with 
high intensity sports. This provided evidence that the intensity question had good 
construct validity which according to Tudor-Locke et al. (Tudor-Locke et al. 
2004) can be evaluated by measuring how well the instrument (intensity question 
in this case) corresponds with other measures of theoretically-related parameters. 

4.4. Cardiorespiratory fitness 

Cardiorespiratory fitness was assessed during a separate study visit in 2008-2009. 
Participants from study centers in Turku and Tampere were invited, and 538 
completed the cardiorespiratory fitness test (age range 30-47 years, 52% 
females). The exercise tests were performed on electronically braked cycle 
ergometers (Lode Corival 906900, Lode BV, Groningen, Netherlands) according 
to the American Thoracic Society guidelines and the American College of Chest 
Physicians Joint Statement on Cardiopulmonary Exercise Testing (American 
Thoracic Society and American College of Chest Physicians 2003). In brief, after 
a 10-minute rest and a warm-up period of 10–60 seconds, the subjects performed 
an incremental test with 1-minute intervals and increments of 15 W/minute for 
females and 20 W/minute for males until exhaustion limited maximal power 
output. Otherwise, objective test termination criteria (established in ref. 
(American Thoracic Society and American College of Chest Physicians 2003)) 
were applied by the observers. Standard 12-lead electrocardiography was 
recorded during the test (Corina ECG amplifier and CardioSoft acquisition 
software ver. 4.2, GE Medical Systems, Freiburg, Germany). Blood pressure was 



36 Participants and Methods  

measured with the cuff method by means of auscultation. Peak heart rate was 
defined as the maximal heart rate achieved during the exercise. The rating of 
perceived exertion was obtained using the Borg category scale (Borg 1982). 
Breath-by-breath measurements of oxygen uptake and carbon dioxide output as 
well as an assessment of ventilatory parameters were performed with 
computerized analyzers (V-max 29C, SensorMedics, Yorba Linda, CA, USA and 
Jaeger Oxycon Pro, VIASYS Healthcare GmbH, Hoechberg, Germany). As two 
different analyzers were used, the linearity of the gas measurement devices was 
checked prior to the analyses with a metabolic simulator (VacuMed Syringe 
model 17050 calibration kit, Ventura, CA, USA) at ventilation levels of 34–90 
liters/min. This calibration method has been proven valid (Huszczuk et al. 1990). 
The correlation between expected and measured values in this test range revealed 
the good linearity of both devices (R2 values for oxygen uptake and carbon 
dioxide output measurements > 0.99). The inter-instrument difference varied 
from 1% to 3% for tidal volume measurements, oxygen uptake and carbon 
dioxide output which is within the expected range (American Thoracic Society 
and American College of Chest Physicians 2003). After calibration 
measurements, oxygen and carbon dioxide test gases were used daily in order to 
check the reproducibility of the measurements. The final tabular and graphic 
averaged data were collected at 30-second intervals as recommended (American 
Thoracic Society and American College of Chest Physicians 2003). Peak oxygen 
uptake was determined as the oxygen uptake during the last 30 seconds of 
exercise. 

While all subjects carried out the cycle ergometer test and reached the objective 
maximum (based on respiratory quotient > 1.0, peak heart rate at the range of 
expected maximum of heart rate ± 10 or Borg category scale >19), we decided to 
exclude gas measurement data for 8 subjects (1.5% of tested individuals). The 
reason for this was technical error such as mask leakage or computer failure. In 
one subject, the gas measurements had to be interrupted, as the subject could not 
tolerate to wear the mask. 

4.5. Physical examination and questionnaires 

Weight was measured in light clothing without shoes with a digital scale, with an 
accuracy of 0.1 kg and height was measured by a wall-mounted statiometer with 
0.1 cm accuracy. BMI was calculated with the formula: BMI=weight (kg)/[height 
(m)]2. Waist circumference was measured midway between iliac crest and the 
lowest rib at the midaxillary line with a non-stretchable plastic covered cloth 
measuring tape to an accuracy of 0.1 cm. Blood pressure was measured with a 
random zero sphygmomanometer. Korotkoff’s fifth sound was used as the sign 
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of diastolic blood pressure (DBP) and the first sound as the sign of systolic blood 
pressure (SBP). Readings to the nearest even number of millimeters of mercury 
were taken at least three times on each subject. The average of these 
measurements was used in the analyses. Heart rate was measured simultaneously. 

Total energy intake was assessed by a food frequency questionnaire. Alcohol 
consumption was enquired by standardized questionnaires and calculated in 
standard doses (12 g pure ethanol) per day by dividing the total number of doses 
consumed per week (0.33 l doses of beer or cider, 0.12 l doses of wine and 0.04 l 
doses of hard liquor) by 7. Smoking habits were assessed by a self-administered 
questionnaire beginning at age 12 years. Those smoking daily were considered as 
smokers. Pack-years of smoking were calculated. Socioeconomic status was 
assessed by the level of education (total school years). The use of medications 
was gathered from self-administered questionnaire. 

4.6. Biochemical analyses 

Venous blood samples were drawn after an overnight fast. 

4.6.1. Lipid and apolipoprotein measurements 

All lipid and apolipoprotein determinations were performed using standard 
methods (Porkka et al. 1997, Juonala et al. 2004). Serum cholesterol and 
triglyceride concentrations were determined enzymatically (Olympus System 
Reagent; Olympus Diagnostica GmbH, Hamburg, Germany) in a clinical 
chemistry analyzer (AU400; Olympus Optical Ltd, Mishima, Japan). HDL 
cholesterol was analyzed after precipitation of VLDL and LDL with dextrane 
sulphate 500 000 (Kostner 1976). The concentration of LDL cholesterol was 
calculated using the Friedewald formula (Friedewald et al. 1972). Subjects with 
triglycerides above 4 mmol/l were excluded from this analysis. Serum 
apolipoproteins A1 and B were analyzed immunoturbidometrically (Orion 
Diagnostica, Espoo, Finland) (Viikari et al. 1991, Porkka et al. 1997). The 
oxLDL concentrations were determined using a Mercodia test (Holvoet et al. 
2008). 

4.6.2. Glucose and insulin measurements 

Serum glucose concentrations were analyzed enzymatically (Olympus 
Diagnostica GmbH, Hamburg, Germany). Serum insulin was measured by 
microparticle enzyme immunoassay kit (Abbott Laboratories, Diagnostic 
Division, Dainabot) (Juonala et al. 2004). The HOMA-IR method was used to 
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estimate insulin resistance as described [(fasting insulin mU/ml x fasting glucose 
mmol/l)/22.5] (Matthews et al. 1985). 

4.6.3. Inflammatory markers 

Serum high sensitive CRP was analyzed by an automated analyzer (Olympus 
AU400, Olympus, USA) and a highly sensitive turbidimetric immunoassay kit 
("CRP-UL"-assay, Wako Chemicals, Neuss, Germany) (Raitakari et al. 2003, 
Juonala et al. 2004). The concentration of secretory phospholipase A2 (sPLA2) 
was measured with a sandwich-type enzyme-linked immunosorbent assay and 
sPLA2 activity by a selective fluorometric assay by using fluorescent substrate 1-
hexadecanoyl-2-(1-pyrenedecanoyl)-sn-glycero-3 phosphomethanol, sodium salt 
(Interchim, Montluçon, France) (Mallat et al. 2007). The minimum detectable 
activity was 0.10 nmol/min/ml and the intra- and inter-assay coefficient of 
variation (CV) were <10%. Serum amyloid A concentrations were measured with 
an ELISA kit with a detection limit of <0.004 mg/L (Human serum amyloid A, 
Biosource International, Camarillo, CA). 

4.6.4. Arginine metabolites 

Serum l-arginine, ADMA and SDMA levels were determined by a high-
performance liquid chromatography method with precolumn o-phthaldialdehyde 
derivatization (Saarelainen et al. 2008). The precision (CV) for a plasma pool 
(n=77) for arginine, ADMA and SDMA within series was 7.5%, 5.7% and 6.5% 
and between series 12.9%, 10.6% and 12.1%, respectively. 

4.6.5. Adipokines 

The serum leptin and adiponectin concentrations were determined in duplicate 
using a commercially available double-antibody radioimmunoassay kit (Human 
Leptin RIA Kit and Human Adiponectin RIA Kit; Linco Research, St. Charles, 
MO) (Hakanen et al. 2004). The inter-assay coefficient of variation was 5.5-
11.9% for adiponectin and 7-9% for leptin. 

4.6.6. Liver enzymes 

Serum alanine aminotransferase (ALAT), aspartate aminotransferase (ASAT) 
and GT concentrations were measured by enzymatic methods (ALAT, ASAT and 
GT System Reagent, Beckman Coulter Biomedical, Ireland) on an automatic 
analyzer (AU400, Olympus, Japan) (Suomela et al. 2014). 
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4.7. Ultrasound studies 

4.7.1. Carotid artery ultrasound 

The left common carotid artery was scanned by ultrasound technicians following 
a similar, standardized protocol in the five study centers (Juonala et al. 2008). A 
high-resolution ultrasound imaging device (Sequoia 512, Acuson, CA) with a 
13MHz linear-array transducer was used to assess arterial elasticity and intima-
media thickness (IMT). The image was focused on the posterior (far) wall and 
gain settings were used to optimize image quality. Measurements were made 
offline from stored digital images. One reader blinded to the subjects’ details 
analyzed all of the ultrasound scans. To assess carotid artery elasticity indices 
and intima-media thickness, the best-quality cardiac cycle was selected from a 
continuous 5-second image file. From this image, at least four measurements of 
the common carotid far wall were taken approximately 10 mm proximal to the 
bifurcation to derive mean carotid intima-media thickness. The common carotid 
diameter was measured at least twice during end diastole and end systole. The 
means of the measurements were used as the end-diastolic and end-systolic 
diameters (Raitakari et al. 2003, Juonala et al. 2005). Ultrasound and 
concomitant brachial blood pressure measurements were used to calculate the 
following indices of arterial elasticity: carotid artery distensibility (Cdist; %/10 
mmHg) = [(Ds–Dd)/Dd]/(Ps–Pd), Young’s elastic modulus (kPa) = [(Ps–
Pd)Dd2]/[2(Ds–Dd)IMT] and stiffness index (unitless) = ln(Ps/Pd)/[(Ds–Dd)/Dd] 
where Dd is diastolic diameter, Ds is systolic diameter, Ps is systolic blood 
pressure, Pd is diastolic blood pressure (Salomaa et al. 1995). Note that higher 
levels of both the Young’s elastic modulus and stiffness index represent 
decreased arterial elasticity while a higher carotid artery distensibility value 
represents a better arterial elasticity. 

4.7.2. Liver ultrasound 

Ultrasonographic imaging of the liver was performed in 2011 by using Sequoia 
512 ultrasound mainframes (Acuson, Mountain View, CA) with 4.0 MHz adult 
abdominal transducers. Evaluation of fatty liver was performed according to the 
liver-to-kidney contrast, parenchymal brightness, deep beam attenuation and 
bright vessel walls (Saverymuttu et al. 1986). The liver-to-kidney contrast was 
determined as a clear ultrasonographic contrast between the hepatic parenchyma 
and the right renal cortex. Parenchymal brightness was defined as 
hyperechogenic liver tissue with fine, tightly packed echoes on ultrasound 
examination. Deep beam attenuation was defined as an indistinguishable 
diaphragm line and bright vessel walls were considered to represent the presence 
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of the brightly visible walls of small intrahepatic vessels. According to these 
criteria, the presence of fatty liver was assessed visually from non-blinded 
images by a trained ultrasonographer. According to the ultrasonic parameters, the 
participants were categorized into two groups; those with (N=80) and without 
(N=383) fatty liver (prevalence of fatty liver 17.3 %). 

4.8. Statistical analyses 

The difference in risk marker levels between sexes was tested by using a t-test, 
non-parametric median test, generalized linear model or chi-square test, as 
appropriately (Tables 5-9 and 13). To study the effect of secular change on 
different variables, repeated measurements modeling was employed separately in 
males and females and Bonferroni corrected P values were calculated. The 
Bonferroni corrected statistically significant P value was 0.0005 in Tables 5-9 
and 0.0008 in Table 13. As the outcome variables, all the variables mentioned in 
Tables 5-9, measured at two or three time points were modeled. The covariates 
included age and study years. In the MET-index, daily smoking, pack-years of 
smoking, alcohol consumption and education repeated measurements modeling 
could not be used as a result of skewness, which could not be normalized. 
Therefore, changes in values of these variables between measurement times (eg. 
∆MET=MET-index 2001 - MET-index 2007) was calculated and these 
differences were tested with sequentially rejective Bonferroni test.  

In study I, the participants were divided into age and sex specific MET-index 
tertiles. The tertile cut-points by age group and sex are shown in Table 4. The 
same cut-points were used in 2007 and 2011 to demonstrate the effect of time on 
different risk markers (Table 10). The associations between tertiles of physical 
activity and risk markers were evaluated by calculating Spearman’s correlation 
coefficients. Adjustment for waist circumference and smoking was done by 
calculating partial correlation coefficients. Regression modeling was used to 
assess whether a difference existed between males and females in terms of 
physical activity. To examine whether the associations between physical activity 
and risk markers were similar in males and females, statistical interactions were 
tested with a regression model. The regression models included each risk 
variable as the outcome variable and MET-index, sex and MET-index*sex 
interaction term as independent variables. If the MET-index*sex interaction term 
was significant (p<0.05), the association between a risk marker and physical 
activity tertiles was calculated separately for males and females.  
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Table 4. MET-index (METh/wk) tertile cut-points in each age group in males and females. 

Females     
Age 33.3 percentile 66.7 percentile 
24 12 28 
27 6 20 
30 9 21 
33 5 20 
36 5 20 
39 5 20 

Males     
Age 33.3 percentile 66.7 percentile 
24 10 33 
27 4 22 
30 5 29 
33 3 20 
36 3 20 
39 3 20 

MET=Metabolic equivalent; Reproduced from Annals of Medicine (Study I) with permission of Taylor 
and Francis.  

 
In study II, the 1986 leisure-time MET-index could not be normalized due to the 
discontinuity and it was therefore categorized into tertiles that reflected 
meaningful differences in activity levels to ease the interpretation of the 
regression coefficients. Similar relationships were obtained when the continued 
leisure-time MET-index was used in the regression models in place of the 
categorized index. The tertile cut-points were 3 METh/wk and 12 METh/wk. For 
example, a value of 3 METh/wk corresponds to moderate intensity physical 
activity for 60 minutes once a week; walking for 1 h at a speed of 4 km/h. 
Similarly, 12 METh/wk corresponds to 4 h/wk of moderate intensity physical 
activity or 1-2 h/wk of vigorous physical activity (running for 1.5 h at the speed 
of 8 km/h). Males and females aged 9 to 15 years were analyzed separately 
because there was an interaction between sex and leisure-time MET-index 
tertiles when carotid artery distensibility measured in 2007 (P=0.047) was the 
explanatory variable. In young adults, there was no sex-by-MET-index 
interaction (P=0.23) and thus males and females were combined in the analyses. 
The association between 1986 leisure-time MET-index tertiles and carotid artery 
elasticity indices and intima-media thickness were examined separately for 
children (aged 9 to 15 years) and young adults (aged 18 to 24 years) using 
multivariate regression analysis. Age in 2007, sex, BMI in 1986 and in 2007, 
systolic blood pressure in 1986 and in 2007, smoking in 1986 and in 2007, HDL 
cholesterol in 1986 and in 2007, LDL cholesterol in 1986 and in 2007, 
triglycerides in 1986 and in 2007, insulin in 1986 and in 2007, glucose in 1986 
and in 2007, 21-year change in leisure-time MET-indexes (ΔMET) and leisure-
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time MET-index in 2007 were used to adjust the analyses. Due to the skewness 
of triglyceride and insulin levels, Young’s elastic modulus and stiffness index, a 
natural logarithm transformation was performed. To illustrate the associations 
between leisure-time MET-index tertiles and carotid artery distensibility in 2007 
(Figures 2 and 3), the adjusted means (SE) were calculated by using ANCOVA 
with Tukey-Kramer adjusted multiple comparison. 

Risk ratios (RR) between physical activity and fatty liver were examined with 
linear multivariable Poisson regression analysis (Table 12). RR for 1 unit 
increase in MET-index (METh/wk) and fatty liver was also analyzed using age, 
sex, BMI, waist circumference, pack-years of smoking, alcohol consumption, 
HDL cholesterol, LDL cholesterol, triglycerides, insulin, glucose, hs-CRP and 
physical activity as covariates. Also quadratic multivariable Poisson regression 
analysis was used to examine whether a non-linear association existed between 
physical activity and fatty liver. This association was not found (data not shown).  
To study the prevalence of fatty liver in different physical activity groups, the 
subjects were first divided into sex and age specific quartiles according to the 
MET-index. The number of participants in the MET-index quartiles was 426, 
444, 490 and 519 from the lowest to the highest MET-index quartile, 
respectively. Secondly, a similar physical activity classification according to 
quartiles was also used among obese participants (N=277, 264, 280, and 291 
from the lowest to the highest MET-index quartile, respectively). Third, to study 
the combined effect of physical activity and obesity on fatty liver, low and high 
activity groups were formed using age and sex specific median for MET-index as 
the cut-off point. The median in low active group was 3 METh/wk corresponding 
to walking for 1 h at a speed of 4 km/h once a week and 31 METh/wk in the high 
active group corresponding to running for 1.5 h at a speed of 8 km/h 5 times a 
week. Obese and non-obese participants were determined according to sex 
specific cut-off points for waist circumference according the criteria of central 
obesity by the International Diabetes Federation (94 cm for males and 80 cm for 
females; prevalence of obesity 61.4%). The difference in fatty liver between 
MET-index quartiles was studied with logistic regression model (Figure 4). In 
Figures 4 and 6, logistic regression was used to calculate pre-specified contrasts 
to examine how an increase from one MET-index quartile to the next influences 
the prevalence of fatty liver (i.e. Q1 vs. Q2, Q2 vs. Q3 and Q3 vs. Q4). In Figure 
5, the pre-specified comparisons were performed using the Chi-Square test 
between MET-index medians within the obese and non-obese groups. 

In study III, the Pearson product–moment correlation coefficient was calculated. 
After non-parametric analyses, variables potentially explaining peak oxygen 
uptake were entered into a multivariable linear regression model. The original 
covariates in the models were sex, age, height, weight, waist-to-hip ratio, 
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physical activity index, smoking, fasting insulin and glucose, and the anamnestic 
use of antihypertensive treatment. Values for insulin and glucose were log-
transformed before analyses, because of the skewed distributions. 

The participants were divided into age and sex specific cardiorespiratory fitness 
tertiles in order to examine the association between cardiorespiratory fitness and 
cardiovascular risk markers. The associations between tertiles of 
cardiorespiratory fitness and risk markers were estimated by calculating 
Spearman’s correlation coefficients. Adjustment for waist circumference and 
smoking was done by calculating partial correlation coefficients. To examine 
whether the associations between cardiorespiratory fitness and risk markers were 
similar in males and females, statistical interactions were tested by the regression 
model. The regression models included each risk variable as the outcome 
variable and cardiorespiratory fitness, sex and cardiorespiratory fitness*sex 
interaction term as independent variables. If the cardiorespiratory fitness*sex 
interaction term was significant (p<0.05), the association between a risk marker 
and cardiorespiratory fitness tertiles was calculated separately for males and 
females. 

The association between cardiorespiratory fitness and carotid artery elasticity 
indices and intima-media thickness were examined using linear and quadratic 
multivariate regression analysis. Age, sex and BMI were used to adjust the 
analyses. No non-linear associations was found (data not shown). 

In study IV, males and females were analyzed combined as there was no sex-by-
cardiorespiratory fitness interaction when fatty liver was the outcome variable. 
The interaction was tested with logistic regression model. Risk ratios (RR) 
between cardiorespiratory fitness and fatty liver were examined with linear 
multivariable Poisson regression analysis (Table 17). RR for 1 unit increase in 
VO2peak and fatty liver was also analyzed using age, sex, BMI, waist 
circumference, pack-years of smoking, alcohol consumption, HDL cholesterol, 
LDL cholesterol, triglycerides, insulin, glucose, hs-CRP and physical activity as 
covariates. Also quadratic multivariable Poisson regression analysis was used to 
examine whether a non-linear association existed between cardiorespiratory 
fitness and fatty liver. This association was not found (data not shown). The 
subjects were first divided into sex and age specific quartiles according to peak 
oxygen uptake when evaluating the prevalence of fatty liver in different 
cardiorespiratory fitness groups. The numbers of participants in the 
cardiorespiratory fitness quartiles were 127, 134, 131 and 136 from the lowest to 
the highest cardiorespiratory fitness quartile, respectively. Secondly, a similar 
cardiorespiratory fitness classification according to quartiles was also used 
among obese participants (N=65, 71, 67, and 74 from the lowest to the highest 



44 Participants and Methods  

cardiorespiratory fitness quartile, respectively). Third, to study the combined 
effect of cardiorespiratory fitness and obesity on fatty liver, low and high fit 
groups were formed using age and sex specific median for peak oxygen uptake as 
the cut-off point. The median peak oxygen uptake was 25 ml/kg/min in low fit, 
corresponding to running approx. 8 min/km whereas it was 36 ml/kg/min in high 
fit, corresponding to running approx. 6 min/km. Obese and non-obese 
participants were determined according to sex specific cut-off points for waist 
circumference according to the criteria of central obesity by the International 
Diabetes Federation (94 cm for males and 80 cm for females; prevalence of 
obesity 59.6%). The difference in fatty liver between cardiorespiratory fitness 
quartiles was studied with logistic regression model (Figure 7). In Figures 7 and 
9, logistic regression was used to calculate pre-specified contrasts to examine 
how an increase from one cardiorespiratory fitness quartile to the next would 
influence the prevalence of fatty liver (i.e. Q1 vs. Q2, Q2 vs. Q3 and Q3 vs. Q4). 
In Figure 8, the pre-specified comparisons were performed using Chi-Square test 
between cardiorespiratory fitness medians within the obese and non-obese 
groups. 

The associations between physical activity and cardiorespiratory fitness and risk 
markers were studied by calculating Spearman’s correlation coefficients between 
risk markers and physical activity and cardiorespiratory fitness tertiles. 
Adjustment for waist circumference and smoking was made by calculating 
partial correlation coefficients.  

Statistical analyses were done in studies I, II and IV with the Statistical Analysis 
System software version 9.2 and 9.4, and Statistica for Windows 6.0 (StatSoft 
Inc., Tulsa, Oklahoma, USA) and PASWS Statistics 18.0 for Windows (SPSS 
Inc., Chicago, Illinois, USA) in study III. Statistical significance was inferred at a 
2-tailed probability value <0.05. 

4.9. Ethics 

The Cardiovascular Risk in Young Finns Study was approved by the Joint 
Commission on Ethics of University of Turku and Turku University Hospital. 
Participants gave written informed consent, and their parents provided it for the 
under-aged participants. 
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5. RESULTS 

5.1. Physical activity 

Participant characteristics in 2001, 2007 and 2011 are shown in Tables 5-8. 

Table 5. Characteristics of participants in 2001, 2007 and 2011. Values are mean and 
standard deviation, unless stated otherwise. 

  Females Males 
  Mean SD Mean SD 
MET-index (median, range) 

2001 14.0 0-111 12.0 0-120 
2007 13.9 0-159 11.8 0-163 
2011 19.5 0-151 18.7 0-145 

Leisure-time MET-index (median, range) 
2001 8.3 0-110 8.3 0-93 
2007 8.3 0-93 8.3 0-93 
2011 11.8 0-93 11.8 0-93 

Age (years) 
2001 31.6 5.0 31.5 5.0 
2007 37.5 5.0 37.4 5.0 
2011 41.5 5.0 41.4 5.0 

MET=Metabolic equivalent. 

 
Participants had increased their physical activity during the ten years of follow-
up (P<0.05). Females had been more active than males. This difference was due 
to the fact that females were more active commuters. There was no significant 
difference in the MET-index when that was calculated based only on leisure-time 
physical activities (Table 5). For instance in 2001, 18.2 % of females reported 
that they walked and 25.1 % bicycled to work during the summer time. During 
winter time, 25.0 % of females walked and 4.2 % bicycled to work; the 
corresponding values for males were 9.4 % walking and 7.4 % cycling to work 
during winter time. 
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Table 6. Characteristics of participants in 2001, 2007 and 2011 continue. Values are mean 
and standard deviation, unless stated otherwise. 

  Females Males 
  Mean SD Mean SD 
Waist circumference (cm) 

2001 79 11 90 11 
2007 84 13 94 12 
2011 88 14 97 13 

BMI (kg/m2) 
2001 24.3 4.4 25.8 3.9 
2007 25.4 5.1 26.7 4.2 
2011 26.1 5.5 27.0 4.4 

Systolic blood pressure (mmHg) 
2001 113 12 122 12 
2007 117 14 126 13 
2011 116 14 123 13 

Diastolic blood pressure (mmHg) 
2001 69 10 73 11 
2007 73 11 79 11 
2011 72 10 78 11 

Heart rate/min 
2001 68 9 65 9 
2007 69 9 67 10 
2011 68 10 66 11 

Daily smokers (%) 
2001 18 28 
2007 15 23 
2011 14 18 

Pack-years of smoking (years) 
2001 2.1 4.5 4.6 7.5 
2007 2.8 5.7 5.7 9.2 
2011 3.8 7.1 7.3 11.0 

Alcohol consumption (dose per day) 
2001 0.5 0.8 1.2 1.5 
2007 0.5 0.7 1.4 1.8 
2011 0.5 0.7 1.2 1.5 

Education (school years) 
2001 14.9 3.0 14.2 3.1 
2007 15.8 3.4 14.8 3.6 
2011 15.7 3.4 14.9 3.8 

BMI=Body mass index. All differences between sexes P<0.0001, except in daily smoking in 2011. 

 
During the follow-up, both sexes had increased significantly their waist 
circumference (P<0.05) and education level (P<0.0001). Daily smoking 
(P<0.0001) had decreased. 
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Table 7. Characteristics of participants in 2001, 2007 and 2011 continue. Values are mean 
and standard deviation.  
  Females Males 
  Mean SD Mean SD 
Total cholesterol (mmol/l) 

2001 5.1 0.9 5.3 1.0 
2007 4.9 0.9 5.2 0.9 
2011 5.1 0.9 5.3 1.0 

LDL cholesterol (mmol/l) 
2001 3.2 0.8 3.4 0.9 
2007 2.9 0.7 3.3 0.8 
2011 3.1 0.8 3.4 0.9 

HDL cholesterol (mmol/l) 
2001 1.4 0.3 1.2 0.3 
2007 1.4 0.3 1.2 0.3 
2011 1.4 0.3 1.2 0.3 

LDL/HDL-ratio (unitless) 
2001 2.4 0.8 3.1 1.2 
2007 2.2 0.8 2.9 1.0 
2011 2.3 0.8 3.0 1.0 

oxidized LDL (U/l) 
2001 79.4 23.4 88.6 25.9 

Triglycerides (mmol/l) 
2001 1.2 0.7 1.5 1.0 
2007 1.2 0.7 1.7 1.1 
2011 1.1 1.2 1.6 1.2 

ApoA1 (g/l) 
2001 1.6 0.3 1.4 0.2 
2007 1.7 0.3 1.5 0.2 
2011 1.7 0.2 1.5 0.2 

ApoB (g/l) 
2001 1.0 0.2 1.1 0.3 
2007 0.9 0.2 1.1 0.3 
2011 1.0 0.3 1.2 0.3 

ApoB/ApoA1-ratio (unitless) 
2001 0.7 0.2 0.8 0.2 
2007 0.6 0.2 0.8 0.2 
2011 0.6 0.2 0.8 0.2 

LDL= low density lipoprotein, HDL=high density lipoprotein, ApoA1=apolipoprotein A1, 
ApoB=apolipoprotein B. All differences between sexes P<0.0001. 

 
Total cholesterol (P<0.0001), LDL cholesterol (P<0.0001), LDL/HDL-ratio 
(P<0.0001), apolipoprotein B (P<0.0001) and ApoB/ApoA1-ratio (P<0.0001) 
had decreased and apolipoprotein A1 (P<0.001) had increased in both sexes 
during the follow-up. HDL cholesterol levels increased only in females (P<0.05) 
and triglycerides decreased in males (P<0.05). 
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Table 8. Characteristics of participants in 2001, 2007 and 2011 continue. Values are mean 
and standard deviation.  

  Females Males 
  Mean SD Mean SD 
Glucose (mmol/l) 

2001 4.9 0.7 5.2 1.0 
2007 5.2 0.8 5.5 1.0 
2011 5.3 1.0 5.5 0.8 

Insulin (mU/l) 
2001 7.9 6.0 7.7 5.8 
2007 8.7 8.3 10.2 22.6 
2011 9.5 15.6 10.6 11.7 

HOMA-IR 
2001 1.8 1.9 1.9 2.1 
2007 2.1 3.1 2.6 4.6 
2011 2.6 8.3 2.8 4.4 

hs-CRP (mg/l) 
2001 2.3 4.4 1.5 3.3 
2007 2.1 3.6 1.6 4.1 
2011 1.8 2.7 1.6 3.8 

Serum Amyloid A-1 (µg/l) 
2001 25.6 88.8 20.8 77.7 

Homocysteine (µmol/l) 
2001 9.0 3.3 10.8 4.0 

sPLA2 type IIA (ng/ml) 
2001 4.7 3.2 3.0 2.3 

sPLA2 activity (nmol/ml/min) 
2001 1.8 0.6 1.4 0.5 

Leptin (ng/ml) 
2001 15.9 10.2 5.5 4.3 

Adiponectin (µg/ml) 
2001 11.0 4.5 7.4 3.3 
2007 12.2 5.4 7.7 3.7 

ADMA (µmol/l) 
2001 0.6 0.2 0.6 0.1 

SDMA (µmol/l) 
2001 0.4 0.1 0.4 0.1 

L-Arginine (µmol/l) 
2001 116.5 38.4 111.1 37.8 

HOMA-IR=homeostasis model assessment of insulin resistance; hs-CRP=high sensitive C-reactive 
protein; sPLA2=phospholipase A; ADMA=asymmetric dimethyl arginine; SDMA=symmetric dimethyl 
arginine. All differences between sexes P<0.0001, except for insulin, HOMA-IR in 2001 and 2007, hs-
CRP in 2011, ADMA, and L-Arginine. 

 
Glucose levels decreased significantly in females during the follow-up (P<0.05). 
Insulin levels and HOMA-IR increased significantly in males (P<0.05). 
Adiponectin had increased in both sexes during follow-up (P<0.05). 
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Table 9. Characteristics of carotid artery ultrasound findings in participants in 2001 and 
2007. Values are mean and standard deviation. 

  Females Males 
  Mean SD Mean SD 
Intima-media thickness (mm) 

2001 0.57 0.08 0.59 0.10 
2007 0.61 0.09 0.64 0.11 

Carotid artery distensibility (%/10mmHg) 
2001 2.3 0.8 2.0 0.7 
2007 2.0 0.7 1.7 0.6 

Young's elastic modulus (kPa) 
2001 327 174 391 168 
2007 380 1025 430 267 

Stiffness index (unitless) 
2001 5.3 2.3 5.6 2.0 
2007 6.6 17.7 6.5 3.4 

All differences between sexes P<0.0001. 

 
In six years, the intima-media thickness had significantly increased in both sexes 
(P<0.05). 

5.1.1. The associations between physical activity and cardiovascular disease 
risk markers 

Physical activity was inversely associated with waist circumference, BMI, resting 
heart rate, daily smoking, pack-years of smoking, serum triglycerides, 
apolipoprotein B, apolipoprotein B/apolipoprotein A1 ratio, glucose, insulin, 
HOMA-IR, and hs-CRP in all three follow-up studies. When controlling for 
waist circumference and daily smoking, the association remained significant with 
resting heart rate, insulin, HOMA-IR and hs-CRP. The detailed results are shown 
in Table 10. 

Interaction analysis suggested significant sex differences in the relations of 
physical activity with pack-years of smoking (stronger in males) and adiponectin 
(only in females) in each follow-up year. The detailed results are shown in Table 
11.  
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5.1.2. Physical activity in childhood and carotid artery elasticity in adults 

Physical activity in childhood was measured in 1986 by a questionnaire as 
mentioned in the Methods section. There was no association between leisure-
time physical activity and carotid artery elasticity indices measured in 2001 in 
either sex. Among 9 to 15 year-old males, leisure-time physical activity was 
associated with better carotid artery elasticity indicated by carotid artery 
distensibility, Young’s elastic modulus and stiffness index as measured in 2007. 
In multivariate analyses, leisure-time physical activity remained a significant 
determinant of adult carotid artery distensibility, Young’s elastic modulus and 
stiffness index after adjustments for covariates (Study II, Table 3) (Figure 2.). 

Among 9 to 15-year old females, there was no association between leisure-time 
physical activity in childhood and adult carotid artery distensibility, Young’s 
elastic modulus or stiffness index. 

 
Figure 2. Association of carotid artery distensibility (Cdist) with leisure-time metabolic 
equivalent (MET) index tertiles in males aged 9 to 15 years in 1986. P values shown are 
from ANCOVA with Tukey–Kramer multiple comparison. Descriptive data are given as 
estimated means (SE) adjusted for age in 2007, BMI in 1986 and in 2007, SBP in 1986 and 
in 2007, smoking in 1986 and in 2007, HDL cholesterol measured in 1986 and in 2007, 
LDL cholesterol measured in 1986 and in 2007, triglycerides measured in 1986 and in 
2007, insulin measured in 1986 and in 2007, glucose measured in 1986 and in 2007, and 
ΔMET. BMI indicates body mass index; HDL, high-density lipoprotein; LDL, low-density 
lipoprotein; SBP, systolic blood pressure. Reproduced from Journal of American Heart 
Association (Study II) with permission of Wiley-Blackwell. 
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5.1.3. Physical activity in young adulthood and carotid artery elasticity in 
adults 

Physical activity in young adulthood was measured in 1986 by a questionnaire. 
Leisure-time physical activity was not associated with carotid artery indices as 
measured in 2001. However, leisure-time physical activity of young adults aged 
18 to 24 years was directly associated with future carotid artery distensibility and 
inversely with Young’s elastic modulus and stiffness index measured in 2007, 
indicating better carotid artery elasticity. In the multivariable analyses, leisure-
time physical activity remained a significant determinant of carotid artery 
distensibility, Young’s elastic modulus and stiffness index after adjustments for 
covariates (Study II, Table 4) (Figure 3). 

 
Figure 3. Association of carotid artery distensibility (Cdist) with leisure-time metabolic 
equivalent (MET) index tertiles in young adults aged 18 to 24 years in 1986. P values 
shown are from ANCOVA with Tukey–Kramer multiple comparison. Descriptive data are 
given as estimated means (SE) adjusted for age in 2007, sex, BMI in 1986 and in 2007, SBP 
in 1986 and in 2007, smoking in 1986 and in 2007, HDL cholesterol measured in 1986 and 
in 2007, LDL cholesterol measured in 1986 and in 2007, triglycerides measured in 1986 
and in 2007, insulin measured in 1986 and in 2007, glucose measured in 1986 and in 2007, 
and ΔMET. BMI indicates body mass index; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; SBP, systolic blood pressure. Reproduced from Journal of American 
Heart Association (Study II) with permission of Wiley-Blackwell. 
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5.1.4. Physical activity in 1986 and carotid artery intima-media thickness in 
adults 

Among 9 to 15 year old males, leisure-time physical activity was not associated 
with adult intima-media thickness measured in 2001 or 2007. The same was true 
among 9 to 15 year old females and 18 to 24 year old young adults. 

5.1.5. Physical activity and risk of fatty liver in 2011 

Higher physical activity was associated with a lower risk of fatty liver. When 
physical activity was adjusted for BMI or waist circumference, pack-years of 
smoking, alcohol consumption, HDL cholesterol, LDL cholesterol, triglycerides, 
insulin, glucose and hs-CRP, the risk reduction in fatty liver remained 
statistically significant. When cardiorespiratory fitness was added to the model, 
the effect became attenuated (Table 12). 

Table 12. Risk ratios between physical activity and fatty liver. 

Model RR CI P 
A: Age and sex-adjusted MET-index 0.98 0.97-0,99 <0.0001 
B1: A + BMI 0.99 0.98-0.99 <0.0001 
B2: A + waist circumference 0.99 0.98-0.99 <0.001 
C: B1 + pack-years of smoking 0.99 0.98-1.00 <0.01 
D: C + alcohol consumption 0.99 0.98-1.00 <0.01 
E: D + HDL cholesterol 0.99 0.98-1.00 <0.01 
F: E + LDL cholesterol 0.99 0.98-1.00 <0.05 
G: F + triglycerides 0.99 0.98-1.00 <0.05 
H: G + insulin 0.99 0.98-1.00 <0.05 
I: H + glucose 0.99 0.98-1.00 <0.05 
J: I + hs-CRP 0.99 0.98-1.00 <0.05 
K: J + cardiorespiratory fitness 0.99 0.98-1.01 0.53 
RR=risk ratio; CI=confidence interval; MET=metabolic equivalent; BMI=body mass index; HDL=high 
density lipoprotein; LDL=low density lipoprotein; hs-CRP=high sensitive C-reactive protein. 

 
When physical activity was categorized into quartiles, an increase from the 
second to the third quartile was associated with decreased prevalence of fatty 
liver (Figure 4). With a further increase in the cardiorespiratory fitness quartiles 
no significant decrease in the prevalence of fatty liver was found. 



 Results 59 

 

 
Figure 4. Prevalence of fatty liver according to physical activity quartiles. 

When participants were categorized according to physical activity and obesity, 
the prevalence of fatty liver was the highest in the obese and poorly physically 
active participants (Figure 5). The non-obese and highly physically active 
participants had the lowest prevalence of fatty liver; almost half of the 
corresponding value in individuals who were non-obese and poorly physically 
active. 

 
Figure 5. Prevalence of fatty liver in obese and non-obese participants with high or low 
physical activity. PA=Physical activity.  

The association of physical activity and prevalence of fatty liver among obese 
participants was studied more specifically by forming physical activity quartiles 
(Figure 6). An increase in physical activity was associated with lower prevalence 
of fatty liver (P for linear trend <0.0001). 



60 Results  

 
Figure 6. Prevalence of fatty liver according to physical activity quartiles among obese 
participants. 

5.2. Cardiorespiratory fitness 

The characteristics of subjects who took part in the cardiopulmonary exercise test 
in 2008-2009 (N=538) and follow-ups in 2007 and 2011 are shown in Tables 13 
and 14. Ultrasound revealed that females had less fatty liver findings than males. 
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Table 13. Characteristics of cardiopulmonary exercise test participants in 2007, 2008-2009 
and 2011. Values are mean and standard deviation, unless stated otherwise. 
  Females Males 
  Mean SD Mean SD 
Age (years) 

2007 38 5 37 5 
2008-2009 39 5 38 5 

2011 42 5 41 5 
Height (cm) 

2007 166 5 180 6 
2008-2009 166 5 180 6 

2011 166 6 180 6 
Weight (kg) 

2007 69 13 86 14 
2008-2009 71 14 87 15 

2011 71 14 87 14 
BMI (kg/m2) 

2007 25.1 4.7 26.5 4.1 
2008-2009 25.7 5.0 26.9 4.2 

2011 25.9 5.1 26.8 4.1 
Waist circumference (cm) 

2007 86 12 95 11 
2011 87 13 97 11 

Waist-to-hip ratio (unitless) 
2007 0.8 0.1 0.9 0.1 
2011 0.8 0.1 1.0 0.1 

Systolic blood pressure (mmHg) 
2007 112 13 122 13 
2011 117 14 124 14 

Diastolic blood pressure (mmHg) 
2007 68 11 74 11 
2011 74 10 79 11 

Daily smokers (%) 
2007 11 16 
2011 11 11 

Pack-years of smoking (years) 
2007 2.7 6.1 3.9 7.3 
2011 3.5 6.5 4.6 8.5 

Alcohol consumption (dose per day) 
2007 0.6 0.8 1.4 2.2 
2011 0.5 0.7 1.1 1.3 

Physical activity index (unitless)* 
2007 8.8 1.7 8.7 1.9 
2011 9.2 1.8 8.8 1.9 

MET-index (median, range) 
2007 12 0-153 12 0-138 
2011 20 0-117 12 0-119 

Leisure-time MET-index (median, range) 
2007 5 0-52 8 0-93 
2011 12 0-93 12 0-93 
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  Females Males 
  Mean SD Mean SD 
Total cholesterol (mmol/l)     

2007 4.9 0.9 5.1 1.0 
2011 5.0 0.9 5.2 1.0 

LDL cholesterol (mmol/l) 
2007 2.9 0.7 3.2 0.9 
2011 3.1 0.8 3.3 0.9 

HDL cholesterol (mmol/l) 
2007 1.4 0.3 1.2 0.3 
2011 1.4 0.3 1.2 0.3 

LDL/HDL-ratio (unitless)     
2007 2.1 0.8 2.8 1.0 
2011 2.3 0.9 2.9 1.0 

Triglycerides (mmol/l) 
2007 1.2 0.6 1.6 1.1 
2011 1.1 0.6 1.5 1.0 

ApoA1 (g/l)     
2007 1.7 0.3 1.5 0.2 
2011 1.6 0.2 1.5 0.2 

ApoB (g/l)     
2007 0.9 0.2 1.1 0.3 
2011 1.0 0.3 1.1 0.3 

ApoB/ApoA1-ratio (unitless)     
2007 0.6 0.2 0.7 0.2 
2011 0.6 0.2 0.8 0.2 

Glucose (mmol/l) 
2007 5.2 0.7 5.5 0.7 
2011 5.3 0.9 5.5 0.6 

Insulin (mU/l) 
2007 8.6 7.0 9.3 10.9 
2011 9.8 17.8 9.7 10.9 

HOMA-IR (unitless)     
2007 2.1 2.1 2.5 5.2 
2011 2.9 13.5 2.6 4.3 

hs-CRP (mg/l)     
2007 1.9 2.6 1.7 3.9 
2011 1.7 2.7 1.5 2.9 

GT (U/l) 
2007 19 14 37 26.0 
2011 24 32 41 34.1 

ALAT (U/l) 
2007 13 6 24 16.3 
2011 13 9 23 19.9 

ASAT (U/l) 
2011 20 11 27 14 

Fatty liver in ultrasound (%) 
2011 10 25 

BMI=Body mass index MET=Metabolic equivalent; LDL=low density lipoprotein; HDL=high density 
lipoprotein; ApoA1=apolipoprotein A1, ApoB=apolipoprotein B; HOMA-IR=homeostasis model 
assessment of insulin resistance; hs-CRP=high sensitive C-reactive protein; GT= gamma-
glutamyltransferase; ALAT=alanine aminotransferase; ASAT=aspartate aminotransferase. Differences 
between sexes P<0.0008 except for age, daily smoking, pack-years of smoking, physical activity index in 
2007, MET-index, leisure-time MET-index, insulin levels, HOMA-IR and hs-CRP in 2011. *Range 5 to 
15. 
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Females had lower peak oxygen uptake, work rate, blood pressure and heart rate 
parameters than males in the cardiopulmonary exercise test. 

Table 14. Cardiopulmonary exercise test parameters in males and females in 2008-2009. 
Values are mean and standard deviation. 

  Females Males 
  Mean SD Mean SD 
Peak oxygen uptake (ml/kg/min) 26,6 6,9 35,0 7,8 
Systolic blood pressure at rest (mmHg) 123 14 133 14 
Peak systolic blood pressure (mmHg) 189 23 215 24 
Diastolic blood pressure at rest (mmHg) 79 9 84 11 
Peak diastolic blood pressure (mmHg) 91 13 94 13 
Mean arterial blood pressure at rest (mmHg) 94 10 100 10 
Peak mean arterial blood pressure (mmHg) 124 14 134 14 
Resting heart rate (beats/min) 84 13 82 13 
Peak heart rate (beats/min) 175 12 177 14 
Peak work rate (W) 162 28 260 48 

Differences between sexes P<0.05. Modified from Study III. 

5.2.1. Determinants of peak oxygen uptake 

Peak oxygen uptake was associated with sex, height, weight, physical activity 
index, smoking and serum insulin levels. The detailed results are shown in Table 
15.  

Table 15. Determinants of peak oxygen uptake. 

Parameter VO2peak 

β   SE 
Sex 8.8 1.0‡ 
Age -0.08 0.06 
Height 0.26 0.05‡ 
Weight -0.22 0.02‡ 
Waist-to-hip ratio -2.96 5.98 
Physical activity index 0.94 0.15‡ 
Smoking -2.98 0.82† 
Insulin -0.10 0.04* 
Glucose 0.77 0.51 
Antihypertensive treatment -0.51 1.26 
Whole model R2 51 % 

VO2peak=peak oxygen uptake (ml/kg/min); β=regression coefficient for a 1-unit change in parameter; SE: 
standard error. 
*p<0.05; †p<0.01; ‡p<0.0001 
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5.2.2. The associations between cardiorespiratory fitness and cardiovascular 
disease risk markers 

Cardiorespiratory fitness was inversely associated with waist circumference, 
BMI, systolic and diastolic blood pressure, resting heart rate, daily smoking, 
pack-years of smoking, total cholesterol, LDL cholesterol, LDL/HDL-ratio, 
serum triglycerides, apolipoprotein B, apolipoprotein B/apolipoprotein A1 ratio, 
glucose, insulin, HOMA-IR, and hs-CRP. When controlling for waist 
circumference and daily smoking, the association remained significant with 
diastolic blood pressure, resting heart rate, serum triglycerides, insulin, HOMA-
IR, hs-CRP. The detailed results are shown in Table 16.  

Interaction analysis suggested significant sex differences in the relationships 
between cardiorespiratory fitness with daily smoking (only in males).  
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5.2.3. Cardiorespiratory fitness and carotid artery ultrasound findings 

Cardiorespiratory fitness was directly associated with carotid artery distensibility 
(β=0.014, SE=0.004, P<0.001) and inversely with Young’s elastic modulus (β=-
0.010, SE=0.003, P<0.001) and stiffness index (β=-0.008, SE=0.003, P<0.01) as 
measured in 2007, indicating better carotid artery elasticity, but when controlling 
for BMI all these associations were attenuated (P=0.11, P=0.08 and P=0.17, 
respectively). Cardiorespiratory fitness was not associated with intima-media 
thickness (β=-0.002, SE=0.005, P=0.64). 

5.2.4. Cardiorespiratory fitness and risk of fatty liver 

Higher cardiorespiratory fitness was associated with lower risk of fatty liver. 
When cardiorespiratory fitness was adjusted for BMI or waist circumference, 
pack-years of smoking, alcohol consumption, HDL cholesterol, LDL cholesterol, 
triglycerides, insulin, glucose, hs-CRP and physical activity, the risk reduction in 
fatty liver remained significant (Table 17).  

Table 17. Risk ratios between cardiorespiratory fitness and fatty liver. 

Model RR CI P 
A: Age and sex-adjusted VO2peak 1 ml/kg/min increase 0.90 0.88-0.93 <0.0001 
B1: A + BMI 0.94 0.90-0.97 <0.001 
B2: A + waist circumference 0.94 0.91-0.97 <0.001 
C: B1 + pack-years of smoking 0.93 0.89-0.97 <0.01 
D: C + alcohol consumption 0.94 0.90-0.98 <0.01 
E: D + HDL cholesterol 0.93 0.89-0.97 <0.01 
F: E + LDL cholesterol 0.93 0.89-0.98 <0.01 
G: F + triglycerides 0.93 0.88-0.98 <0.01 
H: G + insulin 0.92 0.87-0.97 <0.01 
I: H + glucose 0.92 0.87-0.97 <0.01 
J: I + hs-CRP 0.92 0.87-0.98 0.01 
K: J + physical activity 0.92 0.86-0.98 0.01 
VO2peak=peak oxygen uptake; RR=risk ratio; CI=95% confidence interval; BMI=body mass index; HDL 
=high density lipoprotein; LDL=low density lipoprotein; hs-CRP=high sensitive C-reactive protein. 
Reproduced from Medicine & Science in Sports & Exercise (Study IV) with permission of Wolters 
Kluwer Health.  
 
When cardiorespiratory fitness was categorized into quartiles, an increase from 
the lowest to the second quartile was associated with decreased prevalence of 
fatty liver (Figure 7). With a further increase in the cardiorespiratory fitness 
quartiles, no significant decrease was found in the prevalence of fatty liver. 
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Figure 7. Prevalence of fatty liver according to cardiorespiratory fitness quartiles. 
Reproduced from Medicine & Science in Sports & Exercise (Study IV) with permission of 
Wolters Kluwer Health. 

When participants were categorized according to cardiorespiratory fitness and 
obesity, the prevalence of fatty liver was the highest in the obese and low fit 
participants (Figure 8). Participants who were obese but high fit had a three 
times lower prevalence of fatty liver than those who were obese and low fit. The 
non-obese and high fit participants had the lowest prevalence of fatty liver. 
Among those non-obese individuals there was no difference in the prevalence of 
fatty liver depending on cardiorespiratory fitness.  

 
Figure 8. Prevalence of fatty liver in obese and non-obese participants with high or low 
cardiorespiratory fitness. Reproduced from Medicine & Science in Sports & Exercise 
(Study IV) with permission of Wolters Kluwer Health. 

Among the obese participants, cardiorespiratory fitness quartiles for peak oxygen 
uptake were formed to examine more specifically the association of 
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cardiorespiratory fitness and prevalence of fatty liver in this group (Figure 9). 
The increase in cardiorespiratory fitness from the lowest quartile to the second 
lowest was associated with a pronounced decrease in the prevalence of fatty 
liver. A further increase in the cardiorespiratory fitness level was not associated 
with a decreased prevalence of fatty liver. 

 
Figure 9. Prevalence of fatty liver according to cardiorespiratory fitness quartiles among 
obese participants. Reproduced from Medicine & Science in Sports & Exercise (Study IV) 
with permission of Wolters Kluwer Health. 

5.3. Physical activity, cardiorespiratory fitness and cardiovascular 
disease risk markers 

504 study participants had data on both physical activity and cardiorespiratory 
fitness. Physical activity correlated strongly with cardiorespiratory fitness 
(ρ=0.22, P<0.0001, Figure 10). The association between physical activity 
tertiles, cardiorespiratory fitness tertiles and cardiovascular disease markers in 
those individuals are displayed in Table 18.  

 
Figure 10. Correlation of physical activity with cardiorespiratory fitness. 
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Table 18. Physical activity and cardiorespiratory fitness and their association with 
cardiovascular risk markers measured in 2007. 

  
 Physical activity 

tertiles 
 Cardiorespiratory fitness 

tertiles 
   ρ P value  ρ P value 
Physical activity tertiles     0.24 <0.0001 
Cardiorespiratory fitness tertiles  0.24 <0.0001    
Waist circumference (cm)  -0.14 <0.01  -0.38 <0.0001 
BMI (kg/m2)  -0.10 <0.05  -0.40 <0.0001 
Systolic blood pressure (mmHg)  0.005 0.92  -0.18 <0.0001 

  -0.02* 0.60* 
Diastolic blood pressure (mmHg)  -0.02 0.59  -0.27 <0.0001 

  -0.15* <0.001* 
  -0.16† <0.001† 

Resting heart rate/min  -0.21 <0.0001  -0.20 <0.0001 
 -0.21 <0.0001*  -0.19 <0.0001* 
 -0.21 <0.0001†  -0.19† <0.0001† 

Daily smoking  -0.04 0.34  -0.14 <0.01 
  -0.14* <0.01* 

Pack-years of smoking (years)  -0.03 0.50  -0.15 <0.01 
  -0.10* <0.05* 

Total cholesterol (mmol/l)  -0.11 <0.05  -0.17 <0.001 
 -0.07* 0.14*  -0.04* 0.34* 

LDL cholesterol (mmol/l)  -0.07 0.15  -0.11 <0.05 
  0.02* 0.68* 

HDL cholesterol (mmol/l)  -0.001 0.97  0.16 <0.001 
  -0.01* 0.88* 

LDL/HDL-ratio (unitless)  -0.05 0.30  -0.16 <0.001 
  0.02* 0.62* 

Triglycerides (mmol/l)  -0.10 <0.05  -0.34 <0.0001 
 -0.03* 0.4*  -0.17* <0.001* 
  -0.16† <0.001† 

ApoA1 (g/l)  -0.04 0.37  0.06 0.18 
ApoB (g/l)  -0.10 <0.05  -0.25 <0.0001 

 -0.03* 0.54*  -0.06* 0.20* 
ApoB/ApoA1-ratio (unitless)  -0.07 0.12  -0.24 <0.0001 

  -0.03* 0.52* 
Glucose (mmol/l)  -0.08 0.09  -0.11 <0.05 

  0.04* 0.39* 
Insulin (mU/l)  -0.18 <0.0001  -0.31 <0.0001 

 -0.12* <0.01*  -0.14* <0.01* 
 -0.12† <0.01†  -0.15† <0.001† 

HOMA-IR (unitless)  -0.18 <0.0001  -0.31 <0.0001 
 -0.13* <0.01*  -0.13* <0.01* 
 -0.12† <0.01†  -0.14† <0.01† 

CRP (mg/l)  -0.03 0.57  -0.31 <0.0001 
  -0.18* <0.0001* 
  -0.18† <0.0001† 

Adiponectin (µg/ml)  0.08 0.08  0.15 <0.001 
        -0.04* 0.40* 

ρ=Spearman correlation coefficient; *=adjusted for waist circumference; †=adjusted for waist 
circumference and smoking. 
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6. DISCUSSION 

6.1. Participants and methods 

6.1.1. Participants 

This thesis is based on the Cardiovascular Risk in Young Finns Study, which is a 
multicenter, on-going follow-up study of atherosclerosis risk factors in children, 
adolescents and adults. Loss to follow-up is evident in all longitudinal studies, 
but the participant rates have been rather good as mentioned in the Methods 
section. The representativeness of the remaining cohort has been examined on 
several occasions. In the 1980s, the loss-to-follow-ups were more often men, 
more often smokers and from the older age groups (Porkka et al. 1997). In 2001, 
loss-to-follow-ups were more often men and more often from the younger age 
groups but there were no differences in either males or females in terms of total 
cholesterol, LDL cholesterol, HDL cholesterol, triglycerides, blood pressure, 
BMI or physical activity measured in 1980 between participants and loss-to-
follow-ups (Juonala et al. 2004).  

The participants have been closely followed with well-established methods since 
a young age to adulthood and extensive measurements of risk markers, 
questionnaires on lifestyle factors and ultrasound studies have been performed. 

6.1.2. Physical activity questionnaire 

In this thesis, self-reported leisure time physical activity including commuting 
activity was assessed with a questionnaire that included questions on the 
frequency, intensity and duration of leisure-time physical activity and commuting 
to work. The reliability of physical activity questionnaire is evaluated in earlier 
phases of Cardiovascular Risk in Young Finns study project in many ways. A 
coefficient of internal consistency (Cronbach’s alpha) has been calculated as an 
indicator of the reliability of leisure-time physical activity for the sum index 
including questions on the frequency, intensity and duration. The Spearman’s 
rank order coefficients have varied from 0.44 to 0.76 in studies in youth (Telama 
et al. 1994, Telama et al. 1997, Telama and Yang 2000), and from 0.59 to 0.85 in 
adults from 1992 to 2001 (Yang et al. 2008). The reliability of the test–retest 
reliabilities of the coefficients within a 3-year interval of the PAI was evaluated 
also by reliability coefficients from a simplex model. The simplex model, that 
fitted data very well, provided the possibility to make a distinction between 
measurement error and real change. The test–retest reliabilities using the PAI 
values were all over 0.70 (Telama et al. 1996). Cronbach’s Alpha (r=0.65) was 
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calculated to address the reliability of the MET-index. Values greater than 0.6 are 
commonly considered to indicate good internal consistency (Vogt 1993). There 
might be potential inaccuracies in the individual components of the PAI and 
MET-index. For example, the intensity of physical activity was estimated with a 
question that had only three categories. However, the intensity question 
correlated directly with high intensity sport activities, providing evidence of its 
construct validity. In the frequency question, the two categories at the high end 
had wide ranges: 2-3 or 4-6 times a week. Therefore, when constructing the 
MET-index we allocated the same coefficient for these choices so that this 
inaccuracy would not cause artificial differences in the index. However, similar 
results were seen even when different coefficients were allocated for these two 
choices suggesting by combining these two categories, not much information was 
lost. The highest category for the maximum duration of the exercise was over 60 
minutes, thus we were unable to rank subjects above this cut-point. Despite these 
potential limitations, we observed reasonable correlations between the MET-
index and objective measurements of physical activity assessed by pedometers 
and accelerometers. Nevertheless, the results should be interpreted with caution 
as the potential inaccuracies in the physical activity data may introduce 
underestimations of the relations between MET-index and risk markers. 

6.1.3. Assessing carotid artery elasticity 

In this thesis, ultrasound was used to measure changes in the diameters of the 
carotid artery during cardiac cycle. Carotid artery ultrasound shows similar 
relationships with cardiovascular risk markers as the pulse wave velocity 
(Boutouyrie et al. 1999, Oliver and Webb 2003). Three indices that measure 
different aspects of arterial elasticity were calculated in the assessment of arterial 
elasticity. Distensibility measures the ability of the arteries to expand as a 
response to pulse pressure caused by cardiac contraction and relaxation. Young’s 
elastic modulus gives an estimate of arterial stiffness that is independent of 
intima-media thickness. The stiffness index has been developed to reduce the 
impact of the curvilinear pressure-stiffness relationship on arterial stiffness and is 
considered to be relatively independent of blood pressure. It is relatively easy to 
perform carotid artery ultrasound in large population studies especially as it is 
non-invasive. When calculating distensibility, peripheral blood pressure, instead 
of central, is used. It would be more optimal to study the pulse pressure from the 
carotid artery, because the use of brachial pressure overestimates pulse pressure 
in the central artery (Karamanoglu et al. 1993). However, the difference between 
central and peripheral pulse pressure is likely to be similar between study 
subjects within a narrow age range, as in our study and a strong correlation 
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between systolic (r=0.98) and diastolic (r=0.97) pressures measured in the central 
and peripheral arteries has been shown previously (Borow and Newburger 1982). 

6.1.4. Assessing cardiorespiratory fitness 

In this thesis, cardiorespiratory fitness was assessed with cycle ergometer and 
oxygen uptake was measured while the participants were cycling. 
Cardiopulmonary exercise test represents a non-invasive, easily accessible and 
information-intensive way to assess the cardiovascular status. Peak oxygen 
uptake and especially peak oxygen uptake as related to body weight, have been 
widely used as a tool in clinical decision-making (American Thoracic Society 
and American College of Chest Physicians 2003). However, the interpretation of 
the test may be complex as oxygen uptake is closely dependent on age, sex, body 
anthropometrics and lifestyle and variation in these factors may interfere with 
diagnostic findings (American Thoracic Society and American College of Chest 
Physicians 2003). In this thesis, peak oxygen uptake was dependent on sex, 
height, weight, physical activity, smoking and insulin levels. However, age was 
not significantly associated with peak oxygen uptake, but a steeper decline in 
peak oxygen uptake can be expected after the age of 50 years in males and 60 
years in females (Fleg et al. 2005, Koch et al. 2009); in our study subjects were 
30 to 47 years at time of the cardiopulmonary exercise test. 

6.1.5. Assessing fatty liver 

In this thesis, fatty liver was assessed visually with ultrasound from non-blinded 
images by a trained ultrasonographer. Evaluation of fatty liver was performed 
according to liver-to-kidney contrast, parenchymal brightness, deep beam 
attenuation and bright vessel walls. Liver ultrasound is relatively easy to perform 
in large population studies, is inexpensive and noninvasive.  

In assessing fatty liver, liver biopsy is the gold standard because it is able to 
differentiate between simple steatosis and steatohepatitis based on histological 
evaluation of the tissue (Schwenzer et al. 2009). The sensitivity and specificity of 
ultrasound in detecting fatty liver are a matter of some debate. Saadeh et al. have 
estimated that ultrasound may detect fatty liver when more than 30% of the liver 
is affected (Saadeh et al. 2002). On the other hand, it has been demonstrated that 
ultrasonography has a sensitivity of 60–94% and a specificity of 66–95% in 
detecting fatty liver (Debongnie et al. 1981, Saverymuttu et al. 1986, GRAIF 
2000). The specificity could be increased up to 100%, if the study subjects did 
not have known liver disease, drug use or alcohol consumption (Hamaguchi et al. 
2007).  
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6.2. Results 

6.2.1. Cardiovascular disease risk markers 

6.2.1.1. Smoking 
Physical activity is generally inversely associated with smoking (Marti et al. 
1987, Tuomilehto et al. 1987). In this thesis, physical activity was inversely 
associated with smoking and this was independent of obesity variables. There are 
several modes of behavior that might explain this inverse association. Physical 
activity has been shown to be inversely associated with depression (Kaseva et al. 
2016), whereas depression has been shown to be directly associated with 
smoking (Mathew et al. 2017). Physical activity may protect against smoking 
because of its beneficial effects on mood (Audrain-McGovern et al. 2003). It has 
been shown that temporary smoking abstinence leads to an increase in emotional 
stress, which returns to a normal level after smoking a cigarette (Steptoe and 
Ussher 2006). Acute aerobic exercise increases self-reported positive-activated 
affect (Reed and Ones 2006) and this positive effect from physical activity may 
decrease the urge to smoke. Both physical activity and smoking can be 
considered as a reward and physical activity might be so rewarding that people 
no longer need the reward associated with smoking (Audrain-McGovern et al. 
2006). Raitakari et al. have shown that young subjects leading a sedentary life 
more often tend to start smoking compared to physically more active youths and 
in contrast, those remaining physically active hardly ever start to smoking during 
their transition from adolescence to young adulthood (Raitakari et al. 1994). 

Furthermore, cardiorespiratory fitness was also inversely associated with 
smoking and again this was independent of obesity variables. In line with this 
finding, Benck et al. found that fit participants smoked less in young adulthood 
and after 20 years of follow-up (Benck et al. 2017). The same result emerged 
from Lee and Blair’s large follow-up study (Lee and Blair 2002).  

6.2.1.2. Hemodynamics 
Physically active subjects generally have lower heart rates (Carter et al. 2003) as 
a result of increased parasympathetic tone (Yataco et al. 1997). One mechanism 
might be an improvement in the sensitivity and regulation of the cardiovagal 
baroreflex on the autonomic outflow induced by physical activity (Rennie et al. 
2003). More fit individuals also tend to have lower heart rates (Cooper et al. 
1976). In this thesis both physical activity and cardiorespiratory fitness were 
inversely associated with lower heart rates. 
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Physical activity is associated with lower blood pressure and a reduced risk for 
the development of hypertension in older persons, hypertensive adults and obese 
individuals (Arrol and Beaglehole 1992). In normotensive and younger 
individuals, this association is not generally observed (Alpert and Wilmore 
1994). Accordingly, physical activity was not associated with blood pressure 
with this relatively young and normotensive population of this thesis. However 
interestingly, cardiorespiratory fitness was inversely associated with systolic and 
diastolic blood pressure. The association remained significant with diastolic 
blood pressure even after adjusting for waist circumference and smoking 
although it disappeared with systolic blood pressure. This might be partly 
explained by obesity indices. As seen in Tables 10 and 17, when moving from 
the lowest cardiorespiratory fitness tertile to the highest, waist circumference 
decreased 11 centimeters and BMI was reduced 4 units. On the other hand, when 
moving from the lowest physical activity tertile to the highest, waist 
circumference decreased only 3 centimeters and BMI declined by less than 1 
unit. A larger relative reduction of body mass in cardiorespiratory fitness tertiles 
compared to physical activity tertiles might reflect more clearly on the 
association with blood pressure. 

6.2.1.3. Lipids and apolipoproteins 
Physical activity generally improves the lipid profile (Thompson et al. 2003, Ki 
et al. 2011, Herzig et al. 2014). In line with previous studies (Hostmark et al. 
1992, MacAuley et al. 1996, Raitakari et al. 1997, Ahmed et al. 2011, Ahmed et 
al. 2012), in this thesis, physical activity was inversely associated with 
triglycerides, apolipoprotein B and apolipoprotein B/apolipoprotein A1 ratio in 
males and females in ten years’ follow-up time. Physical activity was also 
inversely associated with oxidized LDL measured in 2001. Physical activity was 
associated directly with HDL cholesterol and apolipoprotein A1 measured in 
2001. 

In previous studies, physical activity has reduced LDL oxidation (Vasankari et 
al. 1998, Vuorimaa et al. 2005). The influence of physical activity on lipoprotein 
metabolism may be mediated through several mechanisms, including increased 
skeletal muscle lipoprotein lipase activity (Hamilton et al. 2004), decreased 
cholesterol ester transferase protein concentration or  activity, increased lecithin 
cholesterol acyltransferase activity (Olchawa et al. 2004) and decreased hepatic 
triglyceride lipase activity (Pronk 1993). 

Cardiorespiratory fitness was inversely associated with total cholesterol, LDL 
cholesterol, LDL/HDL-ratio, serum triglycerides, apolipoprotein B and 
apolipoprotein B/apolipoprotein A1 ratio, but when adjusting for waist 
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circumference and daily smoking, the association remained significant only with 
serum triglycerides. One mechanism could be that cardiorespiratory fitness 
increases lipoprotein lipase activity thus reducing the polygenic risk for 
hypertriglyceridemia (Tanisawa et al. 2014). 

6.2.1.4. Glucose homeostasis 
Physical activity has been reported to lessen insulin resistance (Kavouras et al. 
2007, Schmidt et al. 2008) and increase insulin sensitivity (Ball et al. 2004, 
Rizzo et al. 2008). In this thesis, physical activity was inversely associated with 
insulin, glucose and HOMA-IR. When adjusted for waist circumference and 
smoking, the association between physical activity and insulin and HOMA-IR 
remained significant in every follow-up. Possible mechanisms may include 
increased muscle glucose transporter type 4 content, which increases glucose 
absorption (Dela et al. 1994), increased activity of muscle mitochondrial 
enzymes (Short et al. 2003) and improved insulin action in skeletal muscle (Cox 
et al. 1999). 

Cardiorespiratory fitness inversely associated with glucose, serum insulin levels 
and HOMA-IR. When adjusting for waist circumference and daily smoking, the 
association remained significant with serum insulin and HOMA-IR. There are 
studies indicating that in genetically bred low fit rats, hepatic mitochondrial 
content and the capacity of mitochondria to oxidize fatty acids is reduced leading 
to impaired glucose metabolism (Wisloff et al. 2005, Morris et al. 2016). It may 
be that cardiorespiratory fitness is an attribute that may markedly influence 
glucose metabolism also in humans.  

6.2.1.5. Inflammatory markers 
There is convincing evidence that physical activity decreases CRP levels as this 
connection has been extensively investigated (Raitakari et al. 2005, Chen et al. 
2014, Palmefors et al. 2014). Part of the effect of physical activity may be 
mediated by changes in fat mass and decreased adipocyte production of 
interleukin-6 (Ford 2002). In this thesis, physical activity and cardiorespiratory 
fitness were inversely associated with CRP and this association remained 
significant even after controlling for waist circumference and smoking, thus 
suggesting an independent effect of physical activity and cardiorespiratory fitness 
on the hs-CRP level. It seems that the anti-inflammatory effect of 
cardiorespiratory fitness is also mediated through decreased interleukin-6 levels 
(Park et al. 2017). 

There is a lack of information regarding the effects of physical activity on 
phospholipase enzymes. In an intervention study with patients with type 2 
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diabetes, physical activity was not associated with secretory phospholipase A2 
activity. In this thesis, physical activity was however, inversely associated with 
secretory phospholipase A2 activity measured in 2001 even after adjusting for 
waist circumference. This points to a direct effect of physical activity on 
secretory phospholipase activity. 

There is some controversy concerning data on physical activity and serum 
amyloid A. In a study examining participants over 40 years of age, physical 
activity was inversely associated with serum amyloid A levels (Pitsavos et al. 
2005). In a younger cohort, however, physical activity was not associated with 
serum levels of amyloid A (Verdaet et al. 2004). In this thesis, physical activity 
was not associated with the serum amyloid A concentration. 

6.2.2. Physical activity, cardiorespiratory fitness and cardiovascular disease 
risk markers 

The association between physical activity tertiles, cardiorespiratory fitness 
tertiles and cardiovascular disease markers in 504 study participants were 
gathered in Table 18. Although it would be tempting to compare which is better, 
physical activity or cardiorespiratory fitness, this comparison cannot be done on 
the basis of this table. The methodological differences are far too great as 
physical activity was acquired subjectively by a questionnaire whereas 
cardiorespiratory fitness was determined objectively as breath-by-breath 
measurements of oxygen uptake with cardiopulmonary exercise test.  

6.2.3. Carotid artery ultrasound findings 

Intima-media thickness, Young’s elastic modulus and stiffness index increased 
and carotid artery distensibility decreased significantly between examination 
years 2001 and 2007. The stiffening of arteries is considered to be physiological 
change which comes with age and is caused by the fatigue and fracturing or 
matrix metallo-proteinases activity on elastin lamellae of central arteries 
(Greenwald 2007, O'Rourke and Hashimoto 2007). The elastin is transformed to 
collagen, which is 100-1000 times stiffer than elastin (Greenwald 2007). In this 
thesis, leisure-time physical activity in boys and young adults was associated 
favorably with carotid artery elasticity 21 years later.  

There is very limited longitudinal data on the association of physical activity and 
carotid artery elasticity. It has been shown that lifetime vigorous habitual 
physical activity is favorably associated with brachial and femoral artery 
elasticity in young adults (van de Laar et al. 2010). A decrease in physical 
activity in teenaged males has been associated with increased arterial stiffness 
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after 3 years of follow-up (Chen et al. 2012). Regular physical activity was 
associated with increased small artery distensibility in young to middle aged 
males and females after 6 years of follow-up (Saladini et al. 2014). In cross-
sectional studies, high physical activity has been associated with improved 
arterial elasticity in children (Nettlefold et al. 2012), adolescents (Ried-Larsen et 
al. 2015), young and middle aged adults (McGavock et al. 2006, Huynh et al. 
2015) and in older adults (Laursen et al. 2015). 

Although physical activity was related to arterial elasticity, there was no link 
between youth physical activity and adult carotid intima-media thickness. In the 
Special Turku Coronary Risk Factor Intervention Project –study, physical 
activity was inversely associated with aortic intima-media thickness in 
adolescents. However, aortic intima-media thickness might be a more sensitive 
marker of early atherosclerosis than carotid intima-media thickness (Järvisalo et 
al. 2001, Pahkala et al. 2011). The majority of cross-sectional studies in adults 
have reported inverse associations between physical activity and carotid intima-
media thickness, but many studies have also failed to demonstrate this 
relationship. For example, physical activity was not associated with carotid 
intima-media thickness in over 1,500 adults participating in the NHLBI Family 
Heart Study (Kronenberg et al. 2000). There was also no difference in carotid 
intima-media thickness between sedentary and endurance-trained males (Tanaka 
et al. 2002). In their review, Kadoglou et al. suggested that a possible explanation 
for the differing results would derive from the wide variability of the different 
study populations and that the influence of physical activity on carotid intima-
media thickness seems especially inconsistent among healthy subjects (Kadoglou 
et al. 2008). On the other hand, there are studies in which physical activity was 
associated with increased intima-media thickness (Cuspidi et al. 1996, Abergel et 
al. 1998, Casiglia et al. 2000). This effect could be a consequence of the 
increased wall stress during exercise and might prevent the excessive stretching 
of large arteries at high blood pressure levels (Casiglia et al. 2000).  

There was no association between physical activity in childhood and carotid 
artery elasticity in the younger group of females. It is possible that there is a sex 
difference in the responsiveness to the exposure due to differences in physiology 
(e.g. hormonal differences) and/or to differences in the quality or quantity of the 
exposure dose, such as the amount of vigorous physical activity. It has been 
postulated that estrogen may protect arteries against atherogenesis (Baker et al. 
2003). In the follow-up year, the females in the younger age group were 30 to 36 
years old and the protective effect of estrogen may have masked a weaker effect 
associated with early physical activity exposure. There also might be a difference 
in the quality of physical activity in 9 to 15 year old males and females. 
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Cardiorespiratory fitness was not significantly associated with elasticity indices 
or carotid artery intima-media thickness after adjusting for BMI. In the Special 
Turku Coronary Risk Factor Intervention Project –study, cardiorespiratory fitness 
was inversely associated with aortic intima-media thickness in adolescents 
(Pahkala et al. 2013). This might again be a result of the development of 
atherosclerosis occurring initially in the intima of abdominal aorta (Järvisalo et 
al. 2001, Pahkala et al. 2011). It has been shown in subjects over the age of 40 
years that cardiorespiratory fitness is inversely associated with carotid artery 
intima-media thickness (Lakka et al. 2001, Gando et al. 2011) but not in younger 
age groups, as also found in this thesis. 

There are several possible mechanisms that might explain the association 
between physical activity with enhanced carotid artery elasticity. It has been 
shown that physical activity increases the elastin content of the aortic wall and 
probably enhances arterial dilatation and distensibility in rodents (Matsuda et al. 
1993). In middle-aged and older adults, endurance training improves carotid 
artery elasticity and the effect is mediated through a reduction in alpha-
adrenergic receptor-mediated vascular tone i.e. sympathetic nervous system 
activity is reduced (Sugawara et al. 2009) and conversely, parasympathetic tone 
(Yataco et al. 1997) is elevated with endurance training. High resting heart rate 
has been shown to associate with arterial stiffness (Quan et al. 2014) and as 
physical activity lowers heart rate (Carter et al. 2003) this could explain the 
protective mechanism of physical activity. Aerobic physical activity training may 
enhance the release of nitric oxide via increased shear stress during or 
immediately after physical activity bouts (Kingwell et al. 1997) and delay the 
age-associated reduction or fraction of elastic lamellae in the arterial wall 
(Schlatmann and Becker 1977). Aerobic exercise training has been shown to 
enhance common carotid artery elasticity and reduce the concentration of plasma 
endothelin-1, which is the most potent vasoconstrictor peptide secreted by 
vascular endothelial cells (Yanagisawa et al. 1988). 

6.2.4. Fatty liver 

In this thesis, higher cardiorespiratory fitness, independently linked with several 
cardiometabolic risk markers, was associated with lower risk of fatty liver. 
Importantly, this was evident also among those obese individuals suggesting that 
regardless of body weight status, attainment of even moderate fitness level may 
confer protection against the development of fatty liver. 

In a recent review article, fatty liver has been strongly associated with 
cardiovascular disease, chronic kidney disease and type 2 diabetes mellitus 
(Adams et al. 2017). It has been suggested that fatty liver is associated with 
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colonic neoplasia and reduced bone mineral density (Adams et al. 2017). The 
benefits of physical activity on fatty liver have been extensively studied. Both 
aerobic and resistance training have been shown to improve fatty liver in adults 
(Hashida et al. 2017, Katsagoni et al. 2017). Moderate-to-vigorous exercise has 
been shown to decrease the risk of development of new fatty liver or improving 
resolution of existing fatty liver (Smart et al. 2016, Sung et al. 2016). In obese 
mice, moderate physical activity seems to enhance basal autophagy in the liver 
and this may confer protection from hepatic fat accumulation (Rosa-Caldwell et 
al. 2017). The effect of cardiorespiratory fitness on fatty liver has been less 
examined. Kantartzis et al. have previously shown in overweight adults that 
cardiorespiratory fitness is inversely associated with fatty liver independently of 
total adiposity, body fat distribution and exercise intensity (Kantartzis et al. 
2009). Haufe et al. have reported similar results in an all-male cohort (Haufe et 
al. 2010). Morris et al. have shown that high fit rats are less susceptible to the 
ability of a high fat diet to induce fatty liver than low fit rats (Morris et al. 2014, 
Morris et al. 2016). In summary, it seems that both physical activity and 
cardiorespiratory fitness are important on cardiometabolic health. 

6.3. Strengths and limitations 

The major strength of this study is the large number of participants followed for 
31 years. This cohort of racially homogenous males and females, was randomly 
selected, covering rural and urban areas in Finland; have been well phenotyped 
since childhood to adulthood. This study design has made it possible to examine 
not only cross-sectional associations but also longitudinal associations of 
physical activity with cardiovascular disease risk markers, subclinical markers of 
arterial health and fatty liver. 

As the study cohort consists of white European subjects, the results may not be 
generalized to other ethnic groups. The cohort is still too young to have been 
subject to cardiovascular disease end-points, such as myocardial infarction or 
stroke and therefore it is not possible to examine the associations between 
physical activity or cardiorespiratory fitness with cardiovascular morbidity or 
mortality. 

6.4. Clinical implications 

Physical activity and cardiorespiratory fitness are inversely associated with a 
number of risk markers of cardiovascular diseases. This thesis supports the 
previous studies findings that physical activity and cardiorespiratory fitness are 
favorably associated with decreased smoking, glucose homeostasis, lipid and 
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apolipoprotein levels and hs-CRP in males and females. Physical activity already 
in childhood seems to exert a positive effect on arterial health and 
cardiorespiratory fitness is associated inversely with the risk of fatty liver, even 
among those individuals who are obese. Thus, it is important to encourage people 
to be more physically active, the long-term advantages of cardiorespiratory 
fitness need to be emphasized. The American Heart Association has recently 
issued a scientific statement of the importance of assessing cardiorespiratory 
fitness in clinical practice (Ross et al. 2016). In this statement, they suggest that 
low cardiorespiratory fitness should be recognized as important risk factor in a 
similar manner as smoking, hypertension, high cholesterol and type 2 diabetes; 
for this reason cardiorespiratory fitness should be assessed more frequently in 
clinical practice (Ross et al. 2016).  

6.4.1. Future research needs 

Among 9 to 15-year old females there was no association between leisure-time 
physical activity in childhood and adult carotid artery elasticity indices. The 
study setting should be repeated in an older cohort to examine if this association 
can be detected in these individuals. 

Leisure-time physical activity measured in childhood or adulthood was not 
associated with adult carotid artery intima-media thickness. This should be 
examined also in an older cohort of subjects. 

A prospective analysis of the predictive power of physical activity and 
cardiorespiratory fitness for hypertension, myocardial infarction, stroke and 
death should be conducted later as a part of the ongoing follow-up on this cohort. 
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7. SUMMARY OF RESULTS 

1. Physical activity was favorably and independently associated with resting heart 
rate, levels of insulin, HOMA-IR and hs-CRP in all of the three follow-up 
studies. 

2. Cardiorespiratory fitness was favorably and independently associated with 
diastolic blood pressure, resting heart rate, serum levels of triglycerides, insulin, 
HOMA-IR, hs-CRP. 

3. Among 9 to 15 year-old males, leisure-time physical activity was associated with 
better carotid artery elasticity as indicated by carotid artery distensibility, 
Young’s elastic modulus and stiffness index when these were measured 21 years 
later. 

4. In young adults aged 18 to 24 years, leisure-time physical activity was associated 
with better carotid artery elasticity as indicated by carotid artery distensibility, 
Young’s elastic modulus and stiffness index as measured 21 years later. 

5. Physical activity was inversely associated with a lower risk of fatty liver 
independent of several confounding factors. However, when adjusting for 
cardiorespiratory fitness, the effect was attenuated. 

6. Cardiorespiratory fitness was strongly, inversely and independently related with 
the risk of fatty liver, even among those obese individuals. 
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8. CONCLUSIONS 

The following conclusions can be drawn from the results emerging from this 
thesis: 

1. Physical activity and cardiorespiratory fitness are associated with a wide range of 
metabolic variables, including markers of glucose/insulin metabolism and 
inflammation and this association seems to persist after 10 years of follow-up 
with physical activity. 

2. Leisure-time physical activity has a positive effect on carotid artery elasticity 
after 21 years of follow-up in 9 to 15 years old boys and 18 to 24 years old 
adults. 

3. Cardiorespiratory fitness and physical activity are associated with a reduced risk 
of fatty liver even among obese subjects. 
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