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Summary 
Background: Osteoporotic fractures constitute a major economic burden for 

communities and health care sectors in western societies. For most individuals, following 

osteoporotic fractures is reduced quality of life, increased morbidity and mortality, in 

addition to the monetary costs. The incidence of osteoporotic fractures in Norway is 

among the highest in the world. Bone strength is an important predictor of fracture risk 

throughout life, and in the elderly, both peak bone mass and subsequent bone 

loss are important determinants for the risk of osteoporotic fractures. The foundation of 

bone strength is laid during growth in childhood and adolescence, before the bone mass 

peaks. Adolescence is a time of great vulnerability and we know little about how current 

lifestyle and behavioural pattern influences bone health and bone mass distribution in 

adolescents.  

Objectives: The main objective of the present PhD-project was to describe Norwegian 

adolescents´ bone mass levels, to compare these with international reference values, and 

to explore relationships between potential modifiable lifestyle factors and bone mass. 

Methods: The cross-sectional study, Fit Futures is an extension of the population-based 

Tromsø Study. In 2010/2011, all first year upper-secondary school students in the 

municipalities of Tromsø and Balsfjord were invited to this extensive multipurpose health 

survey. A total of 1,038 adolescents aged 15-18; 508 girls and 530 boys, attended the 

survey, providing an attendance rate close to 93%.  We measured hip and total body bone 

mineral density (BMD), as well as body composition, i.e. distribution of fat (FM) and 

muscle mass (LM) by DXA (Lunar prodigy). Weight and height were measured and body 

mass index (BMI) calculated. Information on lifestyle variables was collected through 

interviews and questionnaires, and blood samples were drawn.  

Results: For the 16-years old, BMD values were significantly higher than the reference 

values provided by Lunar. Physical activity and BMI was highly associated with BMD 

levels, in addition smoking was negatively associated with BMD in boys. Boys reported 

more hours spent on TV/computer use, and we observed persisting inverse relationships 

between this sedentary pastime activity and BMD levels among boys. Body composition 

was strongly related to BMD; the importance of LM was higher than FM. However, the 
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associations of high LM levels with BMD were observed more prominently in boys.  In 

adolescents with lower LM, high FM seemed to ameliorate the effect of deficient LM.  

Conclusion: Norwegian adolescents have similar or probably higher BMD levels 

compared to age-matched European peers. Modifiable life style factors like physical 

activity and BMI seems to be the most prominent predictors for BMD. We observed a 

gender specific difference, as lifestyle factors explained more of the variance in BMD-

levels in boys. Low lean mass and lower physical activity levels attribute an adverse 

influence on bone health, especially among boys, whereas BMD levels in sedentary girls 

seem to be protected by their habitual fat mass.  
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1. Introduction 
The annually 9,000 hip fractures and 15,000 wrist fractures recorded in Norway [1, 2] is a 

case for major health concern. Is there a possible way to prevent some of these? 

 

1.1 Epidemiology of osteoporosis and fractures  

1.1.1 Definition of osteoporosis 

Back in 1993 the Consensus Development Conference gathered an international expert 

panel, to discuss the nature of osteoporosis. The group stated that: “Osteoporosis is a 

systemic skeletal disease characterized by low bone mass and micro-architectural 

deterioration of bone tissue, with a consequent increase in bone fragility and 

susceptibility to fracture” [3]. The condition of osteoporosis, clinically manifested by 

fragility fractures, most common at the distal forearm, spine and hip, constitute a major 

public health challenge worldwide.  

 

1.1.2 Burden of osteoporosis 

Osteoporotic fractures in the elderly imply a huge economic impact; in EU the total costs 

in 2010 were stipulated to 37 billion Euros [4].  Also Sweden and Denmark report 

substantial societal expenditures, with direct costs to medical care and community care, 

as well as indirect costs and loss of quality-adjusted life-years (QUALY) [5, 6]. In 

Norway we have no updated estimates of the annual expenses of osteoporotic fractures. 

Based on Danish figures Dahl in a recent PhD-thesis [7], calculated the Norwegian 

expenditures to 10 billion NOK. In addition to monetary costs, adverse outcomes of 

osteoporotic fractures are related to increased mortality and morbidity [8], with the hip 

fractures as the most serious. Former calculation suggested that about 10-20% more 

women than expected for their age die after suffering a hip fracture [9]. Recent data from 

Norway concluded that 21% of women and 33% of men died within the first year after 

hip fracture [10]. The risk of institutionalisation increases as one third of individuals who 

have sustained a hip fracture become totally dependent afterwards [9, 11].  

 

1.1.3 Fracture rates 

The incidence of osteoporosis differs among populations and ethnic groups, and the 
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incidence of fractures differs between countries [8, 12-14]. Norway has one of the highest 

hip fracture incidences in the world ever reported; age-adjusted fracture rates per 10.000 

for the age group > 50 in 1978/79 were calculated to 104.5 and 35.8 for women and men, 

respectively. The incidence rose to 124.3 and 44.9 in 1988/89, and then declined to 118.0 

and 44.0 in 1996/97 [15]. A considerable increase in incidence with age was observed in 

both genders [15]. A recent review addressing secular trends states that hip fracture rates 

increased through the second half of the last century in Western populations (America, 

Europe and Oceania), although rates appear to have stabilized and age-adjusted decreases 

are reported during the last two decades [13]. Moreover, the trends seem to be similar for 

forearm fractures [13]. Also in Norway such trends are observed; there were no increase 

in hip fracture rates between 1994-96 and 2006-08 in the Harstad Injury Prevention Study 

[16]. Furthermore, the age-standardized total incidence of hip fracture decreased by 

13.4% in women and 4.8% in men between 1999 and 2008 [2]. However, as the 

Norwegian population and the life expectancy are increasing [17] it is likely that the 

population at risk and the absolute numbers of fractures will still rise [18]. 

 

The explanation of the decreasing fracture incidence is unknown, but is likely to be multi 

factorial as several determinants have been linked to BMD-levels, osteoporosis and 

fracture risk. This may also reflect cohort effects driven by improved nutritional status 

during childhood and growth in the present elderly. As this is merely speculation from 

ecological studies, we need more knowledge on how lifestyle affects bone health in 

younger age groups. 

 

1.2 Bone biology and physiology 

1.2.1 Bone as a tissue 

The skeletal system is a complex and dynamic body, composed of different tissues 

working together. The skeleton includes 208 bones; the skull with its tiny knuckles, the 

vertebral column and the thorax are denoted the axial skeleton, while upper and lower 

limbs together with the shoulder and pelvic girdle constitute the appendicular skeleton.  

The task of this structural framework is to support soft tissues, protect internal organs, 

and together with the muscles perform movements. Inside the knuckles the red bone 
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marrow produces blood cells, the yellow bone marrow is storage of triglycerides and the 

bony tissue serves as a reservoir for several minerals, especially for calcium and 

phosphorus in maintaining the mineral homeostasis [19].   

 

1.2.2 Components of bone 

The adult skeleton consists mainly of compact bone tissue, the cortical bone (80%).  

The osteon is the structural unit composed of concentric layers around the central 

Haversian canal, with its blood vessels, nerves and lymphatic vessels [19]. An envelope 

of cortical bone, comprising series of cylindrical units denoted the Haversian systems, 

surrounds all bones of the skeleton. A membrane, the periosteum covers the outer surface 

of the cortical bone [20]. Close to the marrow cave a corresponding membranous 

structure, the endosteum, covers the inner surface of the cortical bone [19, 20].  

In the spongy or trabecular bone (20%), the osteons are called packets. These are semi 

lunar in shape and composed of concentric lamellae. This bone tissue is cancellous and 

characterized by bony trabecular plates interspersed spaces filled with bone marrow. This 

type of bone is light and can withstand compressive loads better than cortical bone, 

because it can absorb energy more efficiently [21]. The bone tissue contains of a 

composite of a cellular network and extracellular matrix. The bone matrix consists of 

85% collagen, and minerals such as calcium and phosphate are deposited in the bone 

matrix as hydroxyapatite crystals [20].  

 

In bone there are four main types of cells. The Osteogenic cells are bone marrow stem 

cells. By cell division the resulting cells develop into osteoblasts [19]. Osteoblasts 

synthesize and secrete collagen fibres to build extracellular matrix of bone fibres. Buried 

in this extracellular matrix they differentiate into osteocytes. Another key role is to 

promote osteoclast differentiation by secreting cytokines [21]. Osteocytes are cells of 

communication and are the main cells in bone tissue, covering the bone surface. They 

detect and transduce the effects of mechanical loading. By detection of micro damage 

they co-ordinate the subsequent bone remodelling and maintain the daily metabolism 

within bone [22]. The osteoclasts concentrated in the endosteum derive from monocytes. 

The formation and activation of these cells are dependent of local cytokines from the 



 15 

osteoblasts and other cells. Their main task is resorption; to break down and remove the 

extracellular matrix [23]. 

 

1.2.3 Bone growth and development 

About 8 weeks of embryotic development, the pattern of the skeleton has been largely 

determined. This early “skeleton” is the site for ossification, the initial bone formation 

that starts 6 weeks post fertilization [24]. The majority of bones commence ossification 

during the first weeks of fetal stage, while others several weeks after birth. The fetal stage 

is characterized by rapid growth in bone size and maintenance of the bone´s shape, which 

in turn prerequisite adequate maternal nutrition and fetal movements [24]. After birth, the 

skeleton maintains a fast rate of growth in length and thickness. The long bones continue 

their growth during infancy, childhood and adolescence until they reach their adult size. 

Growth in length is driven by bone formation on the diaphyseal side of the epiphyseal 

plate, while increased thickness is related to net bone formation on the periosteal surface. 

Combined with resorption on the endosteal surface, the medullar cavity enlarges [19]. 

Throughout life, each bone undergoes continuous modelling and remodelling to adapt to 

changing biomechanical forces, and to remove and replace old damaged bone in order to 

maintain bone strength [20].  

 

1.2.4 Development of skeletal sex differences 

Through childhood, growth in stature is determined by an appendicular growth rate 

approximately twice the rate of the axial growth. At puberty the appendicular growth rate 

slows down as the axial growth rate accelerate [25]. During the first two years of puberty 

the rates of these processes are the same. Onset of puberty is approximately 2 years 

earlier in girls; this gives the boys two additional years of appendicular growth resulting 

in different morphology [25].  

 

During puberty in boys, the periosteal apposition increases the bone width and the 

endosteal resorption expands the inner cavity. As the rate of the external bone formation 

is higher than the endosteal bone resorption, the cortical thickness increases. In girls the 

rate of periosteal apposition decreases, whereas there are no changes, at some sites even a 
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narrowing, of the medullar cavity. This leads to smaller total and medullar size, with a 

similar cortical thickness compared to boys [25].The greater periosteal expansion in boys 

compared to girls has been attributed to higher pubertal levels of androgens in male [26]. 

 

Low levels of oestrogens and perhaps androgens are responsible for the linear growth 

spurt in both sexes at the beginning of puberty [26]. As the rate of linear growth peaks 

earlier than the bone mass acquisition, there will be a “transitory phase of porosity” [25] 

which is linked to increased fracture rates in girls 10-12 and boys 12-14 years of age [27]. 

At the end of puberty high levels of oestrogens promotes closure of the epiphysis and the 

longitudinal growth slows down [26]; cortical porosity decreases as bone formation 

increases at the trabecular surface [25]. Young males seem to develop thicker but similar 

numbers of trabeculae compared to girls, and this sex difference may be of importance 

for fracture risk in later life, as thin trabeculae are more easily perforated [25].   

 

1.2.5 Bone strength 

The strength of the bone is defined by the amount of bone mass, by external size and 

shape (elliptical, external diameters), as well as the internal structure of the cortical and 

trabecular bone [25, 28].  To maintain a light but strong bone the cortical thickness and 

porosity, the numbers of trabeculae, their thickness, orientation and connectivity is 

organized to minimize mass and optimize strength [29, 30]. The quality of the bone 

matrix is also of importance as it regulates the bone mineralization [20, 31].  

 

1.2.6 Measuring bone strength  

Several non-invasive techniques, for research as well as for clinical purposes, have been 

developed for in vivo prediction of bone strength. Quantitative computed tomography 

(QCT) assesses bone density by 3 dimensions (3D) images.  The QCT technique provides 

robust measurements of geometry and volumetric bone density in trabecular and cortical 

compartments at sites that are most prone to fractures and allows adaptions in density and 

geometry to be distinguished [32, 33]. The more resent high resolution peripheral QCT 

(HR-pQCT), is a technique able to capture both density and structure measurements at an 

excellent precision (2-4%) [33]. Opposed to the CT imaging, the magnetic resonance 
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imaging (MRI) technique allows 3D measurement of bone geometry and 

microarchitecture without ionizing radiation [33]. Despite these approach´s ability to 

perform structural images of high quality, the techniques are not widely used. They 

require specialised scanners included extensive resources and soft ware, and the 

measurements are limited to the appendicular skeleton.  

However, for almost 20 years a low ionizing radiation examination of bone mineral 

content has been regarded as a good and applicable surrogate measure of bone strength. 

The bone mineral content (BMC) divided by its scanned area; the areal bone mineral 

density (BMD), measured by dual energy x-ray absorptiometry (DXA) (Figure 1) 

predicts 60-70 percentages of the variance in bone strength [31]. A strong relationship 

between BMD levels and the probability of fracture has been documented [34, 35]. The 

DXA approach is considered as the gold standard for diagnosis of osteoporosis, as 

reference values based on DXA measurements define the diagnostic criterion [36].  

However, the World Health Organisation (WHO) diagnostic categories for normal BMD-

values, osteopenia, and osteoporosis, based on BMD T-scores are not recommended used 

before the age of 20, as they are not applicable to children and adolescents who have not 

reached peak bone mass [37, 38]. 

 

 
Figure 1. Measurement of total body bone mineral density using dual energy x-ray 

absorptiometry (DXA) 
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1.3 Peak bone mass and its determinants 

1.3.1 Definition of peak bone mass 

Bone mass increases as the skeleton grows, reaching a plateau, the peak bone mass 

(PBM) at the end of the second or early in the third decade of life [39]. PBM are defined 

as the amount of bone tissue present at the end of skeletal maturation [40]. 

Approximately 70-80% of the variance in PBM in a population is determined by genetic 

factors [41, 42]. To achieve the full genetic potential for bone strength, sufficient 

nutrients and optimal skeletal loading are required [42]. Interruption of normal 

physiological processes by illness or lifestyle may lead to a degree of bone deposition, 

which is below expected level for an individual, given its genetic constitution. This thesis 

focuses on the modifiable determinants of PBM. 

 

1.3.2 Weight and nutrition  

Body weight that is a compound of hereditary and environmental factors, is the largest 

single determinant of the variability in adult bone mass. Body weight explains roughly 

half of the bone mass´ variance at a population level [41]. The positive influence of body 

mass index (BMI) on bone mass is well established in adults as well as in youths [43-46], 

and weight maintenance has been regarded as protective of future fracture risk [47]. 

However, some studies suggest that the positive effect of BMI is limited to a certain 

threshold [48, 49]. In addition to the loading effect of body weight, non-mechanical 

factors such as bone active hormones from the adipocyte [50], the muscle [51] and the 

gut [52] may have an anabolic impact on bone. As the adverse effects of obesity in 

children and adolescents´ general health are of major concern [53, 54], study of weight 

and body composition´s influence on bone need further elaboration.  

Beyond sufficient energy intake, a broad array of macro- and micronutrients are 

important for bone health. Some key nutrients such as calcium, vitamin D and proteins, 

must be present in adequate levels. For the collagen synthesis, enough proteins are of 

importance [55]. Low calcium levels seem to be a limiting factor for bone accumulation, 
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however above a certain threshold the bone acquisition remains constant [56]. Active 

calcium absorption through the gut depends on sufficient vitamin D levels. Vitamin D is 

generated when the skin is exposed to sunlight. At higher latitude as Tromsø, at 

approximately 70 degrees northern latitude, the sun is too low for cutaneous vitamin D 

synthesis between October and March [57], and sufficient vitamin D levels are in general 

based on diet. However, vitamin D deficiency is common among children and 

adolescents [58] and also described in our cohort [59]. An optimal development of bone 

requires a diet rich in all essential nutrients. Diary products are preferable, as this food 

group provides 20-75% of the recommended calcium, protein, phosphorus, magnesium 

and potassium intakes [55]. Milk avoidance appears to have deleterious effects on 

children´s bone, and the effects of low milk consumption in childhood may extend into 

adult life. Also carbonated soft drinks have been related to decreased BMD in girls, and 

increased fracture risk in both sexes. Whether this effect is due to milk replacement are 

unclear, as some studies suggest independent effects of these beverages [58]. How these 

key nutrients influence bone acquisition in a high-income Western adolescent population 

would be important to clarify.  

 

1.3.3 Physical activity  

In addition to the genetic constitution and nutritional status, mechanical loading modifies 

the skeleton. High impact sports, participation in recreational play, as well as higher 

levels of normal physical activity have a positive effect on bone strength [32]. Regular 

weight bearing exercises with dynamic activities including high strain rates, such as 

jumping and running are widely reported to be “osteogenic” [60, 61]. Physical activity 

divided into short bouts with rest periods in between, is regarded to be the most beneficial 

as the sensitivity of the bone cell to loading stimulus returns after a period of rest [39]. 

The peak momentary muscle forces as described by Frost´s “Mechanostat theory” have a 

strong influence on bone acquisition in youth [62, 63]. During growth when the periosteal 

surfaces have a greater proportion of active bone cells, the mechanical loading increases 

the already active modelling process [32]. Skeletal adaptation to loading implies changes 
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in bone mass, geometry and structural properties, as well as material properties. The 

trade-off between strength and mass implies that a small amount of bone is strategically 

placed away from the axis of bending (Figure 2), where it has an exponential effect to 

resist bending loads [28, 30, 32].  

 

The longitudinal effects of physical activity during childhood and adolescence on bone 

health and future fracture risk are not fully explained. There are indications of the pre-

pubertal and early puberty as the most beneficial periods for bone acquisition and that the 

acquired bone mass is maintained into adulthood [39, 42, 64]. A recent study concludes 

that physical activity during youth should be encouraged for lifelong bone health, due to 

its effects on bone size and strength rather than its effect on bone mass [65]. Mapping out 

the physical activity levels and the influence on bone in this youth cohort, provide data 

for further investigations on long-term effects of physical activity in a public health 

perspective. 
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1.3.4 Tobacco and alcohol   

In a preventive perspective, adverse effects on PBM have also been examined. 

Adolescent tobacco use is associated with lower BMD-levels in some, but not all studies 

[38, 41, 66]. The contradictory findings may be attributed to differences in smoking 

habits and the ability to control for confounding factors. In the adult population, several 

underlying pathophysiologic mechanisms that predispose smokers to bone loss have been 

defined.  The deleterious effects on fracture risk imply all skeletal sites through BMD-

dependent as well as BMD-independent factors. The adverse effects are influenced of 

dose and duration, and some studies have observed a reversible effect of cessation [67]. 

Figures from Norhealth [68] indicate increased snuffing habits between 2005 and 2009 

among Norwegians aged 15, while traditional smoking decreases. The effect of snuffing 

on bone is hardly described in the literature. A small study of elderly women, for whom 

smokeless tobacco use from childhood was common, reported that such tobacco use had 

negative impact by increasing BMD loss with age [69]. To my knowledge, potential 

long-term effects on bone of such a notable change in tobacco use are not described at a 

population level.  

The effects of alcohol have been extensively studied in adults. The results indicate that 

excess alcohol consumption is associated with low bone density, mainly by suppression 

on bone formation [41]. Another systematic review and meta-analysis concluded that 

most evidence support a beneficial effect of moderate alcohol consumption on bone 

density [70]. However, the effect of alcohol intake on peak bone mass is unclear [38, 41], 

and results from this study population may be of value. 

 

1.3.5 Hormonal contraceptives  

Oestrogens are essential for the pubertal bone changes in boys and girls. The positive 

effects on PBM and subsequently on bone loss have been demonstrated both in men and 

women [71]. Hormonal contraceptives are commonly used in early life, within the first 

reproductive years, for contraceptive as well as non-contraceptive purposes [72, 73]. The 
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most frequently prescribed, combined hormonal contraceptives (CHC), promote a 

reduction of oestrogen and a suppression of endogenic progesterone production by the 

ovaries, so that the circulating levels of sex hormones are dose dependent of the CHC-

therapy [72]. Several studies have investigated the effect of CHC, and evidence suggests 

that the effect is different in young women who have not yet achieved PBM, compared to 

skeletally mature women. Depending on oestrogen dose and duration of exposure, CHC 

may interfere with the normal acquisition of peak bone mass in adolescents [72-74]. 

Progestin-only methods are available as pills, injections and implants. While pills contain 

a small dosage of contraceptive agents, an intramuscular or subcutaneous depot injection 

provides a higher dose of progestin, which has been linked to BMD loss in adolescents 

[75]. Thus, the possible influence of these contraceptives is important to follow when 

bone health is studied.
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2. Rationale and aims  
BMD in the elderly is a function of the amount of bone gained during growth and the rate 

of subsequent bone loss during aging [76]. In adolescence bone mass and size varies to a 

great extend around the age-specific means, estimated to 10-15% (1SD), while 1 SD 

variance in the rate of bone loss in the elderly is estimated to approximately 1% [25]. 

Preventive strategies have focused on the age-related bone loss, and the frequency and 

severity of fractures among the elderly. There is however, a growing understanding for 

the importance of bone mass during growth as a compensation for the later inevitable 

bone loss [30, 77]. As the differences in achievement of bone mass during growth is 

greater than the rates of loss during ageing, it is likely that trait variances established at 

the completion of growth are more important for future fracture risk. Moreover, factors 

that modify skeletal morphology, like exercise and nutrition are probably best instituted 

during growth [25, 65]. 

 

For the first time in Norway, the Fit Futures study provided a unique opportunity to 

explore the association between lifestyle and bone health at the entrance of adult life. The 

main objective of the present PhD-project was to identify young people´s health 

behaviour, which may influence the acquisition of PBM and by that: bone strength at the 

entrance of adult life. The differences between the genders were explored and the 

following three main issues have been addressed and represented as one paper each. 

 

1. Description of bone mineral density levels in Norwegian adolescents compared 

with international reference values, and identification of modifiable predictors, 

which may influence the acquisition of peak bone mass at the femoral sites. 

2. Elaboration of a possible adverse effect of sedentary lifestyle on bone health, 

focused on increasing time spent in front of television and computers in leisure 

time. 

3. Exploring the influence of BMI and body composition on adolescents´ bone mass 

density at the hip. 
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3. Materials and methods 
3.1 Study population: Fit Futures  

The Tromsø Study [78] is a population-based study with repeated health surveys in the 

municipality of Tromsø inviting all residents in specific age groups. Fit Futures is an 

expansion of the Tromsø Study, in collaboration with the University Hospital of North 

Norway (UNN HF), UiT The Arctic University of Norway and the Norwegian Institute of 

Public Health (NIPH), with the intension to collect data from age groups sparsely 

represented in population-based studies. The survey is the start of an extensive, 

multipurpose longitudinal health survey. The overall aim of Fit Futures is to study 

adolescents´ health and health behavior in a broad perspective. In total, 13 research 

groups are represented with projects in the first wave of Fit Futures. The research groups 

are responsible for their respective data collection, and information from the general 

clinical examinations, interviews and questionnaires are shared among the groups. For 

this thesis we had access to bone measurements in addition to body composition, height 

and weight. We had information from questionnaires about puberty, about lifestyle 

variables such as physical activity, sedentary behaviour, smoking and snuffing habits, 

alcohol consumption, and nutritional information on daily calcium and soft drinks 

consumption. Finally, analyses from collected blood samples provided serum vitamin D-

levels, while information on past medical history, use of medication and contraceptives 

was obtained by interviews. 

 

In 2010/2011 all first year upper-secondary school students in the two neighbouring 

municipalities, Tromsø and Balsfjord were invited to the cross-sectional Fit Futures 1 

(FF1). In this geographical area (Figure 3) there were eight schools representing an urban 

as well as a rural population.  
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Figure 3 Geographical areas for the Tromsø Study, Fit Futures 

 

The invited cohort included 1,117 participants mainly aged 15 – 19 years old, of which 

1,038 adolescents attended the survey, providing an attendance rate close to 93 %. The 

main analyses are based on data from adolescents younger than 18 years of age at FF1 

(n=961). However, numbers of participants in each paper varies according to variables of 

interest and complete datasets. A second wave of the survey Fit Futures 2 (FF2), carried 

out in 2012/2013 provided repeated BMD-measurements of 66% of the original cohort, 

which are included in paper II. 

 

 

3.2 Ethics 

The Norwegian Data Protection Authority (reference number 2009/1282) and The 

Regional Committee of Medical and Health Research Ethics (2011/1702/REK nord) 

approved the study in July 2010 and October 2011, respectively. According to the 
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Declaration of Helsinki [79] and the Health Research Act [80] informed consents were 

provided. All participants signed a declaration when arriving at the study site. Juvenile 

participants aged 16 and older, in line with the Health Research Act (§17). Younger 

participants regarded incompetent to consent, had to bring written permission from their 

guardians, as described by guidelines in the Patients´ Rights Act [81].  

 

3.3. Measurements 

3.3.1 BMD measurements 

By DXA (GE Lunar Prodigy, Lunar Corporation, Madison, Wisconsin, USA) with 

enCORE paediatric software version 13.4 [82], we measured BMD (g/cm2) at total hip, 

femoral neck and total body sites, as well as total body lean mass (LM) (g) and total body 

fat mass (FM) (g). Specially trained research technicians at UNN performed all scans at 

the same device according to the protocol provided by the manufacturer. They reviewed 

and reanalysed the scans if necessary, and a final quality control excluded ten scans, due 

to artefacts (metal in pockets etc.). We included BMD-measurements from the left hip by 

default, or from the right hip in cases of poor quality scans. 

 

3.3.2 Anthropometric measurements 

We measured height to the nearest 0.1 cm and weight with a precision of 0.1kg on an 

automatic electronic scale, the Jenix DS-102 stadiometer (Dong Sahn Jenix co., Ltd., 

Seoul, Korea), according to standardised procedures in The Tromsø Study. BMI was 

calculated as weight (kg) and divided by squared height (m2), and categorised according 

to Cole et al.´s BMI cut-off points for children and adolescents [83, 84] and the WHO 

index for those older than 18 [85]. The categories were used to describe the study 

population in paper I, whereas further analyses were made of the continuous BMI-

variable. 

 

3.3.3 Vitamin D-levels 

Non-fasting blood was obtained, and serum 25(OH)D was analysed in stored sera, using 

high pressure liquid chromatography mass spectroscopy (LC-MS/MS) at The Hormone 
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Laboratory, Haukeland University Hospital [59]. The vitamin D-variable was available 

for adjustments in paper II and III. 

 

3.4 Self-reported data 

3.4.1 Assessment of puberty  

Pubertal status in girls was determined through a question about age at menarche, for 

those who reported they had started menstruating. The Pubertal Development Scale 

(PDS) were introduced during the study [86], providing supplementary data on secondary 

sexual characteristics in boys. Sexual maturation was categorized into “Early”, 

“Intermediate” and “Late” for girls, correspondingly “Completed”, “Underway” and 

“Barely started” for boys, as described in paper I. In paper II and III the analyses were 

adjusted for sexual maturation as a continuous variable in girls and categorical in boys. 

 

3.4.2 Assessment of physical activity  

The participants responded to several questions on exercise and physical activity during 

leisure time. They were questioned about frequency, duration and intensity of the 

activities, as well as hours spent in sedentary activities during ordinary days.  

 

Table 1 The Gothenburg Instrument 
Question Answer options 

State your exercise and physical exertion in leisure 

time. If your activity varies much, for example 

between summer and winter, then give an average. 

The question refers only to the last twelve months. 

1) Reading, watching TV, or other sedentary 

activity? 

2) Walking, cycling, or other forms of exercise at 

least 4 hours a week? (including walking or cycling 

to school, shopping, Sunday-walking, etc) 

3) Participation in recreational sports, heavy 

outdoor activities, snow clearing etc? (note: 

duration of activity at least 4 hours a week) 

4) Participation in hard training or sport 

competitions, regularly several times a week? 

 

Table 1 shows a short instrument developed in Gothenburg in the 1960´s to measure 

leisure-time physical activity levels [87]. This instrument here denoted the Gothenburg 
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Instrument, is the main questionnaire used for assessing physical activity level in this 

thesis. 

 

3.4.3 Assessment of other covariates  

The Fit Futures survey included an extensive electronic questionnaire with numerous 

questions about lifestyle [88], and the experienced technicians interviewed the 

participants about past medical history and use of medication. The data management of 

the collected covariates are thoroughly described in the respective papers.  

 

3.5 Statistics  

Analyses were performed sex stratified using SPSS (Statistical Package of Social 

Sciences, Chicago, IL, USA) version 22. All tests were two-sided, and the level of 

significance was set to 0.05.  Descriptive characteristics of the study population were 

presented as mean, SD and frequencies (%). Differences between groups were explored 

with Pearson´s Chi2 test and “Independent samples t-test”, while comparisons of the 

study population´s BMD-levels with the international references were performed with 

“One sample t-test for a single group” (Paper I). By Pearson´s R we explored correlations 

between variables. To assess differences between group means we used ANOVA, 

performed with the more conservative Bonferroni correction to reduce familywise error 

rate.  

In paper I, we explored relationships by simple linear regression analyses between all 

relevant and available variables of importance for BMD-levels. Modelling to the highest 

adjusted R2 by multiple linear regressions, we built a model explaining the variance in the 

study population the best way. In general, subjects with missing values in exposure, 

outcome or confounder variables were excluded form regression analyses. Due to the 

considerable missing of male puberty values, multiple imputations were performed [89]. 

Possible moderation effects between independent variables were checked and statistical 

significant interaction terms included in the models. When appropriate, stratified analyses 

to avoid the observed interaction effects were performed (Paper I and Paper III). 

In paper III, we conducted ANCOVA and 2-ways ANCOVA to compare means across 

FM and LM-tertiles, and at different FM/LM-combinations, respectively. Carbonated 
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drink consumption, calcium intake and serum vitamin D-levels were not available for 

analyses in paper I. All these variables were included as confounding variables in paper 

II, and the two latter in paper III. In the third paper we estimated by logistic regression 

the impact of decreasing FM and LM on the probability of having low BMD-levels. After 

each model fit, residual analyses to assess assumptions of linearity, normality and 

homogeneity of variance, as well as multicollinarity were performed.  
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4. Results 
4.1 Summary of papers 

4.1.1: Paper I:  

Hip fractures are regarded as the most serious osteoporotic fracture, and Norway has one 

of the highest reported incidences of hip fractures in the world. Maximization of peak 

bone mass may prevent later fractures. The aims of this population-based study were to 

describe BMD-levels in Norwegian adolescents, compare these levels with international 

reference ranges and explore associated factors that may influence peak bone mass 

acquisition at the femoral sites in this age group.  The study cohort included 1,038 

participants, while the main analyses comprised 469 girls and 492 boys younger than 18.   

 

BMD-levels appeared higher in Norwegian adolescents compared to the Lunar pediatric 

reference data (p<0.001 at all sites for those 16 years old). In multivariate analyses 

height, participation in intensive physical activity of more than four hours a week and 

early sexual maturation were significantly associated with higher BMD levels at both 

femoral sites in girls (p<0.019). BMI was significantly associated with BMD only at the 

total hip (p<0.001). The corresponding variables in boys were age, height, BMI, higher 

physical activity levels and alcohol intake (p<0.038), whereas early stage of sexual 

maturity and smoking were negatively related to BMD (p<0.047). Snuffing and use of 

hormonal contraceptive had no significant influence on BMD levels. The highest physical 

activity levels were associated with more than 1 SD higher BMD levels than those 

reporting sedentary activities, which correspond to a fracture risk reduction of 50% in 

adulthood. 

 

In conclusion, despite the heavy fracture burden, Norwegian adolescents´ BMD levels are 

similar or higher than age-matched Caucasian populations. Peak bone mass seems to be 

modifiable by lifestyle factors, such as physical activity, BMI, alcohol consumption and 

smoking. Physical activity were associated with considerably higher BMD levels at the 

hip in those involved in recreational sports or sports at a competitive level.  
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4.1.2: Paper II 

Low levels of physical activity may have considerable negative effects on bone health in 

adolescence. The population´s opportunity to be sedentary, rather than active has 

increased, and self-reported media use appears to have increased in the past decades. In 

this study we explored the associations between self-reported hours spent in front of 

television/computers and BMD-levels measured in FF1. Persisting associations were 

explored by analyses of repeated bone measurements from FF2. Complete data sets for 

388/312 girls and 359/231 boys at FF1/FF2 respectively, were used in analyses. 

 

Boys spent more time in front of television and computers: mean 5.1 (SD 2.7) and 3.8 

(2.2) hours per day in weekends and weekdays, respectively, compared with 4.0 (2.3) and 

3.2 (2.0) hours in girls (p<0.001). Physical activity levels were inversely related to leisure 

time computer use at weekends (p<0.001). However, many adolescents balanced 2-4 h 

screen time with moderate or high physical activity levels. In FF1, screen time at 

weekends was negatively associated with BMD-levels in boys and positively in girls, 

after adjustments of age, puberty, height, BMI, physical activity, vitamin D levels, 

smoking, alcohol, calcium and carbonated drink consumption. This contrasting pattern 

was also observed in 2 years follow-up analyses. 

 

This study suggests that for young boys, self-reported time spent on screen-based 

sedentary activity was negatively associated with BMD-levels; this relationship persisted 

2 years later. Such negative associations were not present among girls.  
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4.1.3 Paper III: 

BMI is positively associated with higher BMD-levels at all ages. In this study we 

examined the influence of body composition, in terms of total body lean mass (LM) and 

total body fat mass (FM) on BMD-values at the hip in 395 girls and 363 boys younger 

than 18. We also explored if certain combinations of the two components were more 

beneficial for bone health than others.  

  

In analyses stratified for body composition, femoral neck BMD increased by 0.053 and 

0.032 g/cm2 per SD increase in LM and FM respectively (p<0.001) in girls, after 

adjustments for age, height, sexual maturation, physical activity levels, vitamin D levels, 

calcium intake, alcohol consumption and smoking habits. In boys, corresponding values 

were 0.072 and 0.025 g/cm2, (p<0.001). When comparing means, the LM/FM 

combinations including high LM stood out as most beneficial for BMD. Decreasing LM 

was associated with an increased risk of osteopenia; with a doubled effect in boys, 

compared to girls. 

 

Taken together, we concluded with a gender specific variation in LM´ and FM´ 

relationships with BMD. High LM was of crucial importance, observed more 

prominently in boys, while a more complex balance between LM, FM and BMD was 

observed in girls. In adolescents with lower LM, high FM seemed to offset the effect of 

deficient LM. 
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5. Discussion of methodological considerations  
5.1 Study design 

The cross sectional design can be used for studying diseases and risk factors in a 

populations in a narrow, defined period of time [90]. Its observational and descriptive 

nature makes it well suited to generate hypothesis. The study design is in general exposed 

to selection bias such as underrepresentation of diseases of high mortality (survivor bias), 

non-responder bias, as well as inter-observer bias [90]. The design´s main constrain is 

however, the limitation of causal inferences, as exposures and outcomes are collected at 

the same time. Nevertheless, strong associations, as observed in this study, may indicate 

true relationships. 

 

5.2 Random error and precision  

“Precision in measurement and estimation corresponds to the reduction of random 

error” [91]. Detailed protocols were developed by the Fit Futures administration before 

study start to prevent and minimize random and systematic errors. Likewise, efforts were 

put to monitor and maintain the quality of the data during the conduct of the study. The 

study was carried out in a specialized hospital ward, set up for medical research. The 

research technicians were trained in all data collection procedures, to reduce inter-

observer variability. Anyhow, most variables are measured with some degree of error, 

variability we cannot predict [91]. These random errors have no preferred direction; some 

estimates will be too high and others too low. Larger sample size tends to eliminate the 

effect of random error and produce a correct estimate of the mean [92]. With a sample 

size of approximately 400 of each sex, random error and subsequently precision was 

likely not a problem, and the observed associations not a result by chance. 

 

5.3 Systematic error and internal validity 

5.3.1 Selection bias 

Selection bias is a systematic error in a study related to procedures for selection of 

subjects, or from factors that influence study participation [91], and occur when the 

relationships between the associated factors are different in responders and non-

responders. In Norway, all adolescents are enrolled in the upper-secondary school 
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system, ensuring complete registration of all students in this specific age group. Of the 

registered students, 70 quitted schools before study start, 114 did not attend school due to 

persistent diseases or we were unable to get in touch with them, and another 7% of the 

invited did not participate in the study (Fig 1, paper I). How non-attendance influences 

the results, will vary according to variables of interest. Dropout from school may be 

associated with an unhealthy lifestyle, and individuals suffering chronic illness may also 

have lower BMD levels [66], which could have caused an over-estimation of the study 

population´s BMD-levels. In contrast, comparisons of participants and non-attenders in 

FF2 revealed higher BMI-values among the non-attending girls (paper II). A 

corresponding bias in FF1 may have under-estimated the observed BMD-levels, and 

made these results more conservative. Thus, with data from 80% of the background 

population, which are considerable compared to other cross sectional studies, we believe 

that the results should not be twisted by selection bias.  

 

5.3.2 Information bias 

Information bias refers to a distortion of an estimate that occurs when measurement of 

either the exposure or the response is systematically inaccurate, and leads to different 

quality of information between compared groups [93]. Common reasons are imperfect 

definitions of study variables or incorrect procedures for data collection leading to 

misclassification (categorical variables) or measurement errors (continuous variables) 

[94]. Systematic errors may be non-differential or differential. The non-differential 

errors, i.e. when the error is independent of exposure and outcome, may mostly lead to 

attenuation of the result, whereas differential errors are more serious flaws. They occur 

when the error is not independent of exposure and outcome, and may twist the result in 

any direction, more difficult to predict, and must be handled in the planning process. 

 

5.3.2.1 Validity of BMD-measurements 

The DXA technique is regarded to have an excellent precision, despite some limitations 

related to soft tissue composition. In this study, we followed the calibrating procedures 

from the manufacturer, but did not perform a separate precision or accuracy study. 

However, the CV of our device has previously been estimated to 1.2 and 1.7% at the total 
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hip and femoral neck respectively [95], as reported by others [96]. However, the main 

outcome, BMD derived by DXA, may have been exposed to measurement errors. The 

DXA measurement is two-dimensional (2D), and does not take into account the third 

dimension - the size of the bone, and therefore unable to measure the true volumetric 

density [96]. As the depth of the bone is “hidden” in the 2D projected image, small bones 

are prone to under-estimation and larger to over-estimation of bone density. To handle 

this technical limitation, BMD-measurements in children and adolescents are usually 

reported in relation to age, gender and race. In addition, interpretation of the estimates 

should take into account puberty, as sexual maturity is closely related to height and 

growth [96]. By sex-stratified analyses, errors according to gender have been eliminated 

in this study. Extended analyses without the non-white participants (4%) did not change 

the results, indicating that influence of race was likely not an issue. All analyses were 

adjusted for age, height and puberty to minimize the effects of potential measurement 

errors.  

 

5.3.2.2 Validity of puberty assessment 

Tanner stages for puberty assessed by health professionals, have been regarded as the 

gold standard for classification of sexual maturity [97]. According to feasibility this 

approach was left out during the planning of the study. The included question on 

menarche age is well validated and provided us with reliable puberty data for girls [98]. 

During the survey self-rating questions on secondary sexual characteristics, the PDS were 

introduced, providing supplementary data on pubertal status in boys, too. The PDS-

questionnaire administered by interview or by self-report has shown to be a reliable 

alternative to Tanner stages, although the validity has been questioned because of its 

broad estimates [86, 97, 99]. The questionnaire has been regarded appropriate for use in 

longitudinal studies, as well as in cross-sectional studies when rough estimates will be 

adequate [86, 97]. In this study, treated as a covariate we concluded the validity to be 

sufficient.  

The late introduction of PDS resulted in considerable missing values, 23% in boys 

compared to 3% in girls. Questions on puberty may be a delicate subject and therefore 

inaccurate or not answered at all. However, it is most likely that such sensitiveness was 
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evenly distributed between the sexes. The proportion of unanswered puberty data in girls 

was in line with other lifestyle variables (2%), consequently we concluded with randomly 

missing puberty data in boys. This assumption was supported by sensitivity analyses 

discussed in paper I. Subsequently we performed the multivariate analyses including 

multiple imputations of missing values. It is likely that these pooled estimates explained 

the variability in the study population closer to the truth. Taken together, the potential 

errors related to puberty on the DXA measures must be considered controlled for, leaving 

us with robust estimates.  

 

5.3.2.3 Validity of physical activity assessments 

The physical activity data was collected by questionnaires, which implies some 

disadvantages. Misinterpretation of categories and memory problems may lead to 

misclassification. The Gothenburg Instrument used in previous Tromsø Studies correlates 

weakly but consistently with cardiorespiratory fitness of healthy adults in a Norwegian 

population [100]. Physical activity like running, jumping and ball games are related to 

aerobic capacity. As such activities also insert mechanical loading and muscle forces on 

the skeleton, we assume a similar relationship between the physical activity questionnaire 

and bone mass.  

Over-reporting of physical performance is a matter of concern. However, the Gothenburg 

instrument showed a good relative ranking between participants in the Tromsø Study 

[101]. A comparison of this questionnaire and objectively measured physical activity 

levels by accelerometer were significantly correlated both for women and men [101]. The 

study concluded that despite a tendency of over-reporting by questionnaires, the adults 

estimated their physical activity levels in concordance with objectively measured levels. 

This questionnaire has yet not been validated for our age group. Social pressure may lead 

to over-reporting of physical activity among adolescent, too. However, such over-report 

will probably underestimate the observed association between physical activity and BMD 

levels.  

The sedentary behaviour addressed as hours spent on television and computer use, must 

be considered as rough estimates (paper 2). This questionnaire did not elaborate 

sedentary activity in a broad matter. It did not distinguish between use of different 
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screen-modalities and no information about other sedentary activities was obtained. 

Social pressure may be an issue when it comes to screen time, under- as well as over-

reporting is likely in this age group. Such misclassification in both directions may have 

resulted in an attenuation of the results. However, the consistency with previous findings 

in boys and persisting results over time indicates that the construct “screen time” 

captured a plausible association. 

 

5.3.2.4 Validity of covariate assessments 

The research technicians performed the data collection of height and weight, and the 

equipment was regularly calibrated. For these variables and BMI-values derived from 

these, measurement errors were of minor concern. According to vitamin D-levels, the 

blood-samples were analysed at a laboratory participating in the DEQAS quality 

programme, reporting a low CV [59]. Recall bias may have influenced all the self-

reported data collection. For nutritional information, diseases, medication and 

contraceptives, this is most likely non-differential errors attenuating the results. However, 

it is well known that adult study participants tend to under-report smoking habits [102]. 

Likewise, such under-report may be an issue in adolescent too, also when it comes to 

alcohol consumption. In addition, these questionnaires were not validated for our age 

group. However, the results are in line with previous studies [41, 66], but must be 

interpreted carefully.  

 

5.3.3 Confounding and interaction  

To be considered a confounder, an extraneous factor needs to be associated with the 

exposure variable in question as well as the outcome, the BMD-levels. The confounding 

factor has to be causally related to the outcome, whereas the relationship to the 

independent variable may be of causal or non-causal nature. The confounded association 

is a real, but potentially misleading association [94]. If the influence of the confounder is 

unequally distributed between compared groups, it leads to invalid conclusions, unless it 

is planned for by randomization or matching, or handled in the statistical analyses [94]. In 

a cross-sectional study matching is not an option, so we used stratifications and 

adjustments strategies to reduce the influence of confounding factors. Identification of 
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potential confounding factors is based on knowledge in the field. Sex is regarded as a 

common confounder, and separate analyses were performed for girls and boys. Age and 

ethnicity likewise, however stratification may cause small subgroups, resulting in 

insufficient power to detect associations [90]. Thus, adjustments for age, BMI, height, 

sexual maturity, physical activity, alcohol consumption and smoking habits were 

included in all analyses, as these variables were considered to be the most important 

confounders. In paper III we stratified the analyses for fat mass and lean mass tertiles, not 

only to reduce the confounding effect but also to eliminate the observed interaction 

between the two variables. Interaction describes a situation in which two or more risk 

factors modify the effect of each other with regard to the occurrence or level of a given 

outcome [94]. However, unmeasured factors may have caused residual confounding. As 

discussed in paper II, other lifestyle variables or non-screen-based sedentary behaviour 

associated with screen time weekends and causal related to BMD, may have confounded 

the results.   

 

In conclusion, a valid study or an “unbiased study” will on average, due to its design, 

methods and procedures, produce results that are close to the truth [94]. Based on the 

thorough planning, the high attendance rate, the appropriate measurements, 

questionnaires and analyses, we regard this study to be valid.  

 

5.4 Generalizability - external validity of the results 

Internal validity is a prerequisite for external validity, which “is present when the results 

of a study are true and meaningful for a larger population and not only for the study 

participants” [92].  Whether the results from this study are generalizable to other youth 

groups depend on the spectrum of individual characteristics in the study sample. If the 

distribution of characteristics is similar, the generalizability increases, which are also the 

case in studies with no self-selection or randomization, like the present study. The 

prevalence of overweight is higher among adolescents in the Northern parts of Norway 

compared to other parts of the country [103-105], and our youth group reported 

somewhat higher physical activity levels compared to 16-year-old participants in the 

Young-HUNT Study [106] (paper I). These important variables contribute to higher 
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levels of bone mass, consequently the reported BMD-levels may not be representative for 

all Norwegians in this age group. However, according to Rothman and Greenland 

scientific generalization in not simply a matter of statistical generalization. Abstractions 

from particular observations to universal statements are valid if the selection of study 

groups with its characteristics, distinguishes between competing scientific hypotheses in 

a proper way [91], as concluded by in the validity considerations.  

The Tromsø study´s cohort consists of whole birth cohorts and random samples, and is 

regarded fairly representative for Caucasians in a national context [107]. Such an 

assumption is probably true for the younger Fit Futures cohort too. Due to the 

concordance to other findings, we believe the results from this study to be valid for 

Norwegian adolescents, and to some extend for Caucasians similar in age, living in 

Western countries. 
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6. Discussion of results 

Through this study, we have learned that despite the heavy burden of fractures in elderly, 

Norwegian adolescents have similar or probably higher BMD-levels compared to age-

matched European peers. Modifiable lifestyle factors like physical activity and BMI 

contribute considerably to BMD-levels in this age group, although the results are 

influenced by pubertal development. The observed trend of lower lean mass at declining 

physical activity levels attribute an adverse influence on bone health, especially among 

boys. While girls who compensate lower lean mass levels by fat mass, is better off with 

regard to bone mass.  

 

6.1 Comparisons of BMD-values with international reference-values 

The mean BMD-levels for age were not adjusted for height or weight, neither was the 

Lunar-reference. Differences caused by anthropometric measures were impossible to 

reveal, and the BMD-difference between the two groups may have been over-estimated 

because of a possible taller and heavier Fit Futures population, as discussed in paper I. 

Nevertheless, the consistency in these findings indicates that there is no reason to believe 

that Norwegian adolescents of today have lower BMD-levels than other white European 

youths. If this was the case for today´s elderly in their adolescence, we can however not 

know.   

Until the mid-eighties measurements of height and weight was compulsory in all 

Norwegian schools, and the physical growth of schoolgirls in Oslo from 1918 to 1985 

have been described [108]. Increasing overweight and obesity among children is 

worrying, and in 2008 the NIPH started the “Child Growth Study in Norway”. 

Anthropometric measures in 8 years old children have been collected at approximately 

130 schools across the country every second year since [104].  
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Figure 4 Height and height development in urban Norwegian girls.  

 

By placing these results together, illustrated for urban girls in Figure 4, we see increasing 

height and weight during the 20th century and into the 21th, except during the 2nd World 

War. Increasing height and weight is closely related to nutritional state, and may have 

promoted higher BMD-levels among adolescents today, regarded as a cohort effect linked 

to better living conditions. The decreasing fracture rates observed in Norway [2, 16], 

supports such a conclusion. If the nutritional state in Norway and the Nordic countries 

were poorer than other parts of Europe during the last century, this may partly explain the 

high Nordic fracture rates among the elderly. It is possible that our findings announce 

that we will be observing future Norwegian cohorts with better bone strength and reduced 

fracture risk. 

 

6.2 The physical activity – BMD relationship 

In our cohort the physical activity levels were differently distributed between the sexes. 

The major part of the girls reported that they participated in recreational sports and 

moderate activities, whereas there was a polarized pattern among boys. Approximately 
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30% of the boys described their leisure time spent on sedentary activities and one of five 

participated in hard training and sports at a competitive level. We concluded in paper I 

that physical activity levels were higher in our cohort than in Young-HUNT. The eight 

FF1 schools included one school for athletes at a national level (Norges 

Toppidrettsgymnas) and some other schools offered education in dance and sports. It is 

likely that students at these “osteogenic” educations also reported higher levels of leisure 

time physical activity, and that their BMD-levels were attributed to an excess mechanical 

loading during the day. These observed effects are real, but may have over-estimated the 

observed BMD-increments at higher physical activity levels compared to the sedentary 

level. Objective measures of physical activity during the day would possibly shed light on 

this issue; however, the significance of higher physical activity levels for bone strength is 

in line with others [41, 64, 109, 110].  

 

A recent study of bone strength and total volumetric BMD obtained by HR-pQCT in elite 

alpine skiers compared to recreational active students concluded that the higher bone 

strength achieved by micro-architectural adaptions was not apparent through the BMD 

measurements [111]. If this result also applies for areal BMD at a population level, the 

observed BMD-levels ´ significance for bone strength increases. Nevertheless, even if the 

influence of physical activity has been over-estimated, there is no doubt that low physical 

performance must be regarded a relative disadvantage for bone mass.  

 

6.3 The body composition – BMD relationship 

In adults body weight and BMI has been regarded as important for bone mass, and 

according to our results, this applies for adolescent bone too. Although a study population 

heavier than the general adolescent population in Norway may have attributed to the 

observed high BMD levels, the strength in the associations and the concordance with 

other results are convincing [46]. A decomposition of body weight into LM and FM may 

be suitable for a better interpretation of these relationships. Longitudinal studies of 

structural bone strength support LM´s and FM´s influence on BMD observed in this 

study [112, 113]. The described gender variation of different LM/FM combinations and 

BMD has not previously been elaborated in a longitudinal perspective, although Kouda et 
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al. from a cross-sectional study reported similar associations between FM and BMD for 

adolescents in lower LM-groups [114].  

 

It is noteworthy that decreasing LM doubles the likelihood for lower BMD-levels, in 

boys compared to girls. That low physical performance in boys may be deleterious if they 

proceed that way, while girls to some extend will profit on increased FM related to 

sedentary behaviour, is a plausible inference. However, this is beyond the scope of the 

study´s cross-sectional design. Keeping the last century´s height and weight development 

in mind, combined with the decline in manual work because of mechanization and 

automation, the described decrease in fracture incidence, observed higher for women than 

men, may possibly be attributed to such a gender difference.  

 

6.4 Other lifestyle factors and BMD 

In paper I all available lifestyle factors´ relationship to BMD was explored. In girls and 

boys snuffing was not significant related to BMD (p< 0.10), neither was comorbidity or 

daily use of medication, and these factors were excluded from further analyses. Smoking 

was related to BMD in both sexes, whereas alcohol consumption only in boys. After 

multiple adjustments, the relationship between smoking and BMD attenuated in girls. In 

boys smoking was negative, whereas moderate alcohol consumption was positive 

associated with BMD levels, in concordance with previous studies [38, 66, 70]. 

 

The relationship of CHC use in girls was negative for total hip as describe by others [72, 

73] and positive at the femoral neck, although not statistical significant. Twenty-two of 

the girls reported use of contraceptives containing progestin-only methods, of these only 

10 reported injections or sub-dermal implants. In this study no consistent relationship of 

hormonal contraceptives and BMD levels were observed, despite injections of depot 

medroxyprogesterone acetate (DMPA), have been negatively related to BMD during such 

treatment [75, 115]. 

 

The cross-sectional design, providing only associations is the main limitation of this 

study. DXA-measures as a surrogate for bone strength are widely acknowledged, 
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however assessing bone strength in terms of micro-architectural adoptions, would have 

provided valuable insights. In addition, inclusion of socioeconomic adjustments, and 

particular issues as discussed in relation to each paper, would have strengthened the 

results.  
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7. Concluding remarks and further perspectives 

This cross-sectional study describes the association of common lifestyle factors on bone 

mass in an age group just before bone mass peaks. Physical activity and weight, 

illustrated by body composition in terms of lean mass and fat mass, seem to be the most 

prominent predictors. Nutritional state is a minor issue for bone mass for the vast 

majority of Norwegian youths. However, there might be vulnerable groups due to illness 

or a combination of several adverse lifestyle factors. Our results suggest that in boys, 

lifestyle factors explain more of the variance in BMD-levels, compared to girls.  

Relatively sedentary boys, with excess screen time or boys with lower lean mass levels, 

had lower BMD levels, whereas sedentary girls were protected by their higher habitual 

fat mass. In this respect and given the remarkable changes in lifestyle compared to the 

last generations, male future bone health is worrying.  

 

Weight, physical activity and tobacco use are modifiable. A follow-up study, with its 

stronger design provides an opportunity to confirm or set aside the associations observed 

in this cross-sectional study. In addition, objective measures of physical activity 

including frequency, intensity, type and duration should be included. Questions about the 

continuous effects of lower physical activity levels, the consequence of low adolescent 

BMI and LM in early adulthood, and if the longitudinal effects of snuffing are different 

from those of smoking, are relevant. Studies addressing the lifestyle variables´ persisting 

effect on bone mass from adolescence into early adulthood, just after the peak bone mass 

has been established, will generate new knowledge, as few longitudinal studies have 

examined this particular age span. Such information may contribute to knowledge-based 

preventive strategies of osteoporosis and fractures in a lifetime perspective. 
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egion

al 
kom

ité for m
edisin

sk og h
elsefaglig forskn

in
gsetikk, N

ord-N
orge. D

eltakere er forsikret 
gjen

n
om

 N
orsk Pasien

tskadeerstatn
in

gsordn
in

g.
	FR

IV
ILLIG

 D
ELTA

K
ELS

E	

D
et er frivillig å delta i stu

dien
. D

u
 kan

 n
år som

 h
elst og u

ten
 å oppgi n

oen
 gru

n
n

 trekke ditt 
sam

tykke til å delta i u
n

dersøkelsen
, og dette vil ikke få n

oen
 kon

sekven
ser for deg. D

er-
som

 du
 sen

ere øn
sker å trekke deg eller h

ar spørsm
ål til stu

dien
, kan

 du
 kon

takte Trom
sø-

u
n

dersøkelsen
, In

stitu
tt for sam

fu
n

n
sm

edisin
, U

n
iversitetet i Trom

sø, 9037 Trom
sø, telefon

 
77644816, e-post: trom

sou
s@

u
it.n

o.

R
ETT TIL IN

N
SY

N
 O

G
 S

LETTIN
G

 AV
 PR

Ø
V

ER
 O

G
 O

PPLYS
N

IN
G

ER
 O

M
 D

EG
 

H
vis du

 sier ja til å delta i stu
dien

, h
ar du

 rett til å få in
n

syn
 i hvilke opplysn

in
ger som

 er 
registrert om

 deg. D
u

 h
ar også rett til å få korrigert even

tu
elle feil i de opplysn

in
gen

e vi h
ar 

registrert. D
ersom

 du
 trekker deg fra stu

dien
, kan

 du
 kreve å få slettet in

n
sam

lede prøver og 
opplysn

in
ger, m

ed m
in

dre opplysn
in

gen
e allerede er in

n
gått i an

alyser eller bru
kt i viten

-
skapelige pu

blikasjon
er. 

 

V
IL D

U
 D

ELTA
?	

H
vis du

 er fylt 16 år, gir du
 selv ditt sam

tykke til å delta. D
u

 kan
 da sign

ere vedlagte 
skjem

a (hvitt ark) og ta det m
ed til u

n
dersøkelsen

. D
et er også m

u
lig å u

n
dertegn

e 
skjem

aet n
år du

 kom
m

er til Forskn
in

gsposten
.

H
vis du

 ikke er fylt 16 år, m
å du

 be din
e foreldre/foresatte om

 lov til å delta. D
a m

å 
både du

 og din
e foreldre/foresatte sign

ere vedlagte skjem
a (hvitt ark) som

 du
 tar 

m
ed deg til u

n
dersøkelsen

. 

A
N

S
VA

R
LIG

E FO
R

 G
JEN

N
O

M
FØ

R
IN

G
 AV

 FIT FU
TU

R
ES

 
U

N
D

ER
S

Ø
K

ELS
EN

Fit fu
tu

res ledes av en
 styrin

gsgru
ppe, og følgen

de forskere er an
svarlige for 

gjen
n

om
førin

gen
:

A
n

n
e-Sofi

e Fu
rberg

prosjektleder, lege, U
n

iversitetssykeh
u

set N
ord-N

orge
e-post: an

n
e-sofi

e.fu
rberg@

u
n

n
.n

o, telefon
 77 75 58 24

C
h

ristoph
er Sivert N

ielsen
psykolog, N

asjon
alt folkeh

elsein
stitu

tt
e-post: C

h
ristoph

er.Sivert.N
ielsen

@
fh

i.n
o, telefon

 21 07 82 77

G
u

ri G
rim

n
es

lege, U
n

iversitetssykeh
u

set N
ord-N

orge og U
n

iversitetet i Trom
sø

e-post: gu
ri.grim

n
es@

u
n

n
.n

o, telefon
 77 66 94 83

S
PØ

R
S

M
Å

L?	

D
ersom

 du
/dere h

ar spørsm
ål om

 u
n

dersøkelsen
, kon

takt Forskn
in

gsposten
 

U
N

N
 på telefon

 77 62 69 09 eller prosjektadm
in

istrator for Fit fu
tu

res på telefon
 

930 03 925.

w
w

w
.fitfutures.no



A
K

TIV
ITET

T
E

K
N

O
LO

G
I

R
Ø

Y
K

O
G

 S
N

U
S

S
M

ER
TE

M
A

N
D

A
G

       TIR
S

D
A

G
       O

N
S

D
A

G
       TO

R
S

D
A

G
       FR

ED
A

G
       LØ

R
D

A
G

       S
Ø

N
D

A
G

M
ILJØ

G
IFTER

H
VA

 ER
 FIT FU

TU
R

ES
?	

Fit fu
tu

res er et forskn
in

gsprosjekt der vi u
n

dersøker u
n

gdom
m

ers fysiske h
else og livsstil. 

 H
V

O
R

FO
R

 ER
 D

ETTE V
IK

TIG
?	

Voksn
es h

else u
n

dersøkes i m
an

ge stu
dier, m

en
 m

an
 h

ar m
in

dre ku
n

n
skap om

 h
else blan

t 
u

n
gdom

. Selv om
 få u

n
gdom

m
er h

ar alvorlige sykdom
m

er, legges m
ye av gru

n
n

laget for 
frem

tidig h
else i u

n
gdom

såren
e. D

en
n

e u
n

dersøkelsen
 kan

 bidra til at vi får økt ku
n

n
skap 

om
 hvordan

 m
an

 kan
 forebygge sykdom

 og om
 hvordan

 diagn
oser kan

 stilles på et tidligere 
tidspu

n
kt.

H
VA

 FO
R

S
K

ES
 D

ET PÅ
?	

H
ovedom

råden
e det forskes på er:

·	
Eksem

 og kviser
·	

In
feksjon

er
·	

Fysisk aktivitet og overvekt
·	

D
-vitam

in
 

·	
Jern

m
an

gel
·	

G
en

m
odifi

sert m
at

·	
M

iljøgifter

In
form

asjon
en

 fra u
n

dersøkelsen
 vil også bli bru

kt til forskn
in

g om
 de store folkeh

elseproble-
m

en
e gen

erelt, slik som
 h

jerte-karsykdom
m

er, lu
n

gesykdom
m

er, kreft, n
edsatt fru

ktbarh
et  

og sm
erte. D

et vil også bli forsket på arbeidsførh
et i skole og yrke i forh

old til sykdom
, h

else 
og livsstil. En

 del av prosjekten
e vil stu

dere sam
spillet m

ellom
 arv, m

iljø og sykdom
 og h

else; 
til slike prosjekter vil det bli h

en
tet u

t gen
etisk arvestoff fra blodprøven

e. I fram
tiden

 kan
 data 

bli bru
kt i forskn

in
gsprosjekter som

 i dag ikke er plan
lagt. For alle slike nye prosjekter kreves 

det at prosjektet er godkjen
t av R

egion
al kom

ité for m
edisin

sk og h
elsefaglig forskn

in
gsetikk. 

En
 oversikt over godkjen

te prosjekter fi
n

n
er du

 h
er (w

w
w

.trom
sou

n
dersokelsen

.n
o). N

ett- 
siden

 h
oldes løpen

de oppdatert. H
er kan

 du
 også lese om

 våre forskn
in

gsresu
ltater.

H
V

EM
 K

A
N

 D
ELTA

?	

A
lle u

n
gdom

m
er på VG

1 blir invitert til å delta. H
vis du

 er 16 år eller m
er, kan

 du
 selv bestem

-
m

e om
 du

 vil delta. Er du
 u

n
der 16 år, m

å du
 h

a sam
tykke fra din

e foreldre eller foresatte.

·	
Sm

erte
·	

B
ein

tetth
et

·	
D

iabetes
·	

Ø
resu

s
·	

M
edisin

bru
k

·	
Frafall fra skole

·	
Tan

n
h

else

S
LIK

 FO
R

EG
Å

R
 U

N
D

ER
S

Ø
K

ELS
EN

	

U
n

dersøkelsen
 gjen

n
om

føres i skoletiden
. Selve u

n
dersøkelsen

 tar 2-3 tim
er, og du

 m
å på-

regn
e å væ

re borte fra skolen
 en

 h
alv dag. Skolen

 an
ser dette som

 gyldig skolefravæ
r. D

u
 blir 

u
n

dersøkt på Forskn
in

gsposten
, U

n
iversitetssykeh

u
set N

ord-N
orge, av erfarn

e forskn
in

gs-
sykepleiere og tan

n
leger/tan

n
h

elsesekretæ
rer. U

n
dersøkelsen

 består av følgen
de deler:

·	
Spørreskjem

a der vi spør om
 livsstil, trivsel, sykdom

m
er og h

elseplager gjen
n

om
 livet, og  

	
fam

ilieforh
old.

·	
Intervju der vi spør om

 hvilke m
edisin

er du
 bru

ker, om
 du

 h
ar n

oen
 sykdom

 i dag og litt 	
	

om
 sosialt n

ettverk. Kvin
n

er spørres også om
 m

en
stru

asjon
 og graviditet.

·	
G

enerell helseundersøkelse der vi m
åler h

øyde, vekt, livvidde og h
oftevidde, blodtrykk og  

	
pu

ls, sam
t tar blodprøve, en

 h
årprøve fra n

akken
, og en

 bakterieprøve fra n
esebor og h

als 	
	

m
ed en

 fu
ktet vattpin

n
e. 

·	
M

ålin
g av sm

ertefølsom
het der vi m

åler følsom
h

et for trykk, ku
lde og varm

e. Sm
erten

  
	

kom
m

er gradvis, og du
 kan

 selv avbryte n
år som

 h
elst. 

·	
Kroppsscan (D

EXA
) der vi m

åler bein
tetth

et og forh
oldet m

ellom
 fett- og m

u
skelvev. 

	
D

ette skjer ved at du
 ligger rolig i ca. 10 m

in
u

tter m
en

s kroppen
 scan

n
es. 

·	
Tannundersøkelse som

 blir din
 årlige un

dersøkelse ved den
 offen

tlige tan
n

h
elsetjen

esten
 og 

	
om

fatter klin
isk un

dersøkelse, tan
n

røn
tgen

, klin
iske foto og avtrykk for studiem

odeller.

Etter un
dersøkelsen

 vil du få utlevert en
 liten

 aktivitetsm
åler som

 er festet i et sm
alt strikkbelte 

til å h
a un

der klæ
rn

e. D
en

n
e m

åler hvor m
ye du beveger deg i løpet av dagen

. A
pparatet leve-

res på skolen
 etter en

 ukes bruk. D
a vil det sam

tidig tas ny bakterieprøve fra n
esebor og h

als. 

N
oen

 deltakere vil bli forespu
rt om

 å u
n

dersøkes en
 gan

g til. D
et vil da væ

re aktu
elt å gjen

ta 
n

oen
 av u

n
dersøkelsen

e og gjøre en
kelte u

tvidede u
n

dersøkelser. 

H
VA

 S
K

JER
 M

ED
 D

E B
IO

LO
G

IS
K

E PR
Ø

V
EN

E?	

M
ed blodprøven

 gjøres an
alyser av bl.a. h

orm
on

n
ivåer, fettstoffer, blodsu

kker, vitam
in

er, 
m

iljøgifter og m
arkører på beten

n
else og sykdom

m
er. D

et blir også h
en

tet u
t arvestoff (D

N
A

 
og R

N
A

) for gen
etiske an

alyser. B
akterieprøven

e bru
kes til å m

åle forekom
st av gu

le stafy-
lokokker. H

årprøven
 an

alyseres for å se på n
ivå av kvikksølv. Prøven

e lagres i Forskn
in

gs-
bioban

ken
 for Trom

søu
n

dersøkelsen
 ved U

n
iversitetet i Trom

sø. H
vis du

 sier ja til å delta, 
gir du

 også sam
tykke til at de biologiske prøven

e og an
alyseresu

ltaten
e in

n
går i bioban

ken
.

IN
FO

R
M

A
S

JO
N

 FR
A

 A
N

D
R

E K
ILD

ER
 O

G
 B

R
U

K
 AV

 D
ATA

 I FR
A

M
TID

EN

O
pplysn

in
ger og prøver som

 du
 gir, blir oppbevart på u

bestem
t tid til bru

k i forskn
in

g om
-

krin
g h

else og sykdom
 som

 om
talt i den

n
e brosjyren

. D
et kan

 også h
en

de at vi tar kon
-

takt m
ed deg igjen

 for å spørre om
 du

 vil væ
re m

ed på en
 ny u

n
dersøkelse. For spesielle 

forskn
in

gsprosjekter kan
 det væ

re aktu
elt å sam

m
en

stille in
form

asjon
 fra Fit fu

tu
res m

ed 
n

asjon
ale h

elseregistre som
 R

eseptregisteret, M
edisin

sk fødselsregistrer, K
reftregisteret, 

N
orsk pasien

tregister, D
ødsårsaksregisteret og an

dre n
asjon

ale registre over sykdom
m

er 
som

 det forskes på i Trom
søu

n
dersøkelsen

. I tillegg kan
 det væ

re aktu
elt å in

n
h

en
te h

else-
opplysn

in
ger fra spesialist- og prim

æ
rh

elsetjen
esten

, for eksem
pel in

form
asjon

 om
 bein

-
bru

dd og h
øyde- og vektdata fra h

elsestasjon
, til bru

k i forskn
in

g på sykdom
m

er og h
else-

problem
er som

 det forskes på i Trom
søu

n
dersøkelsen

. D
et kan

 også bli in
n

eh
en

tet data fra 
registre i Statistisk sen

tralbyrå slik som
 m

iljø, befolkn
in

g, u
tdan

n
in

g, in
n

tekt, offen
tlige 

ytelser, arbeidsdeltakelse og an
dre forh

old som
 kan

 h
a betydn

in
g for h

elsa. For å u
n

dersøke 
om

 sykdom
m

er går i arv, kan
 opplysn

in
ger om

 deg sam
m

en
stilles m

ed opplysn
in

ger om
 

din
e slektn

in
ger, dersom

 disse h
ar deltatt i deler av Trom

søu
n

dersøkelsen
. D

ette blir gjort 
ved å in

n
h

en
te opplysin

ger om
 slektskap fra Fam

ilieregisteret. Fra skolen
 vil vi in

n
h

en
te 

din
e opplysn

in
ger om

 stu
dieprogram

, klasse, kjøn
n

, an
tall fravæ

rsdager, om
 du

 fu
llfører 

skoleåret og om
 karakterer i fagen

e n
orsk, m

atem
atikk og en

gelsk.
 Sam

m
en

stillin
ger av in

form
asjon

 krever n
oen

 gan
ger nytt sam

tykke og/eller an
n

en
 type 

godkjen
n

in
g slik som

 dispen
sasjon

 fra tau
sh

etsplikten
 eller godkjen

n
in

g av offen
tlige in

-
stan

ser, for eksem
pel R

egion
al kom

ité for m
edisin

sk og h
elsefaglig forskn

in
gsetikk, D

ata-
tilsyn

et eller N
A

V. 

M
U

LIG
E U

LEM
PER

 O
G

 FO
R

D
ELER

	

D
eltakelse in

n
ebæ

rer at du
 m

å bru
ke n

oe tid. D
eler av u

n
dersøkelsen

 kan
 også in

n
ebæ

re 
u

beh
ag. D

ette gjelder sæ
rlig blodprøven

. D
ersom

 du
 vet at du

 h
ar problem

er m
ed å ta blod-

prøve, kan
 du

 kon
takte Forskn

in
gsposten

 på telefon
 77 62 69 09 eller sn

akke m
ed sykepleier 

n
år du

 kom
m

er til u
n

dersøkelsen
 for å fi

n
n

e en
 løsn

in
g på dette.

D
ersom

 resu
ltatet av prøven

e din
e viser at det er n

ødven
dig m

ed oppfølgin
g av tan

n
lege, 

lege eller h
envisn

in
g til spesialist, vil du

 bli orien
tert om

 det. Ved beh
ov for h

envisn
in

g til 
spesialist, vil vi sørge for h

envisn
in

g og tilbu
d om

 oppfølgin
g ved sykeh

u
set. 

D
eltakere får et gavekort til en

 verdi av kr. 200 ved oppm
øte som

 kan
 bru

kes i de fl
este bu

tik-
ker i Trom

sø. 
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Interview guide Fit Futures 1 
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Appendix D 

 
Web link to questionnaires Fit Futures 1, 2010/2011  
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Fit	
  Futures	
  1,	
  2010/2011	
  
Questionnaires:	
  
	
  
https://web.questback.com/isa/qbv.dll/ShowQuest?Preview=True&Q
uestID=4130270&sid=OQgdIDT3Li&print=1	
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