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I.INTRODUCTION

Puberty is one of the most dynamic periods of growth and development, and is
characterized by rapid changes in body morphology and composition, all of
which are sexually dimorphic. Puberty begins by a growth spurt characterized
by an important increase in body fat tissue. The pubertal growth spurt and the
appearance of secondary sex characteristics are the most visible manifestations
of puberty (Abbassi 1998). Timing of puberty differs according to gender by a
skeletal or biological age of approximately 11 years in girls and 13 years in
boys (Abbassi 1998). Puberty is a complex physiologic event in human growth
and biologic maturation characterized by landmarks such as changes in hormo-
nal levels and body composition, growth spurt and the appearance of secondary
sex characteristics. Body proportions define gender differences in body compo-
sition. It is important to understand in more complex way the influence of
potential environmental and genetic factors on growth and maturation during
pubertal period as they both have strong influence on health in future life.
Accordingly, the time period between 11 to 13 years of age appears to be im-
portant in terms of overall health, and further development and biological
maturation of children.

Pubertal years are also an important period for linear growth and bone
mineral accrual. Bone mineralization increases with age, height, and body mass
throughout childhood, with a most significant gain during pubertal develop-
ment. Early puberty is also a period of increased bone adaptation to mechanical
loading due to the velocity of bone growth and endocrine changes at this time
(Hind and Burrows 2007). In contrast, this is also a period when physical
activity in children seems to decrease significantly, which may cause marked
changes in body composition that mostly are related to increases in body fat
amount. However, this decrease in physical activity, especially decreases in
vigorous physical activity may also have an impact on further bone minerali-
zation.

Physical activity, according to World Health Organization (WHO), is
defined as any bodily movement produced by skeletal muscles that require
energy expenditure. By WHO regular moderate intensity refers to physical
activity such as walking, cycling, or participating in different sports. Physical
activity benefits for health are possibly through the improvement of bone and
functional health; to reduce risk of serious diseases such as cardiovascular
disease, diabetes, obesity, etc. The influence of increased sedentary time might
also have negative impact on bone mineral accrual, since it partly eliminates the
loading effect of the body. As there are differences in timing of puberty, in the
rate of the changes in body composition and differences in physical activity, it
would be advantageous to focus the investigation to subjects from one sex only.
To date, there are few data on specific bone mineral accrual in pubertal boys
with different body composition values and the results in the literature con-
cerning the exact influence are equivocal. Furthermore, to our best of know-
ledge, there have been no longitudinal data investigating the influence of



changes in physical activity on further bone mineralization in these age group
boys. Accordingly, the main aim of the present thesis was to investigate
possible associations between specific body composition and physical activity
values with bone mineral parameters, and the contribution of measured body
composition and physical activity values to the bone mineral accrual during
one-year investigation period in boys entering puberty.
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2. REVIEW OF THE LITERATURE

2.1. Bone development during growth and maturation

Bone is a metabolically active tissue with continuous remodeling occurring
across the lifespan. In healthy adolescent males and females, bone mass and
bone mineral density (BMD) at skeletal maturity are inversely related to the
timing of puberty (Gilsanz et al. 2011). Bone mineral density and bone mineral
content (BMC) measurements are widely used to characterize bone minerali-
zation in children during growth and maturation. Bone mineral density is the
result of the dynamic process of bone formation and bone resorption (Creighton
et al. 2001).

Bone mineralization is a complex, multifactorial process, which is in-
fluenced by genetic, hormonal and nutritional factors during the entire lifespan.
It is well known that puberty has a key role in bone development. Bone mine-
ralization increases with age, height and body mass throughout childhood
(Gordon et al. 1991), and maximal BMD accrual occurs in years surrounding
puberty (Ausili et al. 2012; Gordon et al. 1991). Early puberty is also a period
of increased bone adaptation to mechanical loading due to the velocity of bone
growth and endocrine changes at this time (Hind and Burrows 2007). The
dramatic accumulation of BMD during puberty is caused by changes in both
modeling and remodeling during this period of life (Ausili et al. 2012), how-
ever, peak BMD usually occurs later. Using the longitudinal and cross-sectional
data in range of 4 to 30 years, studies have concluded that peak BMD were
attained between 18 and 23 years in males (Boot et al. 2010).

Bone metabolism in children differs from that in adults, and reflects both
skeletal growth and remodeling. Bone remodeling refers to the process where
mature bone tissue is removed from the skeleton (also called resorption) and
new bone tissue is formed (also called formation). During skeletal growth, new
bone is formed at a site different from that of bone resorption (Csakvary et al.
2013). Puberty is characterized by a rapid growth of bone mass within a
relativity short period, since skeletal mass approximately doubles at the end of
adolescence (Saggese et al. 2002). In fact, maximum bone enhancement occurs
between 11 and 14 years, corresponding to pubertal stages 3—5 according to
Tanner classification (Bonjour et al. 1991; Theintz et al. 1992). Vigilant
assessment of the factors associated with the increase in bone mass during this
phase may be important for the prevention of osteoporosis in later life (Arabia
et al. 2004; Javaid and Cooper 2002,). Since physical exercise and the amount
of fat free mass (FFM) have been recommended to influence maximal increases
in bone tissue at some stage in puberty, the intensity and the amount of physical
activity (PA) appear to be the important predictors of peak bone mass (Daly et
al. 2004). Specifically, there is a growing evidence to suggest that osteoporosis
has some origins in childhood. Assuming that 60% of the risk of osteoporosis
can be explained by the amount of bone mass accrued in early adulthood,
maximizing peak bone mass might be an important goal for the prevention of
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osteoporosis (Rizzoli et al. 2010). Peak bone mineral mass, a major determinant
of the future risk of fractures in the elderly, is largely achieved by the end of
sexual and skeletal maturity (Gilsanz et al. 2011). The greatest accretion of
bone occurs during puberty, and low peak bone mineral mass may result from
clinical states associated with abnormal pubertal development (Gilsanz et al.
1998, 2011; Matkovic et al. 1994).

Bone mineralization increases significantly during pubertal development,
resulting in an increase of BMD of about 40% during this period (Gordon et al.
1991). The pubertal increases in BMD are comparable in girls and boys but are
significantly greater in black compared with white adolescents (Gilsanz et al.
1991, 1997, 1998; Han et al. 1996; Leonard 2007). However, the pubertal
growth spurt varies considerably in timing, tempo and duration among indivi-
duals (Malina et al. 2004). Bone mineral accrual during puberty is more depen-
dent on sexual maturation than on chronological age, and both androgens and
estrogens promote the deposition of bone mineral into bone tissue (Yilmaz et al.
2005). Estrogen levels make the greatest contribution to BMD accretion during
puberty in boys and girls, while testosterone level makes only a modest
contribution to the increase of BMD in boys (Yilmaz et al. 2005). The important
determinants of bone mineral accrual during puberty are also optimal nutritional
status (Misra et al. 2005), body composition parameters (Christo et al. 2008)
and PA pattern (Gruodyte et al. 2010). However, each of these determinants are
related to the state of energy balance, and peripheral indicators of energy
balance, such as different adipocytokines, may also have a positive influence on
the BMD of the growing skeleton (Garnett et al. 2004). The inadequate caloric
intake that is often associated with adolescent PA exposes to several health risks
including negative effects on the development of BMD (Gruodyte et al. 2010).

It appears that bone mineral accrual in adolescents is dependent on multiple
mechanical and biochemical factors, which may impact on bone modeling of
the growing bone (Gruodyte et al. 2010). Bone strength is regulated by mecha-
nical loads, especially by muscle forces. In children and adolescents, body
composition and BMC are highly related (Crabtree et al. 2004; Creighton et al.
2001; Schoenau et al. 2002). All these factors need to be considered when
assessing bone development during puberty. Because building up an adequate
bone mass and stimulate its growth during childhood is essential for preventing
osteoporosis, it is important to investigate bone mineral parameters during the
period of maximized growth.

The concept of growth, development and maturation is of particular impor-
tance in the context of children and adolescents who participate in sport and PA,
as exercise is one of key factors with the potential to influence growth and
maturation (Baxter-Jones 2008; Hills et al. 2007), as well as changes in health
and health-related fitness (Hills et al. 2007).

In conclusion, bone is a metabolically active tissue with continuous re-
modeling across the lifespan and time of puberty has a key role in bone
development. Bone mineral accrual during puberty is dependent on multiple
mechanical factors including different body composition and PA values.
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2.2. Influence of body composition to bone mineral
parameters in boys with different body weight status

There are two different types of bone in the human body. Lumbar spine is main-
ly composed of trabecular bone, whereas the whole body is composed at about
80% of cortical bone (Martin et al. 1988). It has been shown that trabecular and
cortical bone tissues do not have the same sensitivity to mechanical stress,
which could be the consequence of different metabolic activities on bone tissue
(Bakker et al. 2003). This can result in different bone site-specific effects of
body composition parameters. It is well established that during early puberty
human body adopts to mechanical loads due to the velocity of bone growth and
changes in endocrine system (Hind and Burrows 2007). Childhood obesity is an
increasing problem all around the world and in addition to overall health
problems, obesity might also have the influence on bone mineral accrual during
puberty. It may be expected that in general, being overweight is associated with
a protective effect on osteoporosis because of the increased BMD (Bakker et al.
2003; Rocher et al. 2008). Overweight children have not only higher FM, but
also higher FFM values (El Hage et al. 2009a; Goulding et al. 2000). In over-
weight boys, the skeleton must be stronger than in normal weight boys to
support their higher body mass during everyday activities (Rocher et al. 2008).
Similarly, it has been suggested that body mass might improve bone minerali-
zation in obese children by increasing the mechanical load of increased body
mass, especially in weight-bearing bones (El Hage et al. 2009a; Ellis et al.
2003; Rocher et al. 2008).

Studies that have investigated BMD and BMC values in obese children have
reported controversial results. It has been argued that obese children have either
lower (Goulding et al. 2000, 2002), equivalent (Hasanoglu et al. 2000) or higher
(Ellis et al. 2003) BMC compared to normal weight children. Accordingly,
there is a significant disagreement in the literature regarding the relative contri-
butions of fat and fat-free body components to bone mineral values in growing
children (EI Hage et al. 2009a). Although it has been demonstrated that the
effects of body mass on bone mineral parameters are the result of the applied
load to the skeleton, this effect is also comparable to the influence of current PA
level (Boot et al. 1997). Many studies have demonstrated a positive effect of
FM on bone mineral values (Clark et al. 2006; El Hage et al. 2009a; Ellis et al.
2003). Further, it has been demonstrated that if bone values were adjusted for
FM, no differences in bone mineral values were found between 9-12-year-old
obese and normal weight children (Rocher et al. 2008). Similar results were
recently found by Gracia-Marco et al. (2012), who demonstrated that adole-
scents with higher levels of adiposity have greater bone mass, yet this relation-
ship was fully explained by their higher FFM values, and the amount of FM and
PA level did not have any confounding role in these associations. In addition, it
has not been clarified whether this is the result of the additional loading by body
FM, FFM or their combination in pubertal children, as this is the crucial period
for bone growth. For example, obese children seemed to have higher bone
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mineral values compared to normal weight children (Ellis et al. 2003; Rocher et
al. 2008), but there are also studies showing that body fat may be a negative
determinant of BMD in children (Hrafnkelsson et al. 2010; Specker et al. 2001).
Therefore, the effect of body composition values on bone mineral parameters is
still under debate. Accordingly, increasing peak bone mass is an important
focus to the protection against fracture risk (Clark et al. 2006), and it is im-
portant to evaluate the relative importance of FM and FFM on bone growth in
children with different body mass values during pubertal development as the
body mass increases the mechanical load on the growing bones (Boot et al.
1997; Ho and Kung 2005).

In conclusion, different body composition values influence bone develop-
ment during growth and biological maturation. It appears that overweight
children have higher FM and FFM values and both of them can influence bone
health. It is important to evaluate the role of FM and FFM on bone minerali-
zation in boys with different body weight status entering into puberty.

2.3. Influence of physical activity to bone mineral
parameters in boys with different body weight status

Nowadays in general, children and adolescents spend less time participating in
sports or different PA, while they devote more time to activities such as
watching television and playing video games (Ruiz and Ortega 2009; Steel et al.
2009). This shift to more sedentary lifestyle is supposed to predispose to obesity
and may attenuate bone mass accrual, thus increasing the risk for a low BMC,
and perhaps leading to a low peak bone mass (Ho and Kung 2005; Vicente-
Rodriguez et al. 2008. Functional model of bone development indicates that
forces from muscle contractions are the main mechanical challenges to which
bones adapt (Farr et al. 2011). In contrast, the influence of mechanical loading
activity on bone is vitally important for skeletal strength and development
(Baptista et al. 2012; Welten et al. 1994). Several cohort studies have indicated
that physical training before and during puberty is associated with increased
bone acquisition in children and young adults (Bass et al. 1998; Lorentzon et al.
2005; Nilsson et al. 2009; Tobias et al. 2007). Mechanical loading factors such
as weight-bearing and muscle forces play an important role in bone mass acqui-
sition and maintenance in children (Baptista et al. 2012; Ho and Kung 2005).
Physical activity before and during puberty has been associated with an altered
cortical bone geometry, especially attributed to periosteal augmentation (Bass et
al. 2002; Lorentzon et al. 2005; Specker et al. 2004). However, it has, not been
established for how long this cortical bone geometry alteration after physical
activity will remain when the level of physical activity is decreased (Nilsson et
al. 2009).

Although adaptive responses of bone are affected by the amplitude, fre-
quency, distribution, and duration of the bone loading history, it is commonly
believed that maximum strains during vigorous PA have the greatest influence
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on bone development (Ehrlich and Lanyon 2002). Mechanical strain is an
important determinant of skeletal growth and modeling, and therefore, PA has
also been considered as the key factor affecting the achievement of optimum
peak bone mass that may reduce later fracture risk (Baxter-Jones et al. 2008;
Sardinha et al. 2008). Bone seems to adapt to the level of exercise intensity
required depending on the mechanical stress generated by exercise. Therefore,
the main influence of physical exercise on bones depends on the type, intensity,
and duration of the stimulus (Vicente-Rodriguez et al. 2008). However, it can
be argued that hands and legs respond differently to mechanical loading as for
legs apply both forces mechanical strain and gravity, but for hands only gravity,
although it has also been shown that for specific exercises (ie tennis) there is an
increase also in bone minerals in dominant arm (Sanchis-Moysi et al., 2010).

Everyday PA is a multidimensional and complex behavior that is difficult to
assess (Heaney et al. 2000). To date, many researchers have used questionnaires
and interviews to assess PA level (Corder et al. 2007; Ott 1991; Sardinha et al.
2008). The use of questionnaires to assess PA could be imprecise in children,
causing in some cases under- or overreporting, whereas accelerometers provide
more valid and objective information on the frequency, intensity, and duration
of PA (Heaney et al. 2000; Jones et al. 2010; McCarthy et al. 2006). Results
from PA interventions in children aimed at increasing bone mass were effective
in increasing BMC and bone strength in the range of 1 to 8% (Hind and Bur-
rows 2007). Longitudinal data show that physically active children maintained
their higher bone mass compared to less active peers into early adulthood, even
independently of their actual PA level (Baxter-Jones et al. 2008; Kemper 2000),
indicating clearly the importance of PA on bone health. However, it remains
unclear, whether the effects of a more general PA intervention not exclusively
targeting bone health would also be maintained over a prolonged period (Meyer
et al. 2013).

One common strategy to increase peak bone mass is through regular, weight-
bearing exercise (Rutherford 1999). Although the most suitable sporting
activities remain unknown, participation in weight-bearing physical exercises
generating high ground reaction forces, mainly if they include jumps, sprints,
and rapid changes of directions, seem to have the most evident osteogenic effect
on bone development during growth (Vicente-Rodriguez 2006, 2008). Weight-
bearing exercises can include aerobics, circuit training, jogging, jumping,
volleyball and other sports that generate impact to the skeleton. There is an evi-
dence to suggest that the years of childhood and adolescence represent an
opportune period during which bone adapts particularly efficiently to such
loading (Bass et al. 2002; Hind and Burrows 2007).

Accordingly, lots of studies have been investigating the role of PA to BMD
and BMC development, and have found positive influence on bone minerali-
zation in pre- and early pubertal children (Baxter-Jones et al. 2008; Hind and
Burrows 2007; Sardinha et al. 2008; Tobias et al. 2007). For example, exercise
during growth seems to increase the peak BMD by between 10% and 20% in
the loading bones of active adolescents compared with sedentary controls (Bass
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et al. 1998). This effect could be even greater if exercise starts during the years
preceding puberty. The proportion of BMC attained between ages 11 to 13
years in girls and 12 to 14 years in boys is around 25% of the adult BMC
(Bailey et al. 2000). It is also likely that exercise during this period acts in a
synergic way, with the growth-related bone development leading to a higher
bone mass at the end of the pubertal period (Bailey et al. 2000; Vicente-
Rodriguez et al. 2008). Therefore, the results are in agreement with those
reported by Haapasalo et al. (1998), who found that the beneficial effect of PA
during the growth spurt or biological maturation at Tanner stages 3—4. In a large
part, this benefit can be explained by the specific characteristics of the sport
itself (Nebigh et al. 2009). However, most studies so far have used hetero-
geneous groups of subjects with relatively broad range of body composition
values that might have confounding effects regarding the influence of PA levels
(Baxter-Jones et al. 2008; Ginty et al. 2005; Steel et al. 2009;), or have focusing
on investigating the differences between boys and girls (Ausili et al. 2012;
Baptista et al. 2012; Baxter-Jones et al. 2008; Steel et al. 2009; Tobias et al.
2007) in regards of PA association to bone mineral parameters. There is less
data available concerning the influence of objectively measured PA levels to
bone mineral parameters in peripubertal boys with different weight status.

Several studies have described and longitudinally confirmed the association
between PA and bone mass acquisition in children and adolescents (Baptista et
al. 2012; Farr et al. 2011; Gracia-Marco et al. 2012; Marshall et al. 1970; Sar-
dinha et al. 2008; Sayers et al. 2011). In their review, Hind and Burrows (2007)
reported positive effects of weight-bearing exercise intervention trials on bone
mineral accrual in children and adolescents. In addition, high-volume and high-
impact loading training such as gymnastics also promotes bone mineral
acquisition (Courtiex et al. 1999). This together clearly suggests that there is a
role of PA on bone mass acquisition during growth and biological maturation.
However, the amount and intensity of PA needed to influence bone develop-
ment in childhood is still unclear (Sardinha et al. 2008, Sayers et al. 2011).

Studies evaluating the relationship of objectively measured PA by accelero-
meter and bone mass are limited and mainly cross-sectional in children and
adolescents (Ausili et al. 2012; Ginty et al. 2005; Heaney et al. 2000; Jones et
al. 2010; McCarthy et al. 2006). For example, a positive association between
cortical bone mass and the time spent (min/day) in vigorous PA was found,
whereas light or moderate PA had no detectable association with bone mineral
parameters in 15.5-year-old boys (Ausili et al. 2012). Another investigation
concluded that vigorous PA for at least 25 min seems to improve femoral neck
bone health in 9.7-year-old boys and girls (Heaney et al. 2000). In contrast,
whole body bone mineral content (BMC) values were not different in 14.8-year-
old adolescents participating less than 30 min/day with those participating 90
min/day or more in moderate and vigorous PA (Jones et al. 2010). There is a
need for longitudinal studies to further clarify the role of different PA levels
measured by accelerometers in the development of bone mass during the
beginning of puberty.
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To the best of our knowledge, no studies have been performed to observe
longitudinal associations between objectively estimated different amounts and
intensity categories of PA with bone mass acquisition over a one-year obser-
vation period in peripubertal boys. Furthermore, nothing is known about the
longitudinal influence of sedentary behavior on bone mass acquisition. It is not
entirely clear whether the sensitivity of bone mass accrual to PA may vary
during further growth and biological maturation.

In conclusion, during puberty bone mass significantly increases and the rate
of increase reaches its peak. During this period PA plays important role in bone
development. Effects of exercise on bones depend on the type of PA, intensity,
and duration of the PA stimulus. However, it is not fully clear, which type and
duration the PA must be in order to have positive impact for bone development
during the puberty. Therefore, the current investigation focuses on examination
of PA exposure to bone mass accrual during a longer observation period.
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3. AIM AND PURPOSES OF THE STUDY

The general aim of the present study was to evaluate bone mineral parameters in
normal and overweight boys aged 11-13 years in associations with body
composition and physical activity.

According to the general aim, the specific aims of the present investigation
were to:

1) investigate different bone mineral density values between overweight and
normal weight boys (Study I);

2) investigate the relationships of different body composition parameters on
whole body and areal bone mineral density values in overweight and
normal weight boys (Study 1);

3) investigate the relationships of different physical activity levels on whole
body and areal bone mineral density values in overweight and normal
weight boys (Study II);

4) investigate the physical activity changes to whole body and areal bone
mineral accrual during one year period in 11-13-year-old boys (Study III).

18



4. MATERIALS AND METHODS

4.1. Participants and study design

In total, 264 boys aged between 11 to 13 years from different schools in Tartu
participated in the first year cross-sectional study (Studies 1 and II). The
participants were divided into normal weight (body fat% <20.7-22.8) and
overweight (body fat% >21.3-22.8) groups according to the age adjusted
cutoffs described by McCarthy et al. (2006). Participants in the present study
performed the same tests with one-year interval, and those tests included
anthropometry, sexual maturation and bone age assessment, bone mineral and
body composition, and physical activity measurements. Only those subjects
were entered into one-year longitudinal analysis (Study III), who had all the
measurement data from the second tests (Figure 1). The study protocol was
reviewed and approved by the Human Ethical Committee of the University of
Tartu, Estonia. All the subjects and their parents received a full written
description of the nature of the study and signed written informed consent was
obtained before entering the study. The subjects of the present study were part
of a larger longitudinal study where boys were followed until pubertal maturity.

Study I, IT Study IIT
Cross-sectional study, Longitudinal study
264 11-13-year-old boys 169 11-13-year-old-boys
Anthropomerty » | Anthropomerty
Body composition Body composition
BMD/BMC BMD/BMC
Physical activity levels Physical activity levels
Tanner stage Tanner stage
Biological age Biological age

Figure 1. Tracking of the study population (11-13-year-old boys from different schools
in Tartu).

4.2. Anthropometry and sexual maturation

Body height was measured to the nearest 0.1 cm using Martin's metal anthropo-
meter. Body mass was measured to the nearest 0.05 kg using medical scales
(A&D Instruments Ltd; Abingdon; UK). The boys were dressed in light
clothing and were wearing no shoes. Pubertal development of the participants
was assessed according to the self-assessment using an illustrated questionnaire
of pubertal stages according Tanner classification method (Tanner 1962). The
pubertal development assessment according to Tanner method, which uses the
self-assessment of genitalia and pubic hair stages, has been previously validated
(Duke et al. 1980; Saito 1984). The boys were given photographs, figures, and
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descriptions, and asked to choose the one that most accurately reflected their
appearance. In case of discrepancies between the two variables, a greater
emphasis for the determination of the Tanner stage was placed on the degree of
genitalia development (Duke et al. 1980). The self-assessment of pubertal
development in boys has previously been assessed in our laboratory (Létt et al.
2009; Pomerants et al. 2006). In addition, bone age was assessed with an X-ray
of the left hand and wrist, and determined according to the method of Greulich
and Pyle (1959).

4.3. Bone mineral and body composition assessment

Bone mineral density (g/cm?) of the whole body (WB), lumbar spine (L2-L4)
(LS), femoral neck (FN), and the WB BMC (g) were measured by dual-energy
X-ray absorptiometry (DXA) using the DPX-IQ densitometer (Lunar Corpo-
ration, Madison, WI, USA) equipped with proprietary software, version 3.6.
Bone mineral apparent density (BMAD) (g/cm’), an estimate of volumetric
bone mineral density, was calculated as previously described (Katzman et al.
1991). For WB, the formula WB BMAD = WB BMC/(WB bone area’/ height)
was used. For LS, the formula LS BMAD = LS BMC/ LS bone area, and for
EN, the formula FN BMAD = FN BMC/ FN bone area’ were used (Katzman et
al. 1991). The expression of WB BMC/height was calculated to adjust for WB
bone size (Bachrach et al. 1999). Whole body fat%, FM, FFM, trunk fat and leg
fat were also measured via DXA device. Participants were scanned in light
clothing while lying flat on the back, with arms at the sides. The medium scan
mode and standard subject positioning were used for total body measurements,
and analyzed using the extended analysis option. DXA measurements and
results were evaluated by the same examiner. Coefficients of variations for bone
mineral and body composition measurements were less than 2% in our
laboratory.

4.4. Body composition indices

Body mass index (BMI) (kg/m”) was calculated as body mass (kg) divided by
height squared (m?) and was used as an indicator of obesity (Haslam and James
2005). However, the significance of the BMI is not clear as body mass is
composed of two distinct components (i.e., FFM and FM). Therefore, FFM
index (FFMI) (kg/m”) and FM index (FMI) (kg/m®) were also calculated (Gaba
et al. 2012; van Itallie et al. 1990). These indices should better reflect obesity
(Kelly et al. 2009). In addition, trunk fat:leg fat ratio was calculated as an
indicator of body fat distribution (Jiirimée et al. 2009).
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4.5. Physical activity measurement

Physical activity (PA) was measured with the Actigraph accelerometer (model
GTI1M ActiGraph, Monrovia, CA, USA). The accelerometer is small (3.8 x 3.7
x 1.8 cm) and light-weight (~27 g) uniaxial monitor instrument. This Actigraph
has been validated previously in children and adolescents under free-living
conditions against PA. The accelerometer is designed to detect and measure
vertical accelerations ranging from 0.05 to 2.00 G with frequency response of
0.25 — 2.50 Hz (Freedson et al. 2005; Sardinha et al. 2008). All subjects were
asked to wear the accelerometer on the right hip for seven consecutive days
during the wake up time. For the analyses of accelerometer data, all night
activity (24:00-6:00 hours), and all sequences of 10 min or more of consecutive
zero counts were excluded from each individual’s recording. Physical activity
was included for further analyses if the subject had accumulated a minimum of
eight hours of activity data per day for at least two weekdays and one weekend
day (Freedson et al. 2005; Létt et al. 2013). The accelerometer counts the
movements from vibrations of the body, and was programmed to record data in
one-minute epochs (Létt et al. 2013; Ruiz et al. 2006).

The total amount of PA (total PA) was expressed as total number of counts
divided by the registered time (counts/min) (Litt et al. 2013; Sardinha et al.
2008). The time spent in the moderate PA (3—6 METs) and in the vigorous PA
(>6 METs) was calculated based upon cut-offs of 2000, and 4000 counts per
minute (Latt et al. 2013; Martinez-Gomez et al. 2010). The time spent in at least
moderate-intensity PA (>3 METs) was calculated as the sum of time spent in
moderate and in vigorous PA (MVPA). Each minute over the specific cut-off
was summarized in the corresponding intensity level group (Latt et al. 2013;
Sardinha et al. 2008).

4.6. Statistical analysis

Data analysis was performed using SPSS 15.0 for Windows (Chicago, IL,
USA). Standard statistical methods were used to calculate means and standard
deviations (£SD). Evaluation of normality was performed with the Shapiro-
Wilks statistical method and variables that were not normally distributed were
log transformed. Statistical comparisons between groups were performed with
parametric unpaired t-tests. In addition, bone parameters between groups were
also compared after adjustment for body mass, FM and FFM using a one-way
analysis of covariance (ANCOVA) (El Hage et al. 2009a; Rocher et al. 2008).
Paired t-tests were performed to determine the changes in measured variables
over the 12-month study period. Relationships between body composition
variables and bone data were analyzed using partial correlation analysis after
controlling for age and pubertal status, or after controlling for body mass, bone
age and pubertal status (Latt et al. 2009; Pomerants et al. 2006). Partial correla-
tion analysis was also used to assess the relationships between changes in BMD
and BMC values during a 12-month study period with changes in PA variables
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after controlling for age, pubertal status and FFM. Backward linear regression
analysis was performed to determine the relationship between bone parameters
and PA. Bone parameters (WB BMD, WB BMC, FN BMD and LS BMD) were
inserted as dependent variables and PA levels were entered as independent
variables, adjustments were made for body mass, bone age and pubertal status.
Stepwise multiple linear regression analysis was used to determine most
significant parameters that contribute to changes in different bone parameters
with those changes in body composition and PA parameters that were signifi-
cantly correlated to changes in bone parameters were included together in
regression models. Baseline PA values, baseline body mass, baseline pubertal
status, and changes in age, pubertal status, and body mass were included as
covariates using the enter method. Statistical significance was set at P < 0.05.
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5. RESULTS

5.1. Body composition, bone mineral density and
physical activity characteristics in overweight and
normal weight boys

The descriptive characteristics in normal weight and overweight boys are pre-
sented in Table 1. Age and body height were not different between groups (P >
0.05). Bone age was significantly higher in overweight group (P < 0.05).
Similarly, overweight boys had significantly higher (P < 0.05) values for body
fat%, body mass, FM, trunk fat, leg fat, trunk fat/leg fat ratio, FFM, BMI, FMI
and FFMI compared to normal weight controls.

Table 1. Main physical and body composition characteristics in normal and overweight
boys (mean + SD).

Variable Normal (n=154) Overweight (n=110)
Age (yrs) 12.08 £ 0.77 11.96 £0.76
Bone age (yrs) 11.74+1.20 12.21 £ 1.08*
Body height (cm) 153.6 £ 8.7 155.6+7.6
Body mass (kg) 41.75+8.19 56.57 + 15.36*
Body fat % 16.0 £4.1 33.9+7.9*%
FM (kg) 6.27+2.15 19.02 £9.57*
Trunk fat (kg) 2.20+0.84 8.04 £4.57*
Leg fat (kg) 3.11£1.09 8.34 +4.12%
FFM (kg) 32.75+£6.24 34.51 £6.37*
TF/LF ratio 0.71+£0.14 0.95+0.21%*
BMI (kg/m?) 17.5+22 23.1 +4.6*
FMI (kg/m®) 2.64+0.82 7.69 + 3.34%
FFMI (kg/m®) 13.73 £ 1.36 14.13 £1.57*
Tanner (1/2/3/4/5) 4/57/76/16/1 4/41/54/11/0

FM - fat mass, FFM - fat free mass, TF/LF ratio — trunk fat/leg fat ratio, BMI — body
mass index, FMI — fat mass index, FFMI — fat free mass index
* Significant difference between the groups; P < 0.05.

Bone mineral measurements expressed as crude values are displayed in Table 2.
WB BMD, LS BMD, WB BMC, and WB BMC/height were significantly
higher and WB BMAD significantly lower in overweight boys compared to the
respective values in normal weight boys (P < 0.05). There were no differences
(P > 0.05) in FN BMD, LS BMAD and FN BMAD values between studied
groups.
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Table 2. Bone mineral measurements expressed as crude values in normal and over-
weight boys (mean £ SD).

Variable Normal (n=154) Overweight (n=110)
WB BMD (g/cm?) 0.962 + 0.065 1.007 + 0.066*
LS BMD (g/cm?) 0.815+0.103 0.839 + 0.092*
FN BMD (g/cm?) 0.895 +0.101 0.904 + 0.095
WB BMC (g) 1623.4 £332.0 1850.3 + 374.7*
WB BMAD (g/cm’) 0.089 + 0.006 0.087 + 0.006*
LS BMAD (g/cm’) 0.144 £ 0.015 0.147 +0.012
FN BMAD (g/cm”) 0.202 + 0.023 0.197 +0.023
BMC/height (g/cm) 10.50 + 1.62 11.82 + 1.89*

WB — whole body, BMD — bone mineral density, LS — lumbar spine, FN — femoral
neck, BMC — bone mineral content, BMAD — bone mineral apparent density
* Significant difference between the groups; P < 0.05.

Bone mineral values adjusted for body mass, FFM and FM are shown in Table
3. Whole body BMD and BMAD values were significantly higher and lower,
respectively, between normal weight and overweight groups when adjusted for
FFM (P < 0.05), but not when adjusted for body mass or FM values (P > 0.05).
When measurements were adjusted for body mass or FM, WB BMC or WB
BMC/height were significantly lower in overweight boys in comparison with
normal weight boys (P < 0.05). Femoral neck BMD and LS BMD were signi-
ficantly lower in overweight boys when adjusted for body mass or FM, while no
differences in these values between groups were seen when adjusted for FFM
(P > 0.05). Finally, when measurements were adjusted for body mass, FM or
FFM, FN BMAD and LS BMAD were not different between the two groups.
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In PA levels, overweight boys had significantly lower values in moderate,
vigorous, MVPA and total PA compared to normal weight boys (Table 4).
There were no significant differences in sedentary time and light PA levels.

Table 4. Physical activity parameters in normal and overweight boys (mean + SD).

Physical activity parameter Normal (n=154) Overweight (n=110)
Sedentary time (min/day) 399 + 67 411+73
Light PA (min/day) 316 £ 63 310+ 57
Moderate PA (min/day) 51+21 43 + 19*
Vigorous PA (min/day) 14+13 8+ 8*
MVPA (min/day) 65+ 29 51 4+ 24%
Total PA (counts/day) 528 £ 155 461 + 132*

PA — physical activity, MVPA — moderate-to-vigorous physical activity.
* Significant difference between groups; P < 0.05.

5.2. Relationships between body composition and
bone mineral density characteristics

Body mass, FM, FFM, trunk fat, trunk fat:leg fat ratio, BMI, FMI and FFMI
were all positively related (P < 0.05) to WB BMD, WB BMC and WB BMC/
height in both groups (Table 5). All body composition variables were negatively
related (P < 0.05) to WB BMAD in overweight group, while body mass, FM,
FFM, trunk fat and FFMI were negatively correlated with WB BMAD in
normal weight boys. Almost all presented body composition variables were
positively related to LS BMD and LS BMAD (P < 0.05), except FMI for LS
BMD, and FM and FMI for LS BMAD (P > 0.05) in normal weight boys (Table
6). All body composition variables except FMI and FFMI were correlated with
LS BMD, while only trunk fat and FMI were significantly related to LS BMAD
in overweight boys. All measured body composition variables were signifi-
cantly correlated with FN BMD in both groups (P < 0.05), except trunk fat:leg
fat ratio in normal weight boys. Finally, no relationships between measured and
calculated body composition values with FN BMAD were observed in both
groups (P > 0.05) (Table 6).
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5.3. Relationships between physical activity and bone
mineral density characteristics

Relationships between bone mineral parameters and PA levels are shown in
Table 7. In normal weight group, there were significant relationships between
FN BMD and vigorous PA (r = 0.289), MVPA (r = 0.216) and total PA (r =
0.259). In overweight group, moderate PA was significantly related to FN BMD
(r=10.321), vigorous PA was significantly related to WB BMD (r = 0.273), WB
BMC (r = 0.272) and FN BMD (r = 0.228). MVPA was significantly related
with WB BMD (r = 0.201), total BMC (r = 0.199) and FN BMD (r = 0.331) and
total PA were significantly related to WB BMD (r = 0.208), WB BMC (r =
0.203) and FN BMD (r = 0.320) in overweight subjects. All the correlations
were adjusted to pubertal stage, body mass and bone age.

Table 7. Correlations between bone parameters and PA levels adjusted for body mass,
bone age and pubertal stage in normal (n=154) and overweight (OW) (n=110) boys.

WB BMD WB BMC FN BMD LS BMD
(g/em?) (g/em) (g/em?) (g/em?)
Normal oW Normal ow Normal OW  Normal OW
Sedentary PA  -0.107 -0.121 -0.079 -0.156 -0.101 -0.106 —0.045 -0.041

(min/day)
Light PA -0.106 -0.123  -0.070 -0.176 0.027 0.034 -0.175 -0.083
(min/day)
Moderate PA 0.010 0.169 -0.012  0.179 0.137 0.321* -0.072  0.090
(min/day)
Vigorous PA 0.049  0.273* 0.035 0.272* 0.289*  0.228* -0.061 0.131
(min/day)
MVPA 0.026  0.201* 0.023  0.199* 0.216* 0.331* —-0.067 0.080
(min/day)
Total PA 0.073 0.208*  0.061 0.203*  0.259*  0.320* -0.052 0.077
(counts/day)

WB — whole body, BMD — bone mineral density, BMC — bone mineral content, LS —
lumbar spine, PA — physical activity, MVPA — moderate-to-vigorous physical activity
* Statistically significant; P < 0.05

The backward regression models (adjusted for pubertal stage, body mass and
bone age) for PA level associations with bone mineral parameters indicated that
in normal weight subjects, vigorous PA was the most important PA parameter
to predict FN BMD (R* x 100 = 41.7; P < 0.001) (Table 8). No more PA
parameters were associated with different bone parameters in normal weight
subjects. In overweight subjects, vigorous PA was the best predictor for WB
BMD (R* x 100 = 59.6, P = 0.0049) and for WB BMC (R* x 100 = 78.6, P =
0.005). For FN BMD the most important predictor of PA levels was MVPA
(R*x 100 =29.7, P < 0.001) in overweight subjects.

Bone mineral parameters in normal weight subjects according to tertiles of
MVPA are presented in Table 9. Only the highest tertile of MVPA was
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associated with significantly higher FN BMD compared to the lowest MVPA
tertile (0.92 + 0.1 vs 0.86 + 0.1). No further differences in bone parameters were
found between MVPA tertiles.

Table 8. Backward linear regression coefficients of determination (R?), standardized
regression coefficients (B) and level of significance (P) examining the association
between physical activity levels and bone parameters, after controlling for body mass,
bone age and pubertal stage in normal and overweight boys.

Normal (n=154) Overweight (n=110)
R’x100 B R’x100 B P

=

WB BMD (g/cm?)
Vigorous PA - - - 59.6 0.188 0.004
(min/day)
MVPA (min/day) - — - - - —
Total PA (min/day) - — - - — —
WB BMC (g)
Vigorous PA - - - 78.6 0.136 0.005
(min/day)
MVPA (min/day) - - - - - -
Total PA (min/day) - - - - - -
FN BMD (g/cm?)
Moderate PA - — - - — -
(min/day)
Vigorous PA 0.214  0.040
; 41.7
(min/day)
MVPA (min/day) - - - 29.7 0.305 <0.001
Total PA - - - - - -
(counts/day)
PA levels were inserted in the model together using backward mode. Bone parameters
were entered in the model as dependent variables. Only those PA levels that had
significant correlations with bone parameters were entered in the model.

Table 9. Bone mineral parameters for boys in each tertile of moderate to vigorous
physical activity in normal weight boys (mean = SD).

Variable Low tertile Average tertile High tertile
MVPA (min/day) 37.47+10.36 61.22 +£5.62*% 97.77 £ 24.1*#
WB BMC (g) 1209.6 + 327.6 1312.2+341.8 1235.4 £261.7
WB BMD (g/cm?) 0.95 +0.07 0.97 +0.06 0.97 £0.06
FN BMD (g/cm?) 0.86+0.1 0.91+0.1 0.92 +0.1*
LS BMD (g/cm®) 0.82£0.1 0.81+0.1 0.81 +0.09

*— Significantly different from low tertile; P < 0.05; # — Significantly different from
average tertile; P < 0.05.
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5.4 Changes in bone mineral density values after one year
observation period in relation to changes in physical
activity characteristics

The subjects reported to the laboratory after the initial baseline measurements
again in 376.4 + 10.4 days. Mean chronological age, height (+4.9%), body mass
(+12.5%), BMI (+3%), FM (+8.2%) and FFM (+14.6%) were significantly
increased (P < 0.05) after one-year study period (Table 10).

Table 10. Changes in measured characteristics at baseline and after one-year period in

boys (n=169) (mean + SD).

Absolute

Variable Baseline One year value change

in %
Anthropometry
Age (y) 12.06 £ 0.71 13.06 = 0.72*
Tanner 2.72 £ 0.63 3.39+0.84*
(1/2/3/4/5) (0/64/89/16/0)  (0/20/82/48/19)
Height (cm) 154.3 £7.90 162.3+£9.0* 4.9%
Body mass (kg) 47.68 + 14.05 54.47 + 15.68%* 12.5%
BMI (kg/m?) 19.77 +4.51 20.38 +4.61* 3.0%
FM (kg) 11.81+9.23 12.86 + 9.90* 8.2%
FFM (kg) 33.27+6.14 38.93 £8.07* 14.6%
Physical Activity
Sedentary time (min/d) 409.61 = 64.0 4323 £71.6* 5.4%
Light PA (min/d) 314.8 £ 60.5 271.5+55.1* -13.8%
Moderate PA (min/d) 46.1+194 41.4+£18.6* -10.9%
Vigorous PA (min/d) 11.4+11.5 13.9+ 12.4* 18.0%
MVPA (min/d) 57.6 £27.0 5534272 —4.0%
Total PA (counts/min) 488.4+141.4 459.9 + 157.0* -5.9%
Bone mineral parameters
WB BMD (g/cm’) 0.979 £ 0.069 1.015+0.081* 3.6%
WB BMC (g) 1706.6 £367.6  1980.9 +458.8* 14.0%
WB BA (cm’) 1727.9+263.4 1933.3 £305.5* 10,7%
LS BMD (g/cm?) 0.825 +£0.096 0.888 £ 0.119* 7.1%
LS BMC (g) 27.0+£6.5 32.1 £8.9% 15,9%
LS BA (cm®) 32.7+4.7 35.7 +5.8% 8.5%
FN BMD (g/cm?) 0.897 £ 0.094 0.942 +£0.112* 4.8%
FN BMC (g) 4.1+0.7 4.5+0.8% 9%
FN BA (cm’) 45+04 4.7+0.5*% 4.3%

BMI - body mass index, FM — fat masss, FFM — fat free mass, PA — physical activity,
MVPA — moderate-to-vigorous physical activity, WB — whole body, BMD — bone
mineral density, BA — bone area, LS — lumbar spine (L2-L4), FN — femoral neck,

BMC — bone mineral content.

*Significantly different from Baseline; P < 0.05.
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The valid times for accelerometer data were 822.7 £ 69.8 min/d and 759.1 +
79.2 min/d for the baseline and after 12-month period, respectively. The
accelerometry-derived levels of PA demonstrated that sedentary time (+5.4%)
was significantly increased, whereas light (—13.8%) and moderate (-10.9%) PA
significantly decreased as a result of 1-year study period (Table 10). In contrast,
significant increases (P < 0.05) in vigorous PA (+18.0%) and a trend to
decrease (P < 0.10) in MVPA (-4.0%) were observed after 12-month study
period. Total PA (counts/min/day) was also significantly decreased (-5.9%; P <
0.05) during one-year growth and maturation in 11-13-year-old boys. Additio-
nally, all measured bone parameters increased significantly with the smallest
increase was observed in WB BMD (+3.6%) and the largest in WB BMC
(+14.0%) (Table 10).

Partial correlation coefficients between changes in bone mineral parameters
and PA levels are presented in Table 11. All correlations were controlled for
changes in age, pubertal status and body mass. Changes in sedentary time were
negatively related to changes in WB BMD, LS BMD, LS BA, FN BMD and FN
BMC (r >-0.157; P <0.05). Changes in vigorous PA were related to changes in
FN BMD and FN BMC (r > 0.163; P < 0.05), and finally changes in total PA
were related to changes in WB BMD, LS BMC, FN BMD and FN BMC (r >
0.155; P <0.05).

Table 11. Partial correlation coefficients of change (A scores) in bone mineral density
and content values during 12-months study period with the change of physical activity
variables after controlled for A age, A pubertal status and A body mass in boys (n=169).

A Seden-  ALight AMode- A Vigo- AMVPA A Total PA

tary time PA rate PA rous PA . .

(min/d)  (min/d)  (min/d)  (min/d)  (Min/d)  (counts/min)
AWB BMD (giem’)  —0.157*  —0.011 _ 0.080 _ 0.109 0.111 0.169*
AWB BMC (g) -0.147 ~0.057  -0.057  0.074 ~0.005 0.096
AWB BA (cm’) ~0.051 ~0.066  —0.053  —0.001 ~0.147  -0.030
ALS BMD (g/em?)  —0.129 ~0.004  0.044  0.052 0.060 0.116
ALS BMC (g) ~0.182%  —0.029  0.044  0.078 0.072 0.155%
ALS BA (cm’) ~0.183  —0.073  —0.010  0.100 0.041 0.143
AFN BMD (g/em®)  —0.252*  —0.003  0.082  0.205*  0.154* 0.244*
AFN BMC (g) ~0.222% 0.057  0.053  0.163* 0.115 0.216*
AFN BA (cm?) ~0.037 0.094  —0.016  0.023 0.001 0.054

PA — physical activity, MVPA — moderate-to-vigorous physical activity, WB — whole
body; BMD — bone mineral density; BMC — bone mineral component; BA — bone area;
LS — lumbar spine; FN — femoral neck.

* — Statistically significant; P < 0.05.

Linear stepwise regression models to identify PA parameters that contribute
most to the changes in bone mineral parameters are presented in Table 12.
Those models were corrected for changes in age, pubertal stage, body mass,
changes in body mass and pubertal stage and baseline PA levels (sedentary,
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light, moderate, vigorous). Changes in total PA were selected as the only PA
parameter to explain changes in WB BMD (R*x 100 = 2.9%; P = 0.047), while
the whole model predicted changes in WB BMD by 37.9% (F12,156) = 7.942, P <
0.001). The model characterizing changes in LS BMC also included sedentary
time as the most important from PA levels in the whole model (R*x 100 =
48.9%, F2156) = 12.427, P < 0.001), however, the contribution of sedentary
time in the model was non-significant (P = 0.150). Changes in sedentary time
and vigorous PA were selected as the most important PA parameters to describe
changes in FN BMD (sz 100 = 8.6%, F(13,55 = 5.426); and both components
were also significant (P=0.024 and P=0.001 for sedentary time and vigorous
PA, respectively). Changes in sedentary time had a significant prediction (R* x
100 = 4.7%, P = 0.027) on changes in FN BMC, while the total model predicted
changes in FN BMC by 39.4% (F(12,156) = 8.443, P < 0.001). In all models the
most significant covariates were baseline body mass (P < 0.001 in all models)
and changes in pubertal stage (P<0.007 in all models) (data not shown). The
additional inclusion of FFM as a covariate did not significantly influence the
results, except for loosing PA associations with WB BMD. If running the
regression models with only cross-sectional physical activity data (sedentary,
light, moderate, vigorous), no significant associations (P > 0.072) were seen
with any of the PA levels with changes in bone mineral parameters (data not
shown).

Table 12. Stepwise regression models to determine variables that predict bone mineral
parameters controlling for A chronological age, A pubertal stage and A body mass and
baseline physical activity levels, body mass and pubertal stage in boys (n=169).

B (SE) Beta P
A WB BMD (g/cm?) F12.156) = 7.942 <0.001
A Total PA (counts/min) 0.000 (0.000) 0.140 0.047
A WB BMC (g) - - -
A WB BA (cm?) - - -
A LS BMD (g/cm?) - - -
A LS BMC (g) Fi2156 = 12.427 <0.001
A Sed time (min/day) —0.004 (0.003) —0.099 0.150
A LS BA (cm?) - - -
A FN BMD (g/sz) F(13,155): 5.426 <0.001
A Sed time (min/day) 0.000 (0.000) —0.185 0.024
A Vig PA (min/day) 0.001 (0.000) 0.249 0.001
A FN BMC (g) F12.156 = 8.443 <0.001
A Sed time (min/day) —0.001 (0.000) -0.167 0.027
A FN BA (cm?) — - -

WB — whole body; BMD — bone mineral density; PA — physical activity; BMC — bone
mineral content; BA — bone area; LS — lumbar spine; FN — femoral neck.
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6. DISCUSSION

6.1 Bone mineral density values and their relationships
with different body composition values in normal weight
and overweight | |-13-year-old boys

The main findings of the present study were that overweight boys displayed
similar values for areal BMAD values and lower WB BMAD values, despite
significantly higher values for more widely used WB and LS BMD, WB BMC
and also WB BMC/height values in comparison with normal weight peers.
These results suggest that BMAD values should be computed and adjusted for
different body mass values when assessing bone development in boys reaching
puberty. Furthermore, FFMI characterizes better than more widely used BMI
bone development in normal weight boys reaching puberty. In contrast, BMI
and FMI are better determinants of bone mineral values than FFMI in over-
weight boys of the present study.

This study also demonstrated no significant differences in LS BMAD and
FN BMAD crude values and also when these values were adjusted for body
mass, FFM and FM in studied normal weight and overweight boys. Similarly,
WB BMAD was not significantly different between studied boys after adjust-
ment for body mass and FM values, while overweight boys had significantly
lower crude WB BMAD values in comparison with normal weight boys. In
addition, the FFMI had the highest correlation coefficients from the calculated
body composition indices with all bone mineral values in normal weight boys.
In overweight boys, the FFMI had the highest correlation only with FN BMD,
while other measured bone mineral values had highest correlations with either
BMI or FMI values.

In our study, overweight boys had higher WB BMD, LS BMD, WB BMC
and also BMC/height ratio than normal weight controls, which is in accordance
with other studies conducted in prepubertal children (Leonard et al. 2004, 2007;
Petit et al. 2005; Rocher et al. 2008) and also in adolescents (El Hage et al
2009a,b). It has been suggested that body mass might improve bone minerali-
zation in obese children by increasing the mechanical load of increased body
weight especially in weight-bearing bones (El Hage et al. 2009b; Ellis et al.
2003; Rocher et al. 2008). Therefore, overweight children should have greater
bone strength because of the greater muscle force required to move the in-
creased body weight (El Hage et al. 2009a,b; Leonard et al. 2004). Overweight
children have not only more FM but also FFM (El Hage et al. 2009a; Goulding
et al. 2000) and this was also the case in our study (see Table 1). In overweight
boys, the skeleton must be stronger than in normal weight boys to support their
higher body mass (Rocher et al. 2008).

It is interesting to note that while significant relationships between measured
and calculated body FM and FFM values were also seen in both groups (see
Tables 5-6), FFM values were better determinants of measured bone mineral
values than FM measures in normal weight boys. This is in accordance with the
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results of other studies conducted in normal weight boys (El Hage et al. 2009a,
2011; Hrafnkelsson et al. 2010; Rocher et al. 2008). In contrast, measured and
calculated FM indices were better determinants of measured bone mineral
values than FFM measures in overweight boys. To date, there is a significant
disagreement in the literature regarding the relative contributions of fat and fat
free body components to bone mineral values in growing children (El Hage et
al. 2009a). While many studies have demonstrated a positive effect of FM on
bone mineral values (Clark et al. 2006; El Hage et al. 2009a; Ellis et al. 2003;
Leonard et al. 2004), there are also studies showing that body fat may be a
negative determinant of BMD in children (Hrafnkelsson et al. 2010; Specker et
al. 2001). However, it has been suggested that increased FM may be related to
bone maturation (El Hage et al. 2009a) and bone mass gain accelerates earlier
than bone mineral accrual (Bass et al. 1999). This was also supported by the
findings of present study, where crude values of WB BMC and WB BMC/
height ratio were significantly higher in overweight boys in comparison with
normal weight boys (see Table 2). During puberty, bone maturation may be
mediated by the increasing synthesis of estrogen in the adipose tissue that
promotes bone mass accrual (Cobayashi et al. 2005; Schoenau et al. 2001). In
addition, overweight and excessive adiposity are associated with increased
secretion of bone active hormones from the pancreatic beta cells and the
adipocytes (Artz et al. 2005; Jirimée et al. 2009). These factors may explain the
strong relationship between increased FM and bone mineral values in our
overweight peripubertal boys. In agreement with our results, it has been sug-
gested that the relationships between FM and FFM values with measures of
BMD and/or BMC could be dependent on the weight status of the studied
population (E1 Hage et al. 2009a,b).

It appears that there might be a positive site-specific effect of increased
adiposity on bone mineral values during puberty as LS BMD values were
significantly higher in overweight boys, while no differences were seen in FN
BMD values between studied groups (see Table 2). The FN is mainly composed
of cortical bones whereas LS is mainly composed of trabecular bones (Martin et
al. 1988). In addition, trabecular bone is known to be more metabolically active
than cortical bone tissue (Martin et al. 1988). It has been suggested that in
response to mechanical loading, cortical bone mainly enhances its size, while
trabecular bone mainly increases its density (Ducher et al. 2004). Furthermore,
Rocher et al. (2008) argued that WB BMC, which is composed of 80% of corti-
cal bone would adapt to increased body weight by increasing both BMC and
bone area, while LS would react by improving BMC only in obese prepubertal
children. However, to minimize the contributions of bone dimensions on BMD
values, different equations have been proposed to calculate volumetric BMD in
growing children (Katzman et al. 1991; Kroger et al. 1995). In our study, LS
and FN BMAD values were not different when expressed as crude values (see
Table 2) and also when adjusted for body mass, FFM and FM values (see Table
3) between normal weight and overweight peripubertal boys. These results are
in accordance with other studies (Rocher et al. 2008) and would suggest that

35



overweight does not have a protective effect on BMAD values at the specific
sites of the skeleton in boys during puberty. In contrast, one could argue that the
site-specific effect of mechanical loading and bone metabolic activity on bone
mineral development has been demonstrated by the fact that in contrast to LS
BMAD, no relationship between FN BMAD with measured and calculated body
composition values were seen in both groups (see Table 6). Consequently,
further studies are needed before any conclusions can be drawn.

The results of present investigation indicate that adipose tissue may even
have negative effect on bone mineral values during puberty as body mass, FM
and FFM values were negatively associated with WB BMAD in both groups of
studied boys. In general, these relationships appeared to be stronger in over-
weight boys (see Table 5). These results are in accordance with the results
obtained in adolescent boys and girls (El Hage et al. 2009b, 2011). In addition,
crudle WB BMAD and WB BMAD values adjusted for FFM but not when
adjusted for body mass or FM were significantly lower in our overweight
peripubertal boys when compared with normal weight boys (see Table 3). These
results are in line with those observed in prepubertal boys and girls (Rocher et
al. 2008) and in contrast to adolescent girls (El Hage et al. 2009a). Therefore, El
Hage et al. (2009a) suggested that the relation between bone development and
obesity may be sex specific. Accordingly, it could be argued that WB adiposity
plays a negative role in bone development at least in boys reaching puberty. In
addition, the mismatch between body weight and bone mineralization in
overweight children in comparison with normal weight peers increases their
propensity to sustain fractures (Goulding et al. 2000). Therefore, Rocher et al.
(2008) argued that it is not clear whether the association between fracture
occurrence and obesity is a consequence of weaker bones or greater forces
applied on the skeleton when a fall occurs.

Our findings partly support the recommendations to use FFMI and FMI in
determining the deeper meaning of BMI (Eissa et al. 2009; Kelly et al. 2009) as
FFMI were higher correlated with bone mineral values in normal-weight boys,
while FMI and also BMI were better determinants of measured and calculated
bone measures in overweight boys (see Tables 4 and 5). It has been suggested
that calculation of FFMI and FMI in the context of BMI enables to identify
children with normal BMI and excess adiposity to initiate possible intervention
(Eissa et al. 2009). For example, only FMI was correlated with LS BMAD in
overweight boys, while FFMI and also BMI were related to LS BMAD in
normal weight boys.

In conclusion, the results of present investigation demonstrate that over-
weight boys have higher crude WB BMD, BMC and BMC/height ratio values
in comparison with normal weight boys. However, this bone growth appears to
be insufficient to compensate for the higher mechanical load applied on the
bone by higher FM and also FFM values in overweight boys. Specifically,
excessive adiposity does not have a protective effect on the development of
BMAD in growing boys reaching puberty. Moreover, this study suggests that
measured and calculated body composition values were negative determinants
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of WB BMAD in peripubertal boys. However, BMAD was calculated from the
DXA measurements and not assessed by computed tomography, which mea-
sures volumetric BMD directly. Another limitation was that diet and especially
calcium intake was not measured in this study. Accordingly, further studies are
needed to better understand bone growth in boys during puberty.

6.2 Relationships between bone mineral density and
physical activity parameters in normal weight and
overweight | |-13-year-old boys

The main aim of this study was to investigate the association of different PA
levels to bone mineral parameters in normal weight and overweight peripubertal
boys. After adjusting for pubertal stage, bone age and body mass, only FN
BMD site was associated with vigorous PA and MVPA in normal weight boys,
while WB BMD, FN BMD, and WB BMC were associated with MVPA levels
in overweight subjects. Furthermore, moderate PA was associated with FN
BMD in overweight subjects. No effect of PA was seen on LS BMD in normal
and overweight peripubertal boys. These results of the present investigation
clearly indicate that the impact of objectively measured PA levels are signifi-
cantly different in peripubertal boys with different weight categories, and
already moderate PA was associated with bone mineral values in overweight
peripubertal boys.

Throughout the growing years, particularly early in puberty, the ability of
bone to adapt to mechanical loading seems to be better than after puberty (Khan
et al. 2000). Increased bone mass in response to PA in childhood may reduce
the risk of osteoporotic fracture in later life, particularly if associated with
improvements in bone geometry (Tobias et al. 2007). Therefore, the possible
impact of PA during this period is important. Previous studies have indicated
positive associations between bone mass with participation in sport or other
vigorous PA in boys (Baptista et al. 2012; Hogstrom et al. 2007) or that the
bones are more responsive to PA in boys compared to girls (Baxter-Jones et al.
2008; Ginty et al. 2005; Martinez-Gomez et al. 2010; Sardinha et al. 2008;
Vincent-Rodriguez et al. 2008).

Majority of the studies focusing on the associations between PA and bone
parameters have used relatively heterogeneous groups of subjects. In this study
we divided the subjects into normal- and overweight boys in order to study the
influence of PA to bone mineral parameters in subjects with different weight
categories. In PA levels, there were no differences between sedentary and light
PA, while normal weight subjects spent significantly more time in moderate and
vigorous PA (see Table 4). In overweight subjects, we found that MVPA levels
were significantly associated with all the measured bone values except for LS
BMD (see Table 7). This, in general, is in agreement with other studies that
have found similar associations with PA and bone mineral parameters.
However, in overweight subjects, moderate PA alone was associated with
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higher BMD in FN site. This finding, concerning moderate PA is far less
reported in the literature. To our best knowledge, only Tobias et al. (2007)
found that moderate PA was related to bone size and BMD in 11-year-old
children. However, in that study moderate PA was defined differently compared
to our study. Specifically, moderate PA in Tobias et al. (2007) study was similar
to vigorous PA in our study. This indicates that in overweight subjects, despite
significantly less activity in moderate PA compared to normal weight subjects,
already benefit from moderate PA. This is probably related to their additional
body mass, which effect becomes significant already at moderate PA level.
Overweight subjects in our study showed also significantly higher values in all
measured bone mineral parameters (P < 0.05), except for FN (P > 0.05).

Physical activity did not predict bone mineral parameters in normal weight
group, except for FN site. Several studies have reported the same positive
associations between bone mass and/or bone area of FN with participation in
sport or in vigorous or high-impact PA in boys (Baptista et al. 2012; Hogstrom
et al. 2007; Kriemler et al. 2008; Sardinha et al. 2008, Tobias et al. 2007). This
skeletal site seems to be considerably affected by mechanical factors, LS, how-
ever, is more influenced by metabolic hormonal factors (Sardinha et al. 2008).
Femoral neck has emerged as the site as one of the most responsive to physical
activity and loading (Baptista et al. 2012; Ginty et al. 2005; Hogstrom et al.
2007). Strong associations between vigorous PA and FN BMD measures may
be attributable, in part, to the objective evaluation of PA by means of hip
displacement, but also by the fact that this skeletal site seems to be considerably
affected by the mechanical factors during the peak bone mass accrual (Sardinha
et al. 2008). During puberty, all cross-sectional studies dealing with impact load
sports in male and female adolescents (running, gymnastics) have shown
increased BMD in weight-bearing bones, particularly at the FN site, in compa-
rison with untrained controls (Zouch et al. 2008).

Contrary, despite significantly higher body mass and FFM, but fewer vigo-
rous PA and MVPA, WB BMD and WB BMC were significantly predicted by
MVPA levels in overweight boys (see Table 7). Our study indicates that the
beneficial effects of vigorous PA are not similar if different weight categories of
the peripubertal children are taken into account. This indicates that the effect of
PA to bone mineral parameters is significantly modified by different body
composition parameters and already moderate PA levels are advantageous in
overweight subjects to increase BMD at FN site. Previous studies have mainly
indicated that high impact types of PA are needed to promote bone health
(Hogstrom et al. 2007; Martinez-Gomez et al. 2010). In the current study we
measured PA by accelerometry without any additional PA diary or question-
naire. Therefore, the reported moderate and vigorous activities include only
those activities that have weight-bearing effects and activities with no or low
impact (swimming and cycling) do not contribute to MVPA because accelero-
meter does not track them reliably. Objective assessments of PA using accelero-
meters provide valid information on the intensity and duration of PA. As
accelerometer measures ground-reaction forces during various speeds and inten-
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sities of weight-bearing activities, they are particularly beneficial in studying
the dimensions of PA that are directly related to structural properties of bone
(Sardinha et al. 2008).

To investigate the association between MVPA and bone mineral parameters
in more detail and to find weather there exist any difference also in total BMC
or BMD parameters in normal-weight subjects, we further divided the normal
weight group into tertiles according to MVPA level. Unfortunately we were not
able to find any differences in WB BMC between the highest MVPA (1209.6 +
327.6 g), average MVPA (1312.2 + 341.8 g) and lowest MVPA (12354 =
261.7 g) group in normalweight boys. Many studies in the literature have
indicated that the activity has to be at least vigorous in order to have the signi-
ficant effect on bone mineral parameters (Baptista et al. 2012; Baxter-Jones et
al. 2008; Ginty et al. 2005; Sardinha et al. 2008). However, in our normal
weight subjects, the positive influence of body mass could have been too small,
as almost three times higher MVPA group in the highest tertile compared to the
lowest tertile group did not result in higher WB BMC or BMD values.

There are some limitations in the study that should be considered. Firstly, the
wearing of an accelerometer may cause some changes in PA towards higher
activity, however, as the wearing time was one week and the average of work-
days and weekend days was used in the study. Further, it should be noted that
the cross-sectional design of the study does not take into account the historical
PA. However, it has been shown that present and historical PA levels are
strongly interrelated (Caspersen et al. 2000). Nevertheless, it would be inte-
resting to study the longitudinal influence of PA on bone mineral parameters.
Furthermore, the possible influence of sex steroids (ie testosterone) to BMD
was not directly considered. As the models were corrected for bone age and
pubertal stage as parameters for maturation probably reduces the effect of
testosterone on bone mineral parameters and does have significant influence on
the conclusions that have been drawn.

In conclusion, different PA associations with bone mineral parameters were
found in 11-13-year-old normal weight and overweight boys. The results
indicate that in normal weight boys the effect of PA is smaller compared to
overweight boys, probably because the weight-bearing effect of the body is
smaller. However, this must be further studied in the future to clarify those
associations.

6.3 Changes in bone mineral density values after one year
observation period in relation to changes in physical
activity parameters in |1 1-13-year-old boys
In the current study, the associations between changes in PA exposure to bone
mass acquisition during growth and maturation in 11-13-year-old boys were

investigated. This study indicated for the first time, that increases in sedentary
time had a negative influence on bone mineral accrual that characterized 4.7%
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of the changes in FN BMC (P < 0.05), while the combination of sedentary time
and vigorous PA characterized 8.6% changes in FN BMD (P < 0.05).

One major preventive measure of bone health is the optimization of peak
bone mass in the early years and during the puberty (Hind and Burrows 2007).
The association of activity duration (minutes per session) has been found to be
greater than that of the frequency and load in girls (Farr et al. 2011). The
potential importance of PA duration indicates that prolonged loading sessions
can continue to stimulate bone formation as long as the distribution of strain is
altered throughout the session (Farr et al. 2011; Lanyon 1987). Despite using
boys in the current study, it could be suggested that quantifying PA by the
amount and the intensity of activity can be considered valid to study its influen-
ce on bone mineral parameters. Moreover, the duration of the exercise/loading
is likely the case in everyday life concerning their activities and increasing the
duration of those activities may be an important osteogenic stimulus. Lots of
studies have indicated the beneficial effect of PA, especially weight-bearing
PA, on bone mineral acquisition (Gracia-Marco et al. 2011b; Sardinha et al.
2008, Sayers et al. 2011). Our previous study also indicated that already mode-
rate PA level has a positive effect on FN BMD in overweight boys (see Table
7), which is probably mediated by the body composition effect. Accordingly, it
has been suggested that the effect of PA on bone mineral value is not mediated
only by the amount of PA but the intensity, and more specifically by vigorous
PA, in combination of body composition parameters (Gracia-Marco et al.
2011b; Sardinha et al. 2008; Sayers et al. 2011; Tobias et al. 2007). Farr et al.
(2011) have also indicated that the effects of PA duration and frequency on
bone development are independent and site specific. If those gains in bone
mineral acquisition during puberty can be maintained and promoted, they have
a potential to reduce the fracture risk in later life.

Most studies so far have investigated the possible association of PA with
bone mineral parameters using cross-sectional design (Baptista et al. 2012;
Gracia-Marco et al. 2011a; Vicente-Rodriguez et al. 2008; Sardinha et al. 2008).
However, this design has only limited historical information over PA level (Farr
et al. 2011). It has been shown that present and historical PA levels are strongly
interrelated (Nilsson et al. 2010). It is also known that there is a sharp decrease
in PA during pubertal development (Ruiz et al. 2006, US DHHS 2008), and
therefore, cross-sectional PA data might have less reliability. This was also the
case in our study, where in general, significant decreases in PA levels were
seen, except for vigorous PA that was slightly, but significantly increased (see
Table 10). Based on their results regarding low and moderate PA, Farr et al.
(2011) have suggested that PA during growth may be detrimental for bone
development, but the direct influence so far have not been indicated. Further, it
is known that vigorous PA is important for bone mineral aqusition (Baptista et
al. 2012; Sayers et al. 2011; Sundberg et al. 2002), however, the current study
indicated that despite the positive effect of vigorous PA, the increases in seden-
tary time had a negative influence on bone development during one year
observation period as indicated by the negative association with changes in
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sedentary time and changes in measured bone mineral parameters (see Table
11). Sedentary time refers to movements that do not increase energy expendi-
ture significantly higher above the resting level (ie. sleeping, sitting, television-
watching, etc). All regression analyses in the current study were controlled for
changes in body mass and baseline body mass due to their significant impact
(Nilsson et al. 2010; Vicente-Rodriguez et al. 2008). In the current study,
changes in sedentary time were selected as one of the most important predictor
of the development in FN BMD (together with changes in vigorous PA) and FN
BMC after controlling for changes in age, pubertal stage, body mass, and the
baseline body mass, baseline pubertal stage and baseline PA levels (see Table
11). One of the explanations of our finding on sedentary time effect might be
attributable to the longitudinal design that gives more reliable information
regarding the change of both variables — PA and bone parameters during the
investigation period. Moreover, we were able to track both variables reliably
using accelerometry and DXA, respectively, in a relatively large sample of 11—
13-year-old boys. We did also analyze data using cross-sectional data of PA to
predict changes in bone mineral parameters, but we did not find any significant
effect of PA levels to any of the measured bone mineral parameters (P > 0.072),
suggesting that changes in PA pattern during puberty have a significant effect.
Our study results also indicated that the effect of light and moderate PA on bone
mineral parameters has no significant effect on bone mineral parameters.
Despite the fact that total PA was selected in the regression model to be
associated with changes in WB BMD, this effect was probably mediated by
vigorous PA.

Physical activity effects of our study were mainly associated with FN site of
the skeleton. This finding is in accordance with Baptista et al. (2012), who
found that one-third of the total variation in FN BMC was determined by PA
level. It has further been suggested that the intensity of PA has to be vigorous to
influence the bone strength of FN (Sardinha et al. 2008). Femoral neck has be
also considered as a skeletal site that has the most direct influence from the
combination of ground reaction force and vigorous PA. In contrast, being
sedentary eliminates the effect of both components (load and ground reaction
force) and therefore might have a negative effect.

Physical Activity Guidelines for children and adolescents recommend that
children and adolescents should engage at least 60 minutes or more MV PA per
day and at least three days a week should include activities to improve bone
health (US DHHS 2008). The mean of 58.0 min/day of MVPA in our studied
boys in general, reaches the recommended levels at the beginning of the study,
(see Table 10), and that increases in vigorous PA were selected as one of most
important components to predict increases in FN BMD (see Table 11). Re-
cently, it has also been argued that sedentary time predicts chronic diseases
independently of total PA levels and should therefore be considered a separate
construct (Ekelund et al. 2012). This is supported by finding that changes in
sedentary time and total PA were related to almost similar bone mineral
parameters, however, in the opposite direction (see Table 11). Although, the
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contribution of sedentary behaviour was relatively small but significant in the
models, it should be noted that those contributions reflect only the period of 12
months and if persisted for longer period the actual effect on bone health might
be stronger. For example, the increase in sedentary time by 60 minutes a day
predicted the decrease of FN BMC by approximately 0.06 g that might be
considered biologically important. Therefore, it could be concluded that fo-
cusing to increases in MVPA and higher PA intensities as suggested before
(Kriemler et al. 2008; Lanyon 1987; Sundberg et al. 2002; Tobias et al. 2007)
and in the current study (see Table 3) are vital to stimulate bone mineral accrual
in 11-13-year-old boys. However, at the same time, it is also important to avoid
of being sedentary due to its negative contribution to bone health (see Table
11).

The strength of the current study is a 12-month longitudinal observation
period, which allowed us to have more reliable data on the actual changes of PA
levels and bone mineral accrual compared to cross-sectional design. The used
longitudinal design indicated significant PA effects, especially for sedentary
time on bone mineral parameters. It must be considered that the change in one
unit on PA value is rather small in real life (i.e., 60 s), especially for sedentary
activity, therefore, it would be expected that the b-values would be low. For
comparison, the Beta-weights mirror the significance of the parameters better
(see Table 12). It should also be considered that the bone itself is not a tissue
that can be influenced to high rate within a short period. We were not able to
track the nutrition of the subjects (which includes calcium and vitamin D
intake) and their possible interactions with bone mineral acquisiton. It has also
been suggested that in healthy children with adequate dietary intakes, PA has a
greater osteogenic effect than calcium or protein intake (Iuliano-Burns et al.
2005). Nevertheless, not measuring dietary and especially calcium intakes
should be considered as limitations of the present study. The use of 60 s epochs
might have some negative effect on very short bouts of vigorous activities and
could result in underestimation of the vigorous activity impact in the regression
models. At the same time there might be some overestimation of sedentary time
due to uniaxial accelerometer, therefore to be more valid in measuring PA, the
3-D accelerometers would be suggested. In the future, if planning studies on PA
probably 24-hour recording and multiple testing per year taking into account the
seasonal variability of PA level will produce even more reliable results. This
investigation also used several confounders like chronological age, sexual ma-
turation, height and body mass, which are important to study the associations
between changes in PA and bone mineral acquisition during longitudinal study
period.

In conclusion, our data demonstrate that increase in sedentary time emerged
as one of the main predictors from physical activity levels to have a negative
influence on bone mineral acquisition during a 12-month observation period in
11- to 13-year-old boys.
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7. CONCLUSIONS

Overweight boys, aged 11-13 years had higher whole body, lumbar spine
and femoral neck BMC values compared with normal weight boys. In
contrast, no differences in lumbar spine and femoral neck body apparent
(volumetric) BMD were seen in both groups. Despite higher whole body
BMD, overweight boys had lower whole body apparent (volumetric) BMD
compared with normal weight boys;

Fat free mass characterizes better than fat mass and BMI bone mineral
values in normal weight boys, while fat mass and BMI are better determi-
nants of bone mineral values in overweight boys;

Physical activity is more associated with bone mineral values in overweight
boys compared with normal weight boys, and in addition to vigorous
physical activity, already moderate physical activity has the significant
impact on bone mineral values in overweight boys;

The increase in sedentary time emerged as one of the main predictors from
physical activity to have the negative influence on bone mineral acquisition
during a one-year observation period in 11-13-year-old boys.
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SUMMARY IN ESTONIAN

Luutiheduse, keha koostise ja kehalise aktiivsuse vahelised
seosed | I-13 aastastel poistel

Puberteediperioodi jooksul toimuvad inimese organismis mitmed hormonaal-
sed, morfoloogilised ja antropomeetrilised (kasvuspurt) muutused. Erinevad
uuringud on leidnud, et nii positiivsed kui ka negatiivsed muutused, mis tekivad
puberteediperioodi jooksul omavad suurt moju inimese edasisele elukéigule.
Puberteediperioodi jooksul toimub ka viga intensiivne luukoe juurdekasv.
Uuringutes on leitud, et umbes 40-50% luumassi juurdekasvust toimub just
puberteediperioodil, saavutades tippmassi umbes 2022 eluaastal, millest edasi
algab luumassi vihenemine. Osteoporoos ehk luude horenemine on seisund,
mille puhul on luumineraalide hulk vihenenud ning luud muutuvad hapraks ja
suureneb luumurruoht. Seega, mida korgem on luumineraalide sisaldus, seda
hiljem tinglikult avaldub osteoporoosi oht, millest jdreldub, et puberteediea
jooksul, mil luukude on kdige paremini mojustatav tuleb luumineraalide suure-
nemisele pdorata olulist tdhelepanu.
Uuringud on samuti ndidanud, et luumineraalide hulga suurenemine (luu-
tiheduse kasv) on viga tihedas seoses mehaanilise koormusega, mis avaldub
luudele. Uheks selliseks faktoriks on inimese kehamassi suurus. On leitud, et
suurema kehamassiga inimestel on suurem luutihedus vorreldes viiksema
kehamassiga inimestega. Siiski esineb ka vasturdédkivusi, millist moju avaldab
inimese keha rasvamass suurus vorreldes keha rasvavaba massi (kaasaarvatud
keha lihasmassi) osakaaluga.
Samuti on leitud, et kehaline aktiivsus, eriti just tugev, 106gilise iseloomuga
kehaline aktiivsus omab positiivset seost luutiheduse suurenemisega. Samas ei
ole teada, milline on selles mudelis keha koostise erinevate komponentide osa-
kaal just erineva suurusega kehamassiga inimestel. Siiamaani tehtud uuringud
on pdhiliselt olnud ristlébildikeuuringud, samas kui on teada, et just puberteedi-
ea jooksul toimub oluline kehalise aktiivsuse vdhenemine. Seetottu ei pruugi
ristlabildike uuringute tulemused anda usaldusvéirset infot kehalise aktiivsuse
muutuse kohta.
Kéesoleva uurimistdd eesmirgiks oli uurida voimalikke seoseid keha koos-
tise parameetrite, kehalise aktiivsuse ning luu parameetrite vahel puberteedi-
ealistel poistel.
Vastavalt uurimist6d eesmairgile piistitati jirgmised konkreetsed iilesanded:
1) wuurida erinevaid luutiheduse parameetreid iilekaalulistel ja normaalkaalu-
listel poistel;

2) uurida keha koostise ja keha erinevate luutiheduse niitajate vahelisi seoseid
iilekaaluslistel ja normaalkaalulistel poistel;

3) wuurida seoseid keha koostise ja erineva intensiivsusega kehalise aktiivsuse
ning luutiheduse parameetrite vahel iilekaaluslistel ja normaalkaalulistel
poistel;
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4) uurida longituudselt erinevate kehalise aktiivsuse néditajate muutuste mdju
luutiheduse néitajate arengule tilekaalulistel ja normaalkaalulistel poistel.

Antud uuringus osales 264 10—13 aasta vanust Tartu ja selle imbruskonna kooli-

de poissi. Vaatlusalused jaotati normaal- ja iilekaalulisteks kasutades McCarthy

jt. (2006) metoodikat. Vaatlusalustel maarati keha koostis DXA meetodil,
kehaline aktiivsus aktseleromeetri abil, bioloogiline vanus, kasutades rontgen-
iilesvotet labakdest. Sarnased testid viidi lébi iihe aasta pérast. Longitudi-
naalsesse analiilisi kaasati ainult need vaatlusalused, kellel olid olemas kd&ik
andmed nii esimesest kui ka teisest mootmispunktist.

Kéesoleva uuringu pohjal tehti jargmised jareldused:

1) Ulekaaluliste poiste luutiheduse niitajad olid oluliselt kdrgemad vdrreldes
normaalkaaluliste poiste vastavate néitajatega. Samas ei leitud usutavaid eri-
nevusi selja lumbaarosa ja reieluukaela mahulises luutiheduse néiitajas, kuid
iilekaalulistel esines oluliselt madalam kogu keha mahuline luutihedus.

2) Keha rasvavaba mass kajastavad paremini luutiheduse niitajaid normaal-
kaalulistel poistel, tilekaalulistel poistel kajastavad luutiheduse parameetreid
paremini keha rasvamass .

3) Kehaline aktiivsus omab suuremat moju luutiheduse parameetritele i{ilekaa-
lulistel poistel ning lisaks intensiivsele kehalisele aktiivsusele omab olulist
moju ka moéddukas kehaline aktiivsus.

4) Kehalise inaktiivsuse suurenemine omab olulist negatiivset mdju mairatud
luuparameetrite arengule iihe aastase uuringuperioodi jooksul 11-13 aastas-
tel poistel.

Kokkuvéttes niitasid antud uuringu tulemused, et erinevate keha koostise ja

kehalise aktiivsuse nditajate moju luuparameetrite arengule on puberteedi-
perioodi jooksul erinev normal- ja iilekaaluliste poiste vahel.
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