DISSERTATIONES KINESIOLOGIAE UNIVERSITATIS TARTUENSIS
34






DISSERTATIONES KINESIOLOGIAE UNIVERSITATIS TARTUENSIS
34

ANNA-LIISA PARM

Bone mineralization
in rhythmic gymnasts before puberty:
associations with selected
anthropometrical, body compositional and
hormonal parameters

TARTU UNIVERSITY PRESS



Institute of Sport Pedagogy and Coaching Science, Faculty of Exercise and
Sport Sciences, University of Tartu, Tartu, Estonia.

Dissertation was accepted for the commencement of the Degree of Doctor of
Philosophy in Exercise and Sport Sciences on June 19, 2012, by the Council of
the Faculty of Exercise and Sport Sciences, University of Tartu, Tartu, Estonia.

Supervisors:  Professor Toivo Jiirimde, PhD, University of Tartu, Tartu,
Estonia
Professor Jaak Jiirimde, PhD, University of Tartu, Tartu,
Estonia

Opponent: Professor Sigitas Kamandulis, PhD, Lithuanian Academy
of Physical Education, Kaunas, Lithuania

Commencement: room of the Senate of the University of Tartu, 18 Ulikooli
Street, Tartu on August 29, 2012 at 12 p.m.

Publication of this dissertation is granted by the Faculty of Exercise and Sport
Sciences, University of Tartu and by the Doctoral School of Behavioral, Social
and Health Sciences created under the auspices of European Union Social Fund.

* X %
* *
* *

* *

European Union
European Social Fund Investing in your future

ISSN 1406-1058
ISBN 978-9949-32-055-4 (triikis)
ISBN 978-9949-32-056-1 (pdf)

Autoridigus Anna-Liisa Parm, 2012
Tartu Ulikooli Kirjastus

www.tyk.ee
Tellimus nr. 358



CONTENTS

ABBREVIATIONS ..ottt 7
LIST OF ORIGINAL PUBLICATIONS ..ottt 8
1. INTRODUCTION ....oooiiiiiieiieieieeiteeeie ettt ees 9
2. REVIEW OF THE LITERATURE .....cocooiiiiiiieeeee e 11
2.1. Bone development in childhood ..........cccooveviivieiiiiciiiiecieeece, 11
2.2. Anthropometry, body composition and bone mineral parameters .... 13
2.3. Adipocytokines, ghrelin and bone mineral parameters .................... 16
3. AIM AND PURPOSES OF THE STUDY ..cccoooiiiiiieieeeeeeeeeee 19
4. METHODS ..ottt s 20
4.1. Participants and experimental design ...........ccccoeevevienieniinieeeeennen. 20
4.2, BiologICal 8 ....occvieiieeiieiieiieciie et 21
4.3. Anthropometric MEASUTCMENLS ........cccverrveerreerieereerreereereesseesseesenens 21
4.4. Body composition and bone mineral parameters ..............cccceevueennenne 22
4.5, Blood analysiS ......ccceceiieriiieiiieiiie ettt et esree et eae e 22
4.6. Statistical ANalySIS .......cccevevieerievieeriierieneesreereereere e eesereseneeseesnes 22
5. RESULTS oottt ettt ense s ennas 24
5.1. Relationships between anthropometric, body composition and bone
mineral PAramMELErS .........cccvcvvveveerierireeireesreesreesseesseeseesresneasseesseenns 24
5.2. Adipocytokine and ghrelin levels in relation to bone mineral
4150 1 SRR 31

5.3. Changes in bone mineral density values after 12-month period in
relation to baseline body composition, and adipocytokine and
ghrelin CONCEeNtrations ...........cecveciereerienierie et 31

. DISCUSSION ..ottt sttt sttt st 35

6.1. Relationships between anthropometric, body composition and bone
mineral parameters in prepubertal rhythmic gymnasts compared
with untrained CONtrolS........ccoivveeviririiniiniierenecieeeceseeeseeeees 35
6.2. Adipocytokine and ghrelin levels in relation to bone mineral
density in prepubertal rhythmic gymnasts compared with untrained
o0 012 () LSRR 38
6.3. Changes in bone mineral density values after 12-month period in
relation to baseline body composition, and adipocytokine and
ghrelin concentrations in rhythmic gymnasts compared with

untrained CONIOLS ..couiiiuiiiiiiii ettt 40
7. CONCLUSIONS ...ttt 44
8. REFERENCES ... .ottt 45
SUMMARY IN ESTONIAN ..ottt ettt 58



ACKNOWLEDGEMENTS ...coiiiiiiiiiiiiecetcreeeeese e

PUBLICATIONS

CURRICULUM VITAE ..ottt



BMC
BMD
BMI
Body fat%
DXA
FFM
FM
FN
L2-14
LS

SD

ABBREVIATIONS

bone mineral content

bone mineral density

body mass index

body fat percent

dual-energy x-ray absorptiometry
fat free mass

fat mass

femoral neck
antero-posterior lumbar spine
lumbar spine

standard deviation



IL.

III.

LIST OF ORIGINAL PUBLICATIONS

Parm AL, Saar M, Pérna K, Jiriméie J, Maasalu K, Neissaar I, Jirimée T.
Relationships between anthropometric, body composition and bone mineral
parameters in 7-8-year-old rhythmic gymnasts compared with controls.
Collegium Antropologicum, 2011; 35: 739-45.

Parm AL, Jiriméde J, Saar M, Padrna K, Tillmann V, Maasalu K, Neissaar I,
Jirimée T. Plasma adipocytokine and ghrelin levels in relation to bone
mineral density in prepubertal rhythmic gymnasts. Journal of Bone and
Mineral Metabolism, 2011; 29: 717-24.

Parm AL, Jiriméae J, Saar M, Parna P, Tillmann V, Maasalu K, Neissaar I,
Jirimie T. Bone mineralization in rhythmic gymnasts before puberty: no
longitudinal associations with adipocytokine and ghrelin levels. Hormone
Research in Paediatrics, 2012 (In Press).

In all papers, Anna-Liisa Parm had primary responsibility for protocol develop-
ment, subjects’ enrollment, performing measurements, data analysis, and
writing the manusripts.



I.INTRODUCTION

Rhythmic gymnastics, like ballet and figure skating, is a sport discipline that
begins early in childhood and poses high demands on the performer's functional
and energy capacities, which may influence the development of the body's phy-
sique and composition (Misigoj-Durakovic et al., 2005). Rhythmic gymnasts are
subjected to high levels of physical and psychological stress due to the intensive
physical training and to psychological stress imposed by athletic competitions
(Theodoropoulou et al., 2005). Participation in aesthetic sports, which requires a
lean body shape to fulfill aesthetic standards and to facilitate flexibility, is a
very common disordered eating risk factor (Krentz & Warschburger, 2011;
Martinsen et al., 2010; Thompson & Sherman, 2010).

Selected anthropometric characteristics (e.g., arm span, mid-thigh circum-
ference, body mass), aerobic power, flexibility, and explosive strength are
important determinants of successful performance and talent identification in
rhythmic gymnastics (Douda et al., 2008). Atletes are usually very thin and
have low fat mass (FM) because rhythmic gymnastics requires this kind of
aesthetic ideal (Courteix et al., 2007). This is also a reflection of not only
specific sport requirements but also a self-selection bias by rhythmic gymnasts
and coaches who favour participation to each sport of the athlete with the appro-
priate body shape (Theodoropoulou et al., 2005). Elite rhythmic gymnasts
compared to less successful rhythmic gymnasts and also untrained controls are
taller, have longer leg length and sitting height, and have lower body mass and
fat free mass (FFM), while there appears to be no differences in body mass
index (BMI) (Di Cagno et al., 2008).

Rhythmic gymnasts exhibit a moderate but significant delay in skeletal
maturation (delayed bone age), which is related to the type, intensity, frequency,
and duration of exercise (Theodoropoulou et al., 2005). As bone maturation pro-
gresses slower also in ballet dancers, similarly to rhythmic gymnasts, over a
long period of time, adequate compensatory catch-up growth is explained by the
recovery of growth potential as puberty progresses (Donoso et al., 2010).
Georgopoulos et al. (2001) demonstrated that rhythmic gymnasts compensate
for their loss of the pubertal growth spurt by late acceleration of linear growth.
There is also a delay in pubertal development in rhythmic gymnasts as
menarche could be delayed by as much as 1.5-2.0 years (Klentrou & Plyley,
2003). In rhythmic gymnasts, prepubertal stage could be prolonged and pubertal
development could be entirely shifted to a later age, following bone maturation
rather than chronological age (Georgopoulos et al., 2010). The effects of these
factors on growth, skeletal maturation, and pubertal development in rhythmic
gymnasts have been studied before (Georgopoulos et al., 2010, 2012; Helge &
Kanstrup, 2002; Tournis et al., 2010) and the late maturation of rhythmic
gymnasts contributes to a girl's decision to continue participating in this sport
rather than intensive training delaying menarche (Baxter-Jones et al., 1994).



Rhythmic gymnastics is known as a high-impact bone loading sport because
gymnasts perform many jumps during their everyday trainings (Tournis et al.,
2010). High-impact exercise (jumping) has a strong impact on the development
of bone mineral density (BMD) and bone mineral content (BMC) (Fuchs et al.,
2001; Ward et al., 2005). Young gymnasts have already higher bone mineral
values than children participating in other sport disciplines or untrained cont-
rols. Rhythmic gymnasts start to train with rather heavy loads and compete
already at relatively young ages before puberty (Misigoj-Durakovic et al., 2005;
Tournis et al., 2010). This may lead to a relatively low body FM and probable
low energy balance already before puberty. Accordingly, it is important to study
selected hormonal markers of body energy balance in addition to anthropo-
metric and body composition parameters in rhythmic gymnasts before puberty.
It is well known that adipose tissue produces different adipocytokines such as
leptin and adiponectin, which participate in energy homeostasis and contribute
to the relationship between FM and BMD in addition to mechanical loading
(Biver et al., 2011; Huang et al., 2004; Misra, 2008). In addition to adipocyto-
kines, the gut hormone ghrelin may also influence bone mineralization in
children (Pacifico et al., 2009).

To date, there are relatively few data on specific bone mineral accrual during
the prepubertal years close to puberty in rhythmic gymnasts who start to
exercise with relatively high training loads at a relatively early age. This time
period has been found to be very sensitive for bone mineral accumulation in
children (MacKelvie et al., 2002). To our best of knowledge, there have been no
longitudinal studies about the influence of adipocytokines (leptin and adipo-
nectin) and ghrelin together with body composition parameters on whole body
and areal bone mineral density values in a specific group of prepubertal
rhythmic gymnasts. Therefore, the main aim of the present thesis was to investi-
gate possible associations between specific anthropometric, body composition
and hormonal parameters with bone mineral values and the prediction of bone
mineral development by baseline measured hormone variables during one year
in prepubertal rthythmic gymnasts and untrained controls.
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2. REVIEW OF THE LITERATURE
2.1. Bone development in childhood

Osteoporosis is a major global public health concern and it is characterized by
microarchitectural deterioration and loss of bone tissue that consequently in-
creases susceptibility to fracture (Cooper, 1999). Osteoporosis is a condition of
bone fragility that can lead to pain, disability, and reduced quality of life (Peck,
1993). Individuals who achieve a higher peak bone mass during childhood
might prevent or delay osteoporosis and have decreased fracture risk in later life
(Bass et al., 1998, 1999). Fractures are also common during growth, occurring
in approximately one third of children who are otherwise healthy (Cooper et al.,
2004), although Goulding et al. (2005) found that fracture incidence increases
from 16% in normal weight children to 33% in overweight and obese children.
Maximal incidence of fractures in girls occurs between 11-12 years. This period
corresponds to the age of peak height velocity in both sexes and preceeds by
nearly one year the time of peak bone mineral content velocity (Kawalilak et al.,
2010).

There are different opinions concerning the exact period when the peak bone
mass is reached, but the general agreement is that the maximal accrual of bone
mineral density is acquired in the years surrounding puberty (Heaney et al.,
2000). Prepubertal time period is a very sensitive period for bone mineral accu-
mulation in children (MacKelvie et al., 2002) and about 90% of adult skeletal
mass is acquired during childhood (Heaney et al., 2000). Longitudinal growth of
the human skeleton during the entire childhood until early adult age is the result
of endochondal ossification (Kalkwarf et al., 2010). As children's lifestyle
affects growth of the skeleton and development of BMD, it is important to
understand mechanisms regulating bone mineral accrual (Tubi¢ et al., 2011)
with the goal of optimizing the achievement of peak bone mass and minimizing
the risk of osteoporotic fractures in adulthood (Berger et al., 2010). Factors
predicting BMD in children are not yet fully known but studies indicate that
genetic factors (about 50-70%) (Duren et al., 2007; Ferrari et al., 1998; Kelly et
al., 1995), endocrine status (Rhie et al., 2010; Wit & Camacho-Hiibner, 2011),
timing of pubertal maturation (Ausili et al., 2012; Chevalley et al., 2011; Jac-
kowski et al., 2011), body composition (Baptista et al., 2012; Rhie et al., 2010),
lifestyle — diet (Vatanparast et al., 2007; Wosje et al., 2010), including vitamin
D (Harkness & Bonny, 2005), and physical activity (Janz et al., 2001; Marwaha
et al.,, 2011; Rizolli et al.,, 2010) during early childhood may contribute to
optimal bone development in children.

Wosje et al. (2010) identified dietary patterns related to body FM and bone
mineral accrual in 3.8—7.8-year-old children and found that increasing intakes of
dark-green and deep-yellow vegetables (eg. spinach, romaine lettuce, broccoli,
carrots and sweet potatoes) and limiting fried-food intake may promote healthy
FM and bone mineral accrual. The main reason of this remains unclear but may
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related to their high content of alkalizing minerals such as potassium. Ac-
cordingly, it is very important to have healthy diet for bone development in
children.

Another main factor for skeletal strength and bone development is mecha-
nical loading activity. Mechanical loading during growth has the potential to
optimize bone structure and produce worth-while gains in bending, compres-
sive, and torsional strength (Seeman, 2003). The type, intensity, frequency,
load, and especially duration of the physical activity are all affecting children’s
bone development (Farr et al., 2011a; Rizolli et al., 2010; Scarpella et al., 2003),
probably even more than dietary calcium intake (Bonjour et al., 1997; Dowth-
waite et al., 2011; Welten et al., 1994). Participation in vigorous physical acti-
vity, but not in moderate or light physical activites, may have a long-term
benefits for skeletal health (Lazcano-Ponce et al., 2003; Sayers et al., 2011).
Furthermore, it could be suggested that regular high-impact weight-bearing
physical activity during growth and development plays an important role in
maximising bone mineral mass gain and might prevent osteoporosis in later life
(Baxter-Jones et al., 2008; Erlandson et al., 2012; Rizolli et al., 2010). Children
who are less physically active at an early age may loose the opportunity to
obtain the highest bone parameters possibly later in life when they are likely to
be less physically active (Janz et al., 2010).

Rhythmic gymnastics seems to be especially osteogenic in children (Gruo-
dyté et al., 2010; Munoz et al. 2004) and young adults (S66t et al., 2005),
probably due to high-volume, high impact training and the involvement at a
relatively early age (Tournis et al., 2010). It has been found that BMD values
are significantly higher in early pubertal (Munoz et al., 2004), adolescent (Gruo-
dyté et al., 2010; Munoz et al., 2004) and adult (Helge & Kanstrup, 2002; S66t
et al., 2005) rhythmic gymnasts compared to untrained controls. Intensive
rhythmic gymnastics trainings in premenarcheal girls are associated with posi-
tive effects on the skeleton, especially in cortical bone, characterized by in-
creased bone mineral mass and improved geometric properties (Tournis et al.,
2010). Bareither et al. (2008) found that habitual gymnastics trainings signifi-
cantly increase distal radius strength also in older women, thereby reducing the
incidence of fracture. Skeletal adaptations to mechanical loading have site-
specific impact through higher muscle mass and strength because muscle and
bone are biomechanically linked (Courteix et al., 1999; Daly et al., 2004;
Dowthwaite et al., 2012; Heinonen et al., 2001). Rhythmic gymnastics stimu-
lates bone resorption activity and bone turnover in 11.9+£2yr girls (Jaffré et al.,
2001), and higher rate of bone turnover in rhythmic gymnasts compared with
untrained controls induces also a higher BMC (Courteix et al., 2007).

Whether the advantage of an active lifestyle during childhood is maintained
through the young adult years or affects later fracture risk is not still clear
(Georgopoulos et al., 2004), but the encouraging evidence does exist (Baxter-
Jones et al., 2008; Kontulainen et al., 1999). It is suggested that the benefits in
bone mineral development accrued from participating in high impact activities
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during childhood and adolescence may be retained into adulthood (Ducher et
al., 2006; Erlandson et al., 2012; Gunter et al., 2008; Kontulainen et al., 2002),
while other researchers have suggested that increases in bone mineral develop-
ment are lost when these activities cease (Karlsson et al., 2000; Khan et al.,
1996; Nordstrom et al., 2005; Valdimarsson et al., 2005) because bone formed
early in life is completely replaced during growth due to skeletal modeling and
remodeling (Gafni & Baron, 2007). It is reported that physically active children
and adolescents (8—15-year-old) had 8 to 10% more hip BMC in young adult-
hood (ages 23 to 30) when compared to less active peers, even after controlling
for their adult physical activity levels. This provides intriguing evidence of the
long-term benefits of childhood physical activity on adolescent and adult BMC
and supports conjecture that the promotion of physical activity in children could
help prevent osteoporosis in later life (Baxter-Jones et al., 2008). Similar results
were found by Janz et al. (2010) who claimed that early childhood may be an
important developmental period for the promotion of physical activity to
optimize peak bone mass during young adulthood and therefore it is possible to
prevent osteoporosis during later years. It has also been found that mechanical
loading during rhythmic gymnastics training in childhood yields skeletal
advantages that persist at least 24 months after loading cessation and menarche
(Scarpella et al., 2010). In addition, other study from same researchers showed
that despite of brief de-training losses in BMD and BMC values, significant
benefits appear to persist for at least four years beyond rhythmic gymnastics
activity cessation into early adulthood (Scarpella et al., 2011).

In summary, it is known that several factors including high impact activity
affect bone mineral parameters in childhood. Several studies have shown that
rhythmic gymnastics training beneficially affects the development of BMD
during puberty. However, there are less data on specific bone mineral accrual
during prepubertal years close to puberty in rhythmic gymnasts who start to
exercise with relatively high training loads at a relatively early age. In girls,
greater attention should be paid to pre- and also perimenarcheal period, when
large amount of lumbar adult peak bone mineral mass is acquired (Heaney et
al., 2000).

2.2. Anthropometry, body composition and
bone mineral parameters

Body mass has been considered as one of the strongest predictors of BMD
(Reid, 2002; Rhie et al., 2010). Although bone mineral mass in obese indi-
viduals compared with lean subjects contributes only ~0.5 kg (1%) of total body
mass (Cifuentes et al., 2003), it is about 20% of total mineral content, thus
making a substantial contribution to the higher risk of osteoporosis in lean
individuals compared with overweight subjects (Shapses & Riedt, 2006). The
benefits of higher BMD disappear during weight loss (Ensrud et al., 2005). Who
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loose the most weight tended to loose the most BMD (Salamone et al., 1999)
and in normal-weight individuals the bone loss is greater (>1%) than in
overweight or obese people (<1%) (Nguyen et al., 1998). So it may assume that
higher body mass (FM and FFM) has beneficial effect on bone mass.

Recent reports indicate that FM and FFM are related to BMD values also in
prepubertal girls (Rhie et al., 2010). A significant relationship between FFM
and BMD has been found in healthy prepubertal (Hrafnkelsson et al., 2010;
Rhie et al, 2010) and adolescent (Fonseca et al., 2008) children, and also in
adult females (Hogler et al., 2003) including rhythmic gymnasts (Courteix et al.,
1999; Vicente-Rodriguez et al., 2007). Fonseca et al. (2003) claimed that FFM
is the main predictor of bone mass at least during the adolescence, regardless of
gender. There is also a significant relationship between FFM and BMC values.
Ashby et al. (2011) found that females (5—18-year-old) accrue more BMC in
relation to FFM, in comparison to males, at most skeletal sites.

Studies in children have yielded conflicting results with regard to the
relationships between FM and BMD (Ackerman et al., 2006; Janicka et al.,
2007). Fat mass is an independent risk factor for osteoporosis but has also a
positive effect on the development of bone mass through the weight-bearing-
loading (Hsu et al., 2006) and by the adipose-modulated biochemical signals of
appetite regulation and energy homeostasis (Garnett et al., 2004; Pacifico et al.,
2009). It has been found that adipose tissue is a positive independent deter-
minant of bone mass (Ackerman et al., 2006; Clark et al., 2006; Thomas et al.,
2001), and a negative predictor of BMD (Janicka et al., 2007; Lazcano-Ponce et
al., 2003; Pollock et al., 2007; Young et al., 2001) and also of BMC (Hrafnkels-
son et al., 2010; Lazcano-Ponce et al., 2003; Skaggs et al., 2001; Weiler et al.,
2000) in young healthy females. Some authors claim that FM is not related to
bone development outcomes (Petit et al., 2005). Furthermore, Cole et al. (2012)
claimed that FM is negatively associated with volumetric BMD in children,
independent of FFM, despite positive associations with bone size. Although
childhood obesity seems to be slightly associated with trabecular bone in
adulthood in both weight-bearing and nonweight-bearing bones among obese
premenopausal women, obesity is not associated with cortical density, neither is
childhood obesity associated with total cross-sectional bone area (Uusi-Rasi et
al., 2010). Farr et al. (2010) found significant correlations between FM and
volumetric BMD, bone geometry, and indices of bone strength, while these
relationships were no significant after adjustment for muscle cross-sectional
area in 8—13-year-old girls. Weeks and Beck (2008) suggested that while
obesity is represented by increased body mass, and thus the mass needed to
move during habitual activities, the incident muscular contractions, particularly
the magnitude of force, the rate of force production, and the total amount of
contractions play a more important role than body mass. Although body mass
alone imposes relatively small and static load on bones (corresponding to
Earth's gravity), the load can be substantially amplified in different activities by
muscle actions.
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The advantage of higher body mass to bone mass during childhood is
probably maintained through the young adult years. Javaid et al. (2011) found in
a study of 6370 Finnish women that reduction in body mass index gain between
1-12 years of age is associated with an increased risk of hip fracture in later life.
Potential explanations discussed by the authors were firstly, a difference in
pubertal timing and secondly, a slowing of growth in response to adverse
environmental influences. In conclusion the authors claimed that thinness in
childhood is a risk factor for hip fracture in later life by a direct effect of low
FM on bone mineralization. Viljakainen et al. (2011) found also that besides
high body fat content, also a low body fat content has adverse effects on bone
development.

The relationships between different body composition and BMD variables
seem to be site-specific in young female gymnasts (Dowthwaite et al., 2012).
One of the reason might be because of positive correlations between BMD and
maximal muscle strength (Helge & Kanstrup, 2002), because bone is a dynamic
tissue that adapts its mass and architecture to best the physical forces to which it
is regularly subjected (Lanyon & Rubin, 1984). Accordingly, it could be
suggested that there is a relationship between body mass and BMD regardless
whether it is FM or FFM (Rhie et al., 2010; Van Langendonck et al., 2004).
Still it is not clear how lower body mass affects bone development in children
who are physically very active and have probably lower energy intake. Micho-
poulou et al. (2011) compared 10—12-year-old rhythmic gymnasts and sedentary
age-matched females and found that although both groups demonstrated
comparable daily energy intake, rhythmic gymnasts exhibited a higher daily
energy expenditure resulting in a daily energy deficit.

In prepubertal children, BMD is inversely correlated with body fat per-
centage (Specker et al., 2001). Similarly, studies in adults have shown positive
correlations between BMI and BMD, and body fat percent and BMD (Reid et
al., 1992). In prepubertal children, waist circumference and subscapular skin-
fold are positively correlated with bone mass parameters (Tubié et al., 2011).
Slameda et al. (1990) found that in adult females each of the anthropometric
measurements (subscapular skinfold, calf circumference and biacromial width)
were independent significant predictors of bone mineral mass, even when
height, body mass and age were included in the models. Arm span has not been
significantly correlated with BMD in young adults and postmenopausal women,
but together with height low correlation with bone mineral density occured
(Trivitayaratana et al., 2001). Bone mineral density appeared to be related to
trunk skeletal parameters and leg skinfolds in endurance- and strength trained
sedentary normal-weight and overweight young females (Jiirimée et al., 2005).

In summary, it has been found that body composition parameters and diffe-
rent skinfold thicknesses, circumferences and widths are correlated with bone
mineral parameters at least in adult females. However, to our best of know-
ledge, there is not available any information about the relationship of specific
anthropometric (skinfolds, girths, lengths, breadths) and body composition para-
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meters with different bone mineral values in a specific group of prepubertal
rhythmic gymnasts.

2.3. Adipocytokines, ghrelin and
bone mineral parameters

Adipose tissue is a metabolically active tissue, secreting a variety of adipocyto-
kines that modulate biological functions. Among numerous adipose-modulated
biochemical signals that may participate in energy homeostasis and contribute
to the relationship between FM and BMD in normal weight children and
adolescents are leptin (Garnett et al., 2004; Gruodyté et al., 2010), adiponectin
(Huang et al., 2004; Misra et al., 2007) and ghrelin (Pacifico et al., 2009).
Leptin and adiponectin are cytokine-like hormones, secreted by adipocytes, and
carry signals from adipose tissue to bone tissue and contribute to the relation-
ship between FM and BMD (Huang et al., 2004; Jirimde & Jirimde, 2007;
Misra, 2008). For example, leptin receptors may be present in osteoblasts,
allowing a direct effect of leptin on these cells (Thomas et al., 1999). Chronic
physical exercise decreases leptin (Jiirimée et al., 2011; Plonka et al., 2011) and
increases adiponectin (Jiirimde et al., 2011; Kriketos et al., 2004; Simpson &
Singh, 2008) concentrations, and the expression of adiponectin receptors in
muscle (Blither et al., 2007). Accordingly, these findings may suggest that
adipocytokines and also ghrelin may have beneficial effects on bone mineral
parameters.

Circulating leptin concentrations steadily increase with increasing pubertal
stages in girls (Garcia-Mayor et al., 1997), and decrease when energy intake is
restricted and increases when body fat is increased (Ambroszkiewicz et al.,
2011; Jirimde et al., 2010; Hassink et al., 1996). Leptin may regulate bone
mineral mass concurrently with changes in body mass (Zanker & Hind, 2007).
Leptin has direct effect on bone tissue by stimulating proliferation and differen-
tiation of osteoblasts at least in adults (Thomas et al., 1999; Yamauchi et al.,
2001) and inhibiting osteoclastogenesis (Holloway et al., 2002) in vitro. In vivo
studies no correlations between circulating leptin and BMD in middle-aged and
older women have been found (lida et al., 2011; Martini et al., 2001), while
Rhie et al. (2010) found leptin as an independent predictor of femoral BMD in
prepubertal girls. Accordingly, the relationships between leptin and BMD may
be age dependent (Sherk et al., 2011). Leptin also affects bone development
through its actions on the central nervous system, in particular the hypothalamus
(Elefteriou et al., 2005). Leptin is directly related to FM as well as to BMD in
normal weight prepubertal girls (Garnett et al., 2004; Rhie et al., 2010), while
the impact of lowered leptin concentrations on bone mineral mass acquisition
remains still questionable in prepubertal and pubertal female rhythmic gymnasts
in the presence of elevated energy expenditure and reduced FM (Courteix et al.,
2007; Munoz et al., 2004). Gruodyté et al. (2010) found independent
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relationship of circulating leptin with lumbar spine (LS) and femoral neck (FN)
BMD values in pubertal rhythmic gymnasts, while Maimoun et al. (2010b)
found no direct role of leptin on bone mineral mass acquisition during pubertal
development in rhythmic gymnasts. It has been suggested that the hypoleptine-
mia induced by intensive and stressful trainings in the presence of elevated
energy expenditure and reduced FM do not affect bone development in
rhythmic gymnasts during puberty (Courteix et al., 2007; Lou et al., 2006).
However, the role of leptin on bone development in the conditions of chronic
elevated energy expenditure and lower FM in rhythmic gymnasts during pre-
puberty is not known.

Adiponectin may be a hormone linking bone and fat metabolism because
adiponectin and its receptors are expressed in human osteoblasts and the
receptors have been identified also in osteoclasts (Berner et al., 2004). Adipo-
nectin has been suggested to promote osteogenesis, increase osteogenetic
markers and augment osteoblast differentation (Lee et al., 2009; Lou et al.,
2006), suggesting that adiponectin could be therapeutically beneficial for
patients with osteopenia (Oshima et al., 2005). It is also suggested that higher
adiponectin concentrations may cause increased osteoclastic activity and low
BMD values (Luo et al., 2006). Adiponectin might be inversely related to FM
and BMI in overweight and obese children (Cambuli et al., 2008), in
amenorrheic physically active women (O’Donnell & De Souza, 2011) and in
obese and non-obese adults (Arita et al., 1999;); to BMD in healthy and
anorectic adolescents (Misra et al., 2007), pre- and postmenopausal women
(Biver et al., 2011; lida et al., 2011; Richards et al., 2007) and in elderly men
(Basurto et al., 2009), while different studies have reported that adiponectin
probably do not predict BMD among prepubertal girls (Rhie et al., 2010),
female athletes (Gruodyté et al., 2010; Russell et al., 2009) and perimenoausal
women (Kontogianni et al., 2004). Barbour et al. (2012) found that in women,
higher adiponectin levels predicted greater hip whole body areal bone mineral
density loss independent of age, race, BMI, diabetes and weight change. In
another study, Donoso et al. (2010) found positive relationship between
adiponectin and BMD in 10.5+1.4 yrs ballet dancers, with high circulating
adiponectin levels and normal BMD, possibly because of intense exercise.
Specifically, it was suggested that intense exercise increased adiponectin levels
and this maintained a normal BMD in young ballet dancers. Recently, similar
results were found in a group of amenorrheic physically active women
(O'Donnell & De Souza, 2011).

Ghrelin is mainly secreted in the stomach (Kojima et al., 1999) and in
smaller amounts from renal, pituitary, and hypothalamus cells (van der Lely et
al., 2004). Ghrelin regulates a large array of endocrine and also non-endocrine
functions, regulates food intake, energy balance, and has a control of adiposity
(Tena-Sempere, 2005). Ghrelin levels increase with weight loss (Ackerman et
al., 2012; Harada et al., 2008; Kojima et al., 2005; Misra et al., 2005b), and
decrease with increasing age over childhood and from prepuberty to puberty
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(Kletter et al., 2002; Whatmore et al., 2003). Ghrelin may also influence bone
mineralization in children and adolescents (Pacifico et al., 2009), and also in
women (Napoli et al., 2011). It has been found that ghrelin secretion predicted
lumbar spine and hip BMD independently of body composition, growth
hormone-insulin-like growth factor-I (GH-IGF-I) axis or sex steroids in adole-
scent girls (Misra et al., 2005b), while other studies have demonstrated that
ghrelin concentration has no direct influence on the development of BMD
values in adolescent female athletes (Jirimée et al., 2010), in healthy post-
menopausal women (Jiiriméde et al., 2008) and also in middle-aged men (Oh et
al., 2005). Studies have showed that ghrelin had a direct effect on BMD pro-
moting bone resorption by osteoclasts (Costa et al., 2011), and osteoblast
proliferation, differentiation and calcified accumulation (Fukushima et al.,
2005; Kim et al., 2005; Maccarinelli et al., 2005). It is also found that ghrelin is
negatively associated with bone age in adolescent boys (El-Eshmawy et al.,
2010). Accordingly, to date, the reports on the relationship between circulating
ghrelin concentration and bone mineralization remains contradictory.

In summary, there are several contradicting results about adipocytokines,
ghrelin and bone mineral density in childhood and adulthood. Nevertheless, the
possible relationships of leptin, adiponectin and ghrelin with the development of
BMD remain questionable in a specific group of prepubertal rhythmic
gymnasts. Since different adipocytokines are produced by adipose tissue, and
FM is a strong determinant of BMD in healthy girls (El Hage et al., 2009), it
could be suggested that adipocytokines and ghrelin may be related to bone
development in prepubertal girls.

18



3. AIM AND PURPOSES OF THE STUDY

The general aim of the current thesis was to investigate possible associations
between specific anthropometric, body composition and hormonal values with
bone mineral parameters and the prediction of bone mineral development by
baseline measured hormone and body composition variables during one year in
prepubertal rhythmic gymnasts and untrained controls.

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

were to:

1.

evaluate relationships of specific anthropometric (skinfolds, girths, lenghts
and breadths) and body composition (fat mass and fat free mass) parameters
with bone mineral (BMD and BMC) values in prepubertal rhythmic gym-
nasts and age-matched untrained controls (Study I);

. determine relationships of adipocytokine (adiponectin and leptin) and ghre-

lin concentrations with BMD parameters in prepubertal rthythmic gymnasts
and age-matched untrained controls (Study II);

. investigate relationships between a normal increase in BMD values after 12-

month study period with the baseline adipocytokine (adiponectin and leptin)
and ghrelin concentrations and body composition (fat mass and fat free
mass) parameters in prepubertal rhythmic gymnasts and age-matched un-
trained controls (Study III).
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4. METHODS

4.1. Participants and experimental design

In total, 89 7-9-year-old prepubertal girls from different schools and sport clubs
in Tartu (Estonia) participated in the first year cross-sectional study (Studies I
and II). They were divided into rhythmic gymnasts (RG; n = 46) and untrained
controls (UC, n = 43). In the 12-month prospective study (Study III), the
number of participants was cut to 68 (RG = 33; UC = 35) due to the fact that
some rhythmic gymnasts finished their gymnastic trainings, and some of the
untrained controls started regular trainings in different sport disciplines (e.g.,
volleyball) during the 12-month study period (Figure 1).

All rthythmic gymnasts had trained usually 10—12 hrs per week (56 training
sessions per week) for the past two years before starting the study. However,
there were some easier periods in their trainings, when rhythmic gymnasts
trained a mean six hours per week (three training sessions per week). All these
rhythmic gymnasts were training in the same club and had very similar training
lessons (ballet, acrobatics and rhythmic gymnastics trainings). Most training
sessions lasted 2 hrs and consisted of a warm-up, routine training, and strength
and stretching exercises. All rhythmic gymnasts were competing at the national
level. Untrained controls had compulsory physical education classes 2—3 times a
week at school. Participation only in physical education classes was inclusion
criteria for untrained control subjects.

All participants were free from present or past diseases known to affect
skeletal metabolism, and none of the girls were receiving medications known to
affect bone. Throughout the study period, no restrictions were placed on dietary
intake and participants consumed their usual everyday diet. All rhythmic
gymnasts, untrained controls and their parents gave their written informed
consent before entering the study. All prodecures were reviewed and approved
by the Medical Ethics Committee of the University of Tartu (Estonia) and were
explained to the children and their parents.

Participants were tested once a year at the same time during a 12-month
study period. All testing at both times was completed during one visit to the
laboratory. A venous blood sample was taken in the morning after an overnight
fast. Anthropometric parameters were measured and a self-assessment of
pubertal development was performed after a light breakfast. This was followed
by the measurement of bone age by X-ray of the left hand. Finally, body com-
position and bone mineral assessments were performed by dual energy X-ray
absorptiometry (DXA).
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STUDY I-I (n=89)
Rhythmic gymnats n=46 Untrained controls n=43

| [Drop-out n=13] !

STUDY III (n=68)
Rhythmic gymnats n=33 Untrained controls n=35

Figure 1. Tracking of the study population (7-9-year-old girls from different schools
and one gymnastic club in Estonia).

4.2. Biological age

Biological age of the participants was assessed on the basis of self-assessment
of breast and pubic hair stages using an illustrated questionnaire of pubertal
stages according to the method of Tanner (1962). Pubertal development assess-
ment according to the method of Tanner, which uses self-assessment of of
breast and pubic hair stage in girls, has been previously validated (Leone &
Comtois, 2007; Matsudo & Matsudo, 1994) and used in our previous laboratory
studies with girls (Gruodyte et al., 2010; Jiirimée et al., 2007). The participants
were given photographs, figures and descriptions of breast and pubic hair
development stages, and asked to choose the one that most accurately reflected
their appearance. In both measurement times, all girls were in Tanner stage 1.
Bone age was assessed with an X-ray of the left hand and wrist, and determined
according to the method of Greulish and Pyle (1959).

4.3. Anthropometric measurements

Body height was measured using a Martin metal anthropometer to the nearest
0.1 cm according to the standard technique, and body mass was measured with
minimal clothing to the nearest 0.05 kg with a medical electronic scale (A&D
Instruments, Ltd, Abingdon, UK). Body mass index (BMI; kg/m?) was cal-
culated as body mass (kg) divided by square of body height (m?).
Anthropometric parameters were measured according to the protocol recom-
mended by the International Society for Advancement of Kinanthropometry
(ISAK) (Marfell-Jones et al., 2006). Nine skinfolds (triceps, subscapular, bi-
ceps, iliac crest, supraspinale, abdominal, front thigh, medial calf and mid-
axilla) were measured using Holtain (Crymmych, UK) skinfold caliper.
Thirteen girths (head, neck, arm relaxed, arm flexed and tensed, forearm, wrist,
chest, waist, gluteal [hip], mid-thigh, thigh [mid trochanter-tibiale-laterale],
calf and ankle) and eight lengths (acromiale-radiale, radiale-stylion,
midstylion-dactylion, iliospinale height, trochanterion height, trochanterion-
tibiale laterale, tibiale-laterale height, tibiale mediale-sphyrion tibiale) and

21



eight breadths (biacromial, biiliocristal, foot length, sitting height, transverse
chest, anterior-posterior chest depth, biepicondylar humerus, biepicondylar
femur) were measured using the CENTURION KIT instrumentation (Rosscraft,
Surrey, BC, Canada). All anthropometric measurements were performed by a
well-trained anthropometrist (Level 1 ISAK anthropometrist) and the mean of
three trials was used in the analysis.

4.4. Body composition and bone mineral parameters

Body composition (body fat %, FM, and FFM), and BMD (g/cm?) from whole
body (WB), lumbar spine (LS; L2-L4) and femoral neck (FN) were measured
by dual-energy x-ray absorptiometry (DXA) using the DPX-IQ densitometer
(Lunar Corporation, Madison, WI, USA) equipped with proprietary software,
version 3.6. Participants were scanned in light clothing while lying flat on their
backs with arms on their sides. The fast scan mode and standard subject
positioning were used for total body measurements, which were analyzed with
the use of the extended analysis option. DXA measurements and results were
evaluated by the same examiner. Coefficients of variations (CVs) for the DXA
measurements were less than 2%.

4.5. Blood analysis

Venous blood samples were drawn in both years between 7:30 and 8:30 AM after
an overnight fast from an antecubital vein with the participant sitting in the
upright position. The plasma was separated and frozen at —20 °C for later analysis.
Adiponectin was determined in duplicate via commercially available radio-
immunoassay (RIA) kit (cat. No. HADP-61HK, Linco Research, St. Charles,
MO, USA), the intra- and interassay CVs were <7%, and the least detection limit
was | pg/ml. Leptin was determined in duplicate by RIA (Mediagnost GmbH,
Reutlingen, Germany) and this assay has the intra- and inter-assay CV values less
than 5%, and the least detection limit was 0.01 ng/ml. Ghrelin was also
determined in duplicate using a commercially available RIA kit (Linco Research,
St. Charles, MO, USA). The sensitivity of this kit was 93 pg/ml, and the intra-
and inter-assay CVs were <10% and 14.7%, respectively.

4.6. Statistical analysis

Standard statistical methods were used to calculate the means (X) and standard
deviations (+SD). Normality of parameters was controlled by the Kolmogorov-
Smirnov test. Differences between groups were calculated using an independent
t-test. Paired t-tests were performed to determine changes in measured variables
over the 12-month study period. Comparisons between chronological age and
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bone age were also performed using a paired t-test. The least significant change
(LSC) for the measured BMD variables was also calculated (Leonard et al.,
2009) resulting in an LSC of 3.1% at the measured sites. Correlation coeffi-
cients and stepwise multiple regression analysis were applied to examine
relationships between measured variables. The level of significance was set at
p<0.05 for all statistical analysis.
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5. RESULTS

5.1. Relationships between anthropometric,
body composition and bone mineral parameters

Mean physical characteristics in rhythmic gymnasts and untrained controls are
presented in Table 1. There were not any significant differences (p>0.05)
between groups in mean age, body height, body mass, BMI, FFM and WB
BMC. Body fat % and FM were significantly lower (p<0.05) in thythmic gym-
nasts compared with untrained controls. Bone mineral density at WB, LS and
FN were significantly higher in rhythmic gymnasts (Table 1). All measured
skinfold thicknesses were significantly thinner in rhythmic gymnasts (Table 2).
Neck, forearm and thigh girths (Table 3), acromiale-radiale length (Table 4) and
sitting height (Table 5) from measured breadth parameters were lower (p<0.05)
in rhythmic gymnasts compared with untrained controls. All other measured
girth, length and breadth values were not different (p>0.05) between studied
groups.

Table 1. Mean (£SD) physical and blood biochemical characteristics in prepubertal
rhythmic gymnasts (RG) and untrained controls (UC).

Variable RG (n=46) UC (n=43)
Age (yr) 8.0+0.6 8.2+0.6
Bone age (yr) 7.9£1.3 7.8£1.2
Height (cm) 130.2+5.2 129.6+5.4
Body mass (kg) 272433 27.945.1
BMI (kg/m?) 16.0£1.3 16.542.2
Body fat (%) 19.8+5.5 24.3+7.0#
Fat mass (kg) 5.242.0 6.7+2.9#
Fat free mass (kg) 20.4+2.0 19.8+2.4
Lumbar spine BMD (g/cm®) 0.75+£0.07 0.69+0.08#
Femoral neck BMD (g/cm®) 0.78+0.07 0.71£0.07#
Whole body BMD (g/cm?) 0.87+0.04 0.84+0.05#
Whole body BMC (kg) 1.0+0.1 1.0+0.2
Leptin (ng/ml) 2.4+1.7 4.1+£2.5#
Adiponectin (pg/ml) 9.9+£3.9 10.1+4.0
Ghrelin (pg/ml) 1435.9+502.1 1190.44+375.2#

# Significantly different from RG (p<0.05)

All measured skinfolds (Table 2) and girths (Table 3) were not related (p>0.05)
to WB and areal BMD values in rhythmic gymnasts. In addition, supraspinale
and abdominal skinfolds (Table 2) and neck, arm (relaxed), forearm, wrist,
chest, gluteal, thigh, mid-thigh and calf girths (Table 3) were related (p<0.05) to
WB BMC in rhythmic gymnasts. In contrast, all measured skinfolds (Table 2)
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and girths (Table 3) were significantly correlated (p<0.05) with WB BMD
(except iliac crest skinfold), WB BMD, WB BMC and LS BMD values, while
no relationship (p>0.05) was observed between measured skinfolds and girths
with FN BMD in untrained controls.

No relationships (p>0.05) were observed between measured lengths (Table
4) and breadths (except transverse chest) (Table 5) with WB BMD in rhythmic
gymnasts. In untrained controls, almost all measured lengths (Table 4) and
breadths (Table 5) were related to WB BMD and WB BMC values. In addition,
radiale-stylon, midstylion-dactylion, iliospinale height, trochanterion height,
trochanterion-tibiale laterale, tibiale laterale height and tibiale mediale-sphyrion
tibiale from lengths (Table 4) and biacromial, foot length, transverse chest and
femur from breadths (Table 5) were related (p<0.05) to WB BMC in rhythmic
gymnasts. While iliospinale height, trochanterion height and tibiale-laterale
height from length parameters were related (p<0.05) to LS BMD in rhythmic
gymnasts, all length values (except trochanterion-tibiale laterale) were related
(p<0.05) to LS BMD in untrained controls (Table 4). Midstylion-dactylion,
iliospinale height, trochanterion height, trochanterion-tibiale laterale and tibiale-
laterale height from length values were related (p<0.05) to FN BMD in
rhythmic gymnasts. No relationships (p>0.05) between measured length values
and FN BMD were observed in untrained controls (Table 4). Only transverse
chest and foot length from breadth values were related (p<0.05) to LS and FN
BMD values in rhythmic gymnasts, respectively (Table 5). In comparison, all
breadth values were related (p<0.05) to LS BMD, while no relationships
(p>0.05) were observed between measured breadths and FN BMD in untrained
controls (Table 5).

Only body mass and FM were related (p<0.05) to WB BMD, height was
related (p<0.05) to LS BMD and chronological age was related (p<0.05) to FN
BMD from the basic anthropometric and body composition parameters in
rhythmic gymnasts (Table 6). All measured basic anthropometric and body
composition parameters were related (p<0.05) to WB BMC in rhythmic
gymnasts. In untrained controls, all measured basic anthropometric and body
composition characteristics were related to WB BMD, WB BMC and LS BMD
values, while no relationship was observed with FN BMD value (Table 6).
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5.2. Adipocytokine and ghrelin levels
in relation to bone mineral density

Rhythmic gymnasts presented significantly (p<0.05) lower and higher values
for leptin and ghrelin concentrations, respectively, in comparison with untrained
control subjects (Table 1). No differences (p>0.05) were observed for adipo-
nectin levels between studied groups. Whole-body and LS BMD values were
significantly correlated (p<0.05) with leptin concentration in untrained control
subjects (Table 6). Femoral neck BMD was only related (p<0.05) to ghrelin
concentration in untrained control subjects (Table 6). No significant correlations
(p>0.05) were found between measured BMD values and adiponectin in
rhythmic gymnasts and untrained controls (Table 6).

In rhythmic gymnasts, stepwise multiple regression analysis revealed a
significant association only between WB BMD and FM, where FM explained
11.3% of the variability in WB BMD (Table 7). In untrained controls, FFM was
the most significant predictor of WB and LS BMD, explaining 40.9% and
55.6% of the variability in WB and LS BMD values, respectively. When the
influence of bone age, BMI, FM, and FFM was excluded, leptin concentration
was the most important hormonal predictor of WB and LS BMD in the control
group, explaining 17.5% in WB BMD and 27.2% in LS BMD (Table 7). In
addition, stepwise multiple regressioon analysis demonstrated that ghrelin was
the most significant predictor of FN BMD, explaining 14.7% of the variability
in the untrained controls (Table 7).

Table 7. Results of stepwise multiple regression analysis with whole-body (WB),
lumbar spine (LS) and femoral neck (FN) bone mineral density (BMD) as dependent
variables and bone age, body mass index (BMI), fat mass (FM), fat free mass (FFM),
leptin, adiponectin and ghrelin as independent variables (R* x 100; p<0.05) in rhythmic
gymnasts (RG) and untrained controls (UC).

Independent variables RG uC
LS BMD FFM — 55.6
Leptin* - 27.2
FN BMD Ghrelin - 14.7
WB BMD FM 11.3 -
FFM - 40.9
Leptin* - 17.5

* After excluding the influence of bone age, BMI, FM and FFM

5.3. Changes in bone mineral density values after
12-month period in relation to baseline body composition,
and adipocytokine and ghrelin concentrations

Mean age, bone age, height (+ 4.8%), body mass (+ 8.5%), body fat %
(+ 5.4%), FM (+ 5.8%), FFM (+ 9.8%), WB BMD (+ 3.4%), LS BMD

31



(+ 6.7%), FN BMD (+ 6.4%) and adiponectin (+ 14.1%) were significantly
increased (p<0.05), while ghrelin (- 17.2%) was significantly decreased (p<0.05)
after 12-month study period in rhythmic gymnasts (Table 8). No changes
(p>0.05) in BMI and leptin were observed over 12-month study period in
rhythmic gymnasts. In untrained controls, significant increases (p<0.05) in mean
age, bone age, height (+ 4.9%), body mass (+ 12.9%), BMI (+ 2.4%), FM (+
19.6%), FFM (+ 11.1%), WB BMD (+ 3.6%), LS BMD (+ 7.2%), FN BMD (+
5.6%), leptin (+ 22.0%) and adiponectin (+ 17.8%) were observed. In addition,
significant decreases (p<0.05) in ghrelin (- 30.3%) occurred over 12-month study
period in untrained controls (Table 8). Therefore, the increases in bone age over
12-month study period were significantly lower (p<0.05) in rhythmic gymnasts
compared with untrained controls, while the increases in LS BMD over 12-month
study period were significantly higher (p<0.05) in rhythmic gymnasts when
compared with untrained controls. Changes in all other measured variables over
12-month study period were not significantly different (p>0.05) between studied
groups. In addition, the increases in measured BMD variables in both groups were
higher with respect to the calculated LSC of 3.1%.

Changes in WB and LS BMD values were significantly related (p<0.05) to
baseline age, while changes in FN BMD were significantly related to baseline
height and body mass values in rhythmic gymnasts (Table 9). All other
relationships between changes in BMD values with measured body composition
and blood biochemical variables were not significant (p>0.05) in rhythmic
gymnasts. In addition, stepwise multiple regression analysis revealed that mea-
sured baseline independent variables did not predict (p>0.05) increases in BMD
values over 12-month study period in rhythmic gymnasts. Increases in WB
BMD were significantly correlated (p<0.05) with baseline height, body mass,
BMI, body fat percent, FM, FFM, leptin and ghrelin values in untrained
controls (Table 9). No significant correlations were observed between increases
in LS BMD and measured baseline body composition and blood biochemical
variables, while increases in FN BMD were related to baseline height, body
mass, FFM and adiponectin values in untrained controls (Table 9). In untrained
controls, stepwise multiple regression analysis demonstrated that baseline FM
and FFM values together were the most significant predictors of AWB BMD
and AFN BMD values, explaining 25.2% and 15.7% of the variability in AWB
BMD and AFN BMD values, respectively. When the influence of baseline bone
age, BMI, FM and FFM was excluded, baseline ghrelin and adiponectin
concentrations were the most important hormonal predictors of AWB BMD and
AFN BMD values in the untrained control group, explaining 15.5% in AWB
BMD and 15.3% in AFN BMD values, respectively. In addition, stepwise
regression analysis demonstrated no association (p>0.05) between ALS BMD
and measured baseline independent variables in untrained controls.
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6. DISCUSSION

6.1. Relationships between anthropometric, body
composition and bone mineral parameters in prepubertal
rhythmic gymnasts compared with untrained controls

One of the main finding was that relatively young prepubertal rhythmic gym-
nasts have similar values with untrained controls in body height, body mass,
BMI and FFM. However, body fat percentage and FM were significantly lower
and BMD in LS, FN and WB were significantly higher in rhythmic gymnasts
than in untrained controls. Skinfold thicknesses were thicker in untrained
controls. On the girths, lengths and breadths there were very few significant
differences between rhythmic gymnasts and untrained controls. Lower body
anthropometrical parameters were sensitive to LS BMD in untrained controls.
Similar relationships were absent in rhythmic gymnasts.

Rhythmic gymnasts are usually taller and thinner than untrained controls
(Cacciari et al., 2002; Claessens et al., 1992). In our study, there were no
differences in body height and body mass values between prepubertal rhythmic
gymnasts and untrained controls. However, our rhythmic gymnasts had signifi-
cantly lower FM and body fat percentage (see Table 1). Similarly, Courteix et
al. (2007) also found significantly lower FM among rhythmic gymnasts and
there were no significant differences between FFM compared to untrained
controls in their study. Thus, it appears that already prepubertal rhythmic
gymnasts have lower values in body FM, while there are no differences in body
mass compared to untrained controls.

There is little information available about the specific anthropometric para-
meters in relatively young prepubertal rhythmic gymnasts. Surprisingly, there
were not many significant differences in measured anthropometric parameters
except skinfold thicknesses between prepubertal rhythmic gymnasts and age-
matched untrained controls. Therefore, all skinfold thicknesses were thinner in
rhythmic gymnasts compared with untrained controls. This is understandable as
rhythmic gymnasts had also lower FM and fat percentage compared to
untrained controls.

Di Cagno et al. (2008) compared elite rhythmic gymnasts to sub-elite
rhythmic gymnasts (age 14.7 + 2.2 yrs) and found longer leg length and sitting
height in elite thythmic gymnasts. However, in our study rhythmic gymnasts
had significantly lower values in sitting height compared to untrained controls
and there were no differences in leg length between the studied groups. All
these different results in this study compared to Di Cagno et al. (2008) might be
caused by all the fact that girls in our study were very young and the differences
in anthropometric parameters, for example in leg length, body height and body
mass, might occur in later life.

Anthropometric parameters correlated significantly with LS and WB BMD
(but not with FN BMD) mostly in untrained controls but not in rhythmic
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gymnasts. Interestingly, some lower body girths, lengths and breadths were
critical parameters influencing LS BMD in untrained controls. To our best of
knowledge, these are the first results indicating that especially lower body
anthropometrical parameters are sensitive to the LS BMD development in
prepubertal untrained girls. In rhythmic gymnasts with high LS and FN BMD
values, specific anthrpometric parameters mostly did not correlate with mea-
sured BMD values.

In our study, rhythmic gymnasts had significantly higher BMD values in LS,
FN and WB compared to untrained controls (see Table 1). Courteix et al. (2007)
also found higher BMD values in the WB and LS in rhythmic gymnasts. Our
results confirm the finding that rhythmic gymnastics as a high-impact activity has
a strong impact on BMD development (Dowthwaite et al., 2006; Laing et al.,
2005; Ward et al., 2005) and rhythmic gymnastics has therefore similar effect on
bone development like artistic gymnastics (Dowthwaite et al. 2006). On the other
hand, there is one study reporting that artistic gymnastics had higher osteogenic
stimulus than rhythmic gymnastics (Vicente-Rodriguez et al., 2007). To our best
of knowledge, no study has yet reported morphological differences in 7-9-year-
old rthythmic gymnasts compared with untrained controls.

Impact-loading sport can increase BMD in the stressed sites of the skeleton
(Courteix et al., 1999) and the correlation between body composition and BMD
values seems to be also site-specific (Taaffe et al., 2000; Van Langendonck et
al., 2004). Our results confirmed these findings. Besides the site-specific effect,
body composition parameters seem to be more related to BMD values in
untrained controls than rhythmic gymnasts. Total body mass appears to be a
good predictor for bone mineral accrual in children (Lima et al., 2001).

Higher FM promotes higher BMD through the weight bearing activity (Hsu
et al., 2006). In rhythmic gymnasts, changes in body fat are related to changes
in BMD (Courteix et al., 1999). In our study, thythmic gymnasts had signi-
ficantly lower values for FM and body fat percentage compared with untrained
controls, while rhythmic gymnasts had significantly higher values for BMD in
all measured sides compared to the results in untrained controls. Untrained
control subjects had higher values in FM and they also had more significant
correlations with measured BMD values. These results show significant
relationships between FM and BMD values in untrained controls. However, it
can be suggested that thythmic gymnasts have higher values in BMD because
of the influence of the specific gymnastics training.

There were no significant differences in FFM between rhythmic gymnasts
and untrained controls (see Table 1). However, differences emerged in the
relationships between FFM and BMD between the two studied groups. In
untrained control group, FFM correlated significantly with WB BMD. Unlike
WB BMD value, WB BMC was significantly correlated with FFM in rhythmic
gymnasts (see Table 6). There was also a significant relationship between FFM
and WB BMC in untrained controls. In previous studies, change in FFM has
been strongly correlated with the change in WB BMC during linear growth
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(Lima et al., 2001; Vicente-Rodriguez et al., 2007; Young et al., 2001) and FFM
appears to be best predictor for WB BMC development (Vicente-Rodriguez et
al., 2007). The muscle-bone relationship during linear growth is explained by
the indirect osteogenetic effect theory — bigger muscles exert higher tensile
forces on the growing bones they attach (Rauch et al., 2002), and by direct
osteogenetic effect theory — exercise stimulate both muscle and bone develop-
ment (Vicente-Rodriguez, 20006).

It was surprising that at least two years of serious training with high energy
expenditure did not cause any delay in bone age maturation in relatively young
rhythmic gymnasts (mean chronological age 8.0 years). This finding differs
from the study by Maimoun et al. (2010a) in which prepubertal rhythmic
gymnasts at the mean age of 11.5 years had a significant delay in bone age
(mean 9.9 years). In a longitudinal study, Theintz et al. (1992) reported that
bone development in sedentary girls was particularly substantial after chrono-
logical age of 11 years at the skeletal sites of LS and FN, whereas the increment
fell dramatically after age 16 or two years after menarche. In addition, bone age
has been found to be delayed for 2 years in adolescent rhythmic gymnasts at the
average age of 16.2 years (Munoz et al., 2004). A 1l-year follow-up study in
peripubertal female rhythmic gymnasts who received intensive training showed
a significant increase in BMD at all bone sites throughout puberty, but the
maximal gain was around Tanner stage III (Maimoun et al., 2010a). Therefore,
it is very likely that our girls were too young (Tanner stage ) and in too narrow
age range to see any relationships between BMD and chronological age or bone
age in the first study-year. It is interesting to note that chronological age and
bone age were both significantly related to WB and LS BMD values only in
untrained controls but not in rhythmic gymnasts (see Table 6). These results
together suggest that bone age is not delayed in 8-year-old girls despite
increased physical activity levels for at least two years. Therefore, the possible
delay in bone age in rhythmic gymnasts may occur later, just before puberty.
However, we also agree that the narrow age range of the participants and the
probably homogeneous group of prepubertal rhythmic gymnasts may affect our
results. In addition, other factors that were not studied might also affect the
rhythmic gymnasts results, namely, intensity of physical activity, amount of
nutrition, and intake of vitamin D and minerals such as calcium and phosphate.

In summary, the results of our study show that the relationships between
anthropometry, body composition and bone mineral parameters are mostly
absent in prepubertal rhythmic gymnasts.
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6.2. Adipocytokine and ghrelin levels in relation to bone
mineral density in prepubertal rhythmic gymnasts
compared with untrained controls

In this study, possible differences in the relationships between adipocytokines,
ghrelin, and BMD values in prepubertal rhythmic gymnasts and untrained
control subjects were assessed. It was found that adipocytokine and ghrelin
levels were not significantly correlated with measured WB and areal BMD
parameters in female prepubertal rhythmic gymnasts. In contrast, leptin and
ghrelin were related to measured BMD values in untrained control subjects. It
appears that despite lower leptin and FM values, prepubertal rhythmic gymnasts
have higher BMD parameters.

Leptin concentrations in our 8-year-old rhythmic gymnasts were similar to
the results reported in previous studies with older prepubertal rhythmic gym-
nasts (Maimoun et al., 2010b). However, leptin values in prepubertal rhythmic
gymnasts were lower in comparison with rhythmic gymnasts who have already
reached puberty (Courteix et al., 2007; Gruodyté et al., 2010; Munoz et al.,
2004). In addition, leptin levels in these prepubertal rhythmic gymnasts were
significantly lower compared to the results obtained in age-matched untrained
control subjects (see Table 1). The mean lepin concentration in our untrained
controls was similar to a recent study in normal weight girls at the same age
(Rhie et al., 2010). The independent relationship between leptin concentration
and WB and LS BMD values was observed only in untrained prepubertal girls.
Other studies have also reported an independent effect of leptin on LS (Garnett
et al., 2004) and FN (Rhie et al., 2010) BMD values in untrained prepubertal
children. In contrast, Roemmich et al. (2003) did not find significant relation-
ships between leptin concentrations and WB BMD and areal BMD values in
children and adolescents. A recent study by Gruodyté et al. (2010) found
significant relationships between leptin levels and FN BMD and also LS BMD
in a group of 13- to 15-year-old adolescent rhythmic gymnasts, whereas Mai-
moun et al. (2010b) did not find leptin as an independent predictor of BMD in
elite female rhythmic gymnasts at different pubertal stages (age range 10.6—-17.2
years). Although some studies have provided evidence of leptin and bone
interaction in humans (Kaufman et al., 2002; Thomas et al., 1999), the impact
of leptin on growing human bone remains controversial (Maimoun et al.,
2010b). Accordingly, no relationship between leptin concentration and mea-
sured WB and areal BMD values was observed in prepubertal rhythmic
gymnasts. In a current study, the high training volume in a rhythmic gymnasts
group that caused higher energy expenditure may have influenced the
relationships between measured adipocytokines and bone mineral values.
Courteix et al. (2007) found that leptin concentrations in adolescent rhythmic
gymnasts were as low as those observed in anorectic subjects, while the
measured BMD values were greater in rhythmic gymnasts than in untrained
controls, concluding that physical activity counterbalanced the negative effect
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that low FM and lepin deficiency has on bone. Physical training has been shown
to have a direct effect on bone macro- and microarchitecture (Courteix et al.,
2007). The other reason might be that our rhythmic gymnasts were too young
and in a very narrow age range to show the variability in leptin levels that may
influence the relationship between the hormone and BMD.

It has been reported that adiponectin promotes osteogenesis, increasing
osteogenic markers and augmenting osteoblast differentiation (Lee et al., 2009),
suggesting that adiponectin may link bone and fat metabolism (Bliiher et al.,
2007). In accordance, our previous study revealed adiponectin to be an indepen-
dent predictor of BMD in healthy females (Jiirimde & Jiirimée, 2007). Misra et
al. (2007) demonstrated that adiponectin was a significant and independent
contributor of WB and areal BMD values in healthy adolescent girls compared
to girls with anorexia nervosa. Similarly to the recent study by Rhie et al.
(2010) in prepubertal children, we did not find any relationship between
adiponectin and measured BMD values in the two studied groups. In addition,
adiponectin concentrations were not different among prepubertal rhythmic
gymnasts and untrained control groups (see Table 1). It has been suggested that
chronic exercise causes increases in adiponectin concentration in adults
(Jurimie et al., 2011). Taken together, the results of the present study suggest
that in this young age group of girls adiponectin level is not directly related to
bone mineral parameters and is not influenced by the physical activity pattern.

Ghrelin directly promotes bone formation and increases BMD in rats
(Fukushima et al., 2005), but in humans these relationships are contradictory. In
this study, ghrelin was not related to measured BMD values in prepubertal
rhythmic gymnasts, whereas an independent relationship was observed between
ghrelin concentration and FN BMD in untrained control subjects. These results
are similar to those of Makovey et al. (2007), who found also an inverse
relationship between ghrelin and BMD, which was statistically significant only
for total hip after adjustment for FM, body size, and lifestyle factors.
Accordingly, the authors suggested that there is no evidence that ghrelin plays a
role in human bone metabolism. It was suggested, however, that the weight-
bearing nature of the hip site might partly explain the relationship between FN
BMD and ghrelin (Makovey et al., 2007). In contrast, no relationships between
circulating ghrelin and BMD values have been observed in adolescent athletes
with high energy expenditure values (Jiirimée et al., 2010). It has been shown
that ghrelin has proliferative effects on osteoblasts in cell culture (Maccarinelli
et al., 2005). However, of interest, Maccarinelli et al. (2005) reported that the
ghrelin effect on osteoblast proliferation was dose dependent: osteoblast
proliferation was seen only with lower doses of ghrelin, whereas no stimulating
effect was seen in higher ghrelin doses. Furthermore, Misra et al. (2005b)
speculated that very high ghrelin levels may even indirectly decrease osteoblast
proliferation. In accordance with other studies (Jirimée et al., 2007), our
prepubertal rhythmic gymnasts presented significantly higher ghrelin con-
centrations in comparison with untrained controls (see Table 1). The relatively
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high ghrelin levels caused by elevated energy expenditure observed in our
prepubertal rhythmic gymnasts may explain why we did not find a relationship
between ghrelin and measured BMD values. In accordance with these results,
high ghrelin concentrations in girls with anorexia nervosa and adolescent
athletes with amenorrhea had no direct influence on bone tissue (Misra, 2008).
Taken together, further longitudinal studies are necessary to clarify the role of
ghrelin in bone metabolism in girls with different physical activity patterns.

In conclusion, no significant relationships were found between leptin,
adiponectin, and ghrelin concentrations and BMD parameters in prepubertal
rhythmic gymnasts. In untrained control subjects, leptin correlated with WB and
LS BMD values, whereas ghrelin was related to FN BMD. Prepubertal rhythmic
gymnasts had greater measured bone parameters despite of lower FM values in
comparison with age-matched untrained controls.

6.3. Changes in bone mineral density values after
I2-month period in relation to baseline body composition,
and adipocytokine and ghrelin concentrations in rhythmic

gymnasts compared with untrained controls

The relationships between increased BMD values with baseline leptin, adipo-
nectin and ghrelin concentrations were studied in two different groups of
prepubertal girls. 12-month prospective study demonstrated significant changes
in measured adipocytokine, ghrelin and body composition variables in untrained
controls, while no significant increases in leptin concentrations were found in
rhythmic gymnasts over 12-month study period. Therefore, the increases in
measured BMD variables were higher with respect to the calculated LSC,
indicating normal growth of BMD values in both groups of prepubertal girls
over 12-month study period. In addition, while increases in adiponectin and
body composition variables, and decreases in ghrelin were not significantly
different (p>0.05) between studied groups, the increases in bone age over 12-
month study period were significantly lower (p<0.05) in rhythmic gymnasts
when compared with untrained controls, the increases in LS BMD over 12-
month study period were significantly higher (p<0.05) in rhythmic gymnasts
when compared with untrained controls. It appeared that initial body
composition variables together with measured adipocytokine and ghrelin levels
did not predict a normal growth in BMD values in prepubertal rhythmic
gymnasts. In contrast, it appeared that initial leptin and ghrelin concentrations
together with specific body composition variables were associated with an
increase in WB BMD value as a result of the 12-month observation period in
untrained prepubertal girls. However, initial adiponectin concentration together
with FFM was a significant predictor of an increase in FN BMD in control
subjects. These results suggest that due to mechanical loading, prepubertal
rhythmic gymnasts may have a beneficial effect on bone mineralization and
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may have counterbalanced the negative factors on bone development such as
low FM and leptin concentrations.

One of the main findings of the present investigation was that regular high-
impact weight-bearing athletic activity promoted significant annual gains in
bone mineral parameters in relatively young prepubertal rhythmic gymnasts
(see Table 8). The annual gain in BMD values in rhythmic gymnasts was close
to the results of Courteix et al. (1999), who found annual change rates of 0.04,
0.03 and 0.03 g/cm’/y at the WB, LS and FN BMD values, respectively, in
prepubertal thythmic gymnasts compared to 0.03, 0.05 and 0.05 g/cm*/y for our
subjects at the same skeletal sites. However, prepubertal girls in Courteix et al.
(1999) study were two years older (mean chronological age 10 yrs) compared to
our rthythmic gymnasts (mean chronological age 8 yrs) and had trained for 12—
15 hrs per week three years before starting the study. Similarly to previous
study (Courteix et al., 1999), the measured BMD values were greater at all
skeletal sites in our rhythmic gymnasts at the start of the study and one year
later, and the annual gain in LS BMD area was significantly higher (p<0.05) in
rhythmic gymnasts compared to the untrained controls. Interestingly, the results
of present study demonstrated that bone age (mean bone age 8.6 yrs) was
significantly lower (p<0.05) from chronological age after a 12-month study
period in our 9-year-old rhythmic gymnasts (see Table 8). In comparison, a
recent cross-sectional study by Maimoun et al. (2010a) suggested that pre-
pubertal rhythmic gymnasts at the mean chronological age of 11.5 years had a
significant delay in bone age (mean bone age 9.9 yrs), while Courteix et al.
(1999) found only a trend towards a lower bone age after 12-month study period
in highly trained prepubertal rhythmic gymnasts at the mean chronological age
of 11.6 years (mean bone age 11.0 yrs). Georgopoulos et al. (2010) indicated
that prepubertal stage is prolonged and pubertal development is shifted to a later
age following the bone maturation rather than the chronological age in elite
rhythmic gymnasts. Bone age has been reported to be delayed for two years in
rhythmic gymnasts at the average chronological age of 16.2 years (Munoz et al.,
2004). These results together suggest that since prepubertal rhythmic gymnasts
present significant annual gains in BMD and higher BMD values in comparison
with same chronological age untrained controls, they may also maintain higher
bone mineral values although bone age and biological maturation have been
delayed.

Another main finding of the present investigation was that leptin con-
centration was not significantly increased in prepubertal rhythmic gymnasts,
while leptin was significantly increased in untrained control subjects over 12-
month study period (see Table 8). The mean leptin values in our untrained
control subjects were similar to previous results in normal weight girls at the
similar age (Rhie et al., 2010). It has been reported that circulating leptin
concentrations start to rise in the prepubertal period from five years and
continue to progressively rise throughout puberty in healthy physically inactive
girls (Blum et al., 1997; Garcia-Mayor et al., 1997; Mann et al., 2003). While
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no significant increases in leptin concentrations were found in our rhythmic
gymnasts over 12-month study period from eight to nine years of age, Maimoun
et al. (2010b) reported that leptin concentrations rise in parallel with the
increase in FM in highly trained rhythmic gymnasts even with a reduced
amount of adipose tissue progressing from prepuberty to puberty. These results
together suggest that the specific physical activity pattern seen in our rhythmic
gymnasts during earlier prepubertal years may have counterbalanced the age-
dependent increase in circulating leptin concentrations and the increase in leptin
levels could be seen at the onset of puberty in a specific group of young
rhythmic gymnasts.

Baseline leptin concentrations did not predict increases in measured BMD
values over 12-month study period in rhythmic gymnasts, while leptin was
significantly correlated with AWB BMD in untrained controls. In accordance
with these results, our previous cross-sectional study found positive correlations
between leptin levels and WB and LS BMD only in prepubertal untrained
controls but not in rhythmic gymnasts (see Table 6). While other investigations
have reported independent relationships betweeen leptin and measured BMD
variables in untrained prepuburtal children (Garnett et al., 2004; Rhie et al.,
2010), recent studies did not find circulating leptin as an independent predictor
of BMD in a group of elite female rhythmic gymnasts at different pubertal
stages (Maimoun et al., 2010a,b). However, there are studies to report
significant relationships between leptin and BMD values in adolescent rhythmic
gymnasts (Gruodyté et al., 2010; Munoz et al., 2004). Although leptin has been
reported to be involved in the accumulation, maintenance and loss of BMD
throughout life (Hamrick & Ferrari, 2008), the impact of leptin on growing
human bone remains controversial (Maimoun et al., 2010b). Accordingly, the
results of present study suggest that leptin is not longitudinally involved in the
development of BMD in a specific group of rhythmic gymnasts before puberty.
It appears that specific physical activity pattern seen in rhythmic gymnasts may
have counterbalanced the possible negative effect that leptin deficiency may
have on growing bone.

Similarly to previous studies, adiponectin increased (Cambuli et al., 2008)
and ghrelin decreased (Whatmore et al., 2003) over 12-month study period in
both groups of prepubertal girls (see Table 8). Baseline adiponectin and ghrelin
levels did not predict significant increases in BMD values in prepubertal
rhythmic gymnasts, while baseline adiponectin was inversely correlated with
AFN BMD in untrained controls. However, the independent variables that were
associated with increases in BMD values were baseline FM and FFM values
together in untrained controls and only after excluding the influence of body
composition parameters, ghrelin and adiponectin concentrations predicted
increases in WB BMD and FN BMD values in untrained controls, respectively.
These results demonstrate that baseline adiponectin and ghrelin concentrations
may not have a direct role in the development of BMD variables prepubertal
girls. In accordance with these results, previous studies have also find no
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relationship between adiponectin (Russell et al., 2009) and ghrelin (Jiirimée et
al., 2010) with BMD variables in physically active prepubertal children.
Although some studies have reported significant correlations of BMD variables
with adiponectin (Huang et al., 2004; Misra et al., 2007) and ghrelin (Makovey
et al., 2007; Misra et al., 2005b), the results of current study suggest that during
prepubertal development, adiponectin and ghrelin are not independent pre-
dictors of increases in BMD levels in contrast to FM and FFM values in
prepubertal girls with different physical activity patterns. Taken together,
further longitudinal studies from prepuberty to pubertal maturation are neces-
sary to clarify the possible roles of adiponectin and ghrelin in the bone develop-
ment in girls with different physical activity parameters.

In conclusion, body composition variables together with measured adipo-
cytokine and ghrelin levels did not predict a normal growth in BMD values in
rhythmic gymnasts but in untrained controls it appeared that initial leptin
together with specific body composition variables were associated with an
increase in WB BMD value as a result of the 12-month study period.These
results suggest that specific physical activity pattern seen in rhythmic pre-
pubertal gymnasts may have a beneficial effect on bone mineralization and may
have counterbalanced the negative factors on bone development such as low
FM and decreased leptin concentrations.
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7. CONCLUSIONS

Body FM was the most important parameter to predict whole-body BMD
in prepubertal rhythmic gymnasts. Relationships of lumbar spine and
femoral neck BMD values with measured body composition, and skinfold,
girth, length and breadth indices were mostly absent in prepubertal
rhythmic gymasts. In untrained controls, FFM was the most important
parameter to predict whole-body and lumbar spine BMD values. Lumbar
spine BMD was also related to measured skinfold, girth, length and breadth
indices, while no relationship was seen between femoral neck BMD with
measured body composition and anthropometric chracteristics in untrained
controls.

Leptin, adiponectin and ghrelin concentrations were not related to mea-
sured BMD parameters in prepubertal rhythmic gymnasts. In untrained
controls, leptin was correlated with whole-body and lumbar spine BMD
values, whereas ghrelin was associated with femoral neck BMD value.
Baseline adipocytokine and ghrelin levels together with baseline body
composition variables did not predict a normal growth in BMD values as a
result of 12-month study period in prepubertal rhythmic gymnasts. In
untrained controls, initial leptin together with specific body composition
variables were associated with an increase in whole-body BMD value after
12-month prospective study period.
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SUMMARY IN ESTONIAN

Prepuberteediealiste iluvoimlejate luutihedus: seosed
antropomeetriliste, keha koostise ja hormonaalsete
parameetritega

Sissejuhatus

Osteoporoos on tdsine iilemaailmne terviseprobleem. On leitud, et parem luu-
tihedus lapsena voib kanduda tdiskasvanuikka ja nii on tulevikus suurem voi-
malus ennetada osteoporoosi. Lisaks geneetilistele faktorite ja toitumisele moju-
tavad laste luutihedust kehamass, kehaline koormus, endokriinsiisteem ja
puberteedi algusaeg. Kehamass mojutab luutihedust mehaanilise koormuse ja
hormoonide (sh leptiin, adiponektiin, greliin) vahendusel. Mainitud hormoonid
mojutavad luud aga l4bi kehakoostise ja samuti kesknédrvisiisteemi vahendusel.
Viimastel andmetel peetakse lastel rasvavabamassi oluliseks luu mineraal-
tiheduse tOstjaks, samas on leitud, et rasvamass voib luutihedusele mdjuda nii
positiivselt kui ka negatiivselt. Selgelt mdjub luu mineraaltihedusele positiivselt
aga regulaarne ning intensiivne hiippeline ehk 166giline kehaline koormus. Ilu-
vOimlemine on kindlasti 166gilise spordiala esindajaks, kuna iihel treeningul
voib iluvdimleja sooritada isegi kuni 400 maksimaalse pingutusega hiipet. Ilu-
voimlemisega alustatakse juba 3—4 aastaselt, treeningud on suhteliselt varakult
intensiivsed ja mahukad langetades oluliselt voimlejate keha- ning rasvamassi.
Kuigi puberteediealiste sportlaste luutiheduse seoseid mainitud faktoritega on
korduvalt uuritud, on siiani vihem informatsiooni, kuidas mojutab intensiivne
kehaline koormus prepuberteediealiste noorsportlaste Iuutihedust, kelle keha-
mass on vihemaktiivsete eakaaslastega vorreldes tunduvalt madalam.

Uurimustoo eesmérk ja iilesanded:

Antud t66 eesmargiks oli hinnata prepuberteediealiste iluvdoimlejate luutiheduse

seoseid kehakoostise ja hormoonidega (leptiin, adiponektiin, greliin). Lahtuvalt

eesmargist olid iilesanneteks:

1. hinnata luutiheduse seoseid antropomeetriliste ja kehakoostise néitajatega;

2. hinnata luutiheduse seoseid adipotsiitokiinide ja greliini kontsentratsiooniga;

3. hinnata, kuidas on aastane luutiheduse kasv seotud kehakoostise ja hormo-
naalsete parameetritega.

Uuritavad ja metoodika

Uuringus osales algselt 89 7-9 aastast tiidrukut, kellest 46 olid iluvdimlejad ja
53 kontrollgrupi tiidrukud. Voimlejad olid enne uuringu alustamist regulaarselt
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tegelenud iluvdimlemisega vdhemalt 2 aastat ning treenisid keskmiselt 10—
12 tundi nddalas. Kontrollgrupi tiidrukud osalesid vaid 2-3 korda nidalas kooli
kehalise kasvatuse tundides. Uhelgi tiidukul ei esinenud skeletilihassiisteemi
haigusi, mis vdinuks mdjutada luutihedust. Teisel uuringu-aastal osales uurin-
gus 33 iluvdimlejat ja 35 kontrollgrupi tlidrukut. Uuringust véljalangemise
sagedasemaiks pohjuseks iluvdimlejate seas oli iluvdimlemistreeningute katkes-
tamine ja kontrollgrupi tiidrukute seas regulaarsete treeningutega alustamine.

Koigil uuritavatel miérati kehamass ja pikkus, kehamassiindeks arvutati
vastava valemiga. Bioloogiline vanus méérati Tanneri metoodikaga, luuline
vanus rontgeniga ning méérati luustumise aste. DXA aparaadiga méérati keha-
koostise parameetrid, nii rasva- ja rasvavaba mass kui ka luutihedus (kogu keha
luutihedus, lumbaarosa (L2-L4) ja reieluukaela luutihedus).

Jireldused:

1. Prepuberteediealistel iluvoimlejatel olid luutihedusel olulised seosed rasva-
massiga, samaealistel regulaarselt spordiga mittetegevatel tiidrukutel aga
praktiliselt kdikide méératud antropomeetriliste ja kehakoostise néitajatega.

2. ITluvdimlejatel ei olnud luutihedusel seoseid adipotsiitokiinide ega greliini
tasemega, kontrollgrupi tiidrukutel leiti aga olulised seosed leptiini ja kogu
keha ja lumbaarosa luutiheduse ning greliini kontsentratsiooni ja reieluu-
kaela luutiheduse vahel.

3. Iluvdimlejate aastase luutiheduse kasvu, kehakoostise parameetrite ning
adipotsiitokiinide ja greliini taseme vahel olulisi seoseid ei ilmnenud.
Kontrollgrupi tiidrukutel olid luutihedusel olulised seosed leptiini taseme ja
kehakoostise niditajatega.
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