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Abstract

The aim of this study was to investigate the association of selected genetic polymorphisms and bone mineral density
(BMD) in children reaching puberty and atthe age of 18. The study sample consisted of 168 boys residing in Slavonski
Brod, Croatia. Calcaneal quantitative ultrasound measurements were undertaken with Sahara device (Hologic). Genetic
polymorphisms for CYP19 aromatase, IGF-1,estrogen receptor and androgen receptor were analysed. Each examinee
completed a survey in order to estimate dietary habits and other possible behavioural patterns associated with bone
mineral density. The results indicated significant association of CYP19 aromatase polymorphism and estrogen receptor
gene with quantitative ultrasound index (P=0.039) and estimated bone mineral density (P=0.049), as well as significant
association of calcium intake and physical activity.

Although bone mineral density is a result of very complex and multiple mechanisms, findings of this study give us an
insight to which subjects are at increased risk for developing osteoporosis and other related adverse events in later life
and suggests means of an interventional program including dietary habits, calcium intake and increased physical activity
that could ameliorate bone structure density weakness, detected in pre-pubertal period and connected to mentioned
gene polymorphisms. The program should take place during puberty itself, a known period of largest bone mineral

density acquirement.

Keywords: Bone mineral density; Children; Puberty; Genetics;
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Introduction

The purpose of this study was to determine the value of
ultrasonographical measures of calcaneal BMD in children entering
puberty and after the period of largest BMC gain, to analyse
the association of these parameters with microsatellite genetic
polymorphisms as well as behavioural and habit differences.

Bone gain in humans is greatest during the intensive growth
period, puberty and adolescence [1-3]. At this stage of growth children
reach 90% of adult height, but only 57% of total adult bone mineral
content (BMC), adding up to 90% of adult BMC around age 18 [3]. This
significant increase stops at the end of the third decade [4-6]. Peak bone
mass is an important risk factor for the development of osteoporosis in
later life [7]. By knowing physiological variations in bone mass accrual
during childhood and adolescence we could predict who is at greater
risk for osteoporotic fractures and other bone metabolism disorders
[8,9]. By optimizing the attainment of peak bone mass better prevention
of osteoporosis in later life [9] could be achieved.

Many factors affect bone growth, BMC and BMD, such as birth
weight, maternal ultraviolet B exposure during pregnancy [10], and
behavioural factors like physical activity [9,11], diet [7], vitamin D [12]
and calcium intake [13,14], alcohol consumption [7] and carbonated
soft drinks [15]. Hormonal balance and its fine interplay are also very
important and necessary for normal bone development, primarily
sex hormones, growth hormone (GH) [16] and insulin-like growth
factors (IGFs) [17]. Estrogen is important in both genders, [18] and
it is well known that girls with amenorrhoea have decreased BMD in
lumbar spine compared to girls with regular cycles [19,20]. Serum
concentrations of IGF-1 was positively associated with periosteal
circumference and total BMC throughout peripuberty, and with tibial

length before menarche, suggesting that during puberty, circulating
IGF-1 promotes bone periosteal apposition and mass accrual [9].

Genetic factors also affect the speed of maturation and growth.
Adult height is considered to be a highly heritable and polygenetic trait.
Bone mineral density is also highly heritable trait, with as much as 60-
80% of variance attributable to genetic factors [21-23]. In recent years
many studies investigated genetic background of BMD and osteoporosis
revealing different genetic markers across the chromosomes [24-27].

Previous results indicated the association between genetic markers
for IGF-1 gene, gene for estrogen receptor alpha, gene for androgen
receptor, aromatase gene [28], vitamin D receptor gene [18], gene for
colagen-1 [19] with BMD, bone geometry and osteoporosis. Majority of
the research included adults, only recently there is an increased interest
in researching genetic determinants of bone metabolism in children
[19,20].

There are few approaches in measurement of bone mineral density
(BMD), but the easiest and ethically more acceptable approach in
children is the use of quantitative ultrasound (QUS), a quick, non-
invasive and inexpensive method to measure bone strength [21-23].
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72°C 30"
GAC GCATGATATACT  GCAGAATCAAATATC — 24C2
o 1
ER 6 A 10 TOACC CAGATG 58°C 1 }30X
74°C 1
Table 1: Primer characteristics.
. Statistical analysis
Materials and Methods 4

This study included a sample of 168 boys. Age of examinees was
limited, only children aged between 11 and 13 years were eligible. All
were included from the elementary schools in the Slavonski Brod,
Eastern region in Croatia. A total of four schools were enrolled, two from
the rural setting and two from urban. In order to participate, parents
had to provide a written consent and allow for their child to be involved
in the study. They all completed a survey in order to estimate dietary
habits and other possible behavioural patterns like a consumption of
calcium /mg per day, fizzy drinks /dcl per day, watching TV / hours
per day/, sun exposer sumer or winter /hours per day/ Blood samples
were taken to these respondents, consisting a total of 30 mL of blood for
biochemical and genetic analysis.

Bone mineral density estimates and anthropometry

Bone densitometry was performed for each participant. An
ultrasound-based Sahara Hologic device was used. The device was
re-calibrated on a daily basis, and all the measurements were done by
two nurses. Additionally, all participants had their weight and height
measured and Tanner puberty development stage estimated. All
participants were in first Tanner stage. Anthropometry was performed
by the two specialists of school medicine. Lastly, parents provided
information on the medical record, history of possible fractures,
lifestyle and osteoporosis in the family.

Laboratory measurements and procedures

Three bone-turnover and status parameters were measured from
the samples: bone-specific alkaline phosphatase, Sexual-hormone
binding protein (SHBG), osteocalcin and [-cross laps (ELISA,
Nordic Bioscience Diagnostics). Additionally, we measured serum
concentrations of estradiol (Ez), free testosterone and 25-OHD3. E,was
measured using Ortho Johnson & Johnson ligands, free testosterone
using radio immunochemical methods based on the DPC method,
while 25-OHD3 was measured using ELISA by IDS.

Genotyping

All participants provided 5ml of peripheral blood, which was
collected for PCR reactions. Laser-induced fluorescence and Allele
Locator were used for analysis (ALF express, Pharmacia-Amersham,
Uppsala, Sweden) (Table 1).

The data were presented as means and standard deviations or
numbers and percentages, depending on the variable type. In order
to achieve normal data distribution several transformations were
used: logarithm (QUI, BUA, body mass index and estrogen), inverse
(weight, testosterone and vitamin D), square root (crosslaps). Since
bone mineral density was estimated on the basis of ultrasound, we
denoted this by using an abbreviation of eBMD (estimated bone
mineral density). The analysis was performed using t-test. Both linear
and quadratic regression models were used in the initial analysis of
the association between genetic markers and bone mineral density
estimates, in order to allow for both linear and non-linear association
assumptions. Furthermore, a multiple linear regression model was used
in the final analysis step, in order to assess the importance of a wider
range of predictor variables. SPSS (SPSS Inc, Chicago, IL) was used in
the analysis, with significance set at P<0.05.

Results

The study encompassed 168 children. All anthropometric,
ultrasound and laboratory parameters were shown (Table 2). Correlation
of various indicators of ultrasound BMD measurements showed a great

Characteristic Mean + SD
T-score -0,30+£0,73
QuI 97,6 £ 11,9
eBMD 0,54 + 0,07
BUA 69,7+ 12,3
SOS 1560,7 £ 19,8
Height (cm) 148,3+6,10
Weigth (kg) 41,7 £ 8,00
Body mass index [BMI] (kg/m?) 18,9+ 2,70
Testosteron (nmol/L) 3,02 + 3,00
Vitamin D (umol/L) 26,4 £ 9,50
Osteocalcin (nmol/L) 143,2 + 50,3
Crosslaps (nmol/L) 1309,8 + 460,4
Sexual-hormone binding protein (SHBG) 71,6 +35.2
Albumin (g/L) 44,5 + 2,60
Estrogen (E2) (nmol/L) 37,7+ 31,1
IGF1 (nmol/L) 65,0 + 28,9

*t-test was used in data analysis; SD — standard deviation
Table 2: Basic desciptive, boys.
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dependence between explored indicators which was for all comparisons 1 1 0,3
at level P<0.001, and correlation coefficients were in range from 0.58 12 4 1,2
(for BUA-SOS couplet) until almost complete correlation for couplet 13 26 7.7
BMD-OUI (Table 3). 14 75 22,3
Comparison of allele frequency is without significant results for 15 28 8.3
CYP19gene (P=0.285), IGF (P=0.602) and AR (P=0.150). For ER gene a 16 6 1.8
value of borderline significance is measured (P=0.030) In CYP 19 gene 7 4 Lt
only one variant allele was noted at IGF gene two alleles, and at ER gene 19 21 63
three variant alleles (Table 4). 20 10 30
” 21 24 7,1
Overview of genotype frequencies implied a great deal of variability. u 22 22 6.5
Genotype variability (H) of CYP19 gene was 0.84, IGF-1 gene 0.76, and 23 45 13,4
variability of genes AR and ER were even higher - 0.96 for both. 24 17 5,1
25 13 3,9
QuIsstifiness BMD BUA sos 26 5 1.5
Total 27 1 0,3
T-Score 0,97 0,97 0,81 0,84 156 14 4.2
QuI 0,99 0,84 0,86 158 2 06
16.0 2 0,6
:'L\J/IE 0.84 82: Unknown 16 4,8

*QUI — Quantitative ultrasound index
*BMD — Bone mineral density

*BUA - broadband ultrasound attenuation
*SOS - speed of sound

Table 3: Correlation between ultrasounds parametars of bone mineral density.

*CYP19 — Aromatase receptor
*IGF - Insulin like factor receptor
*AR- Androgen receptor

*ER - Estrogen receptor

Table 4: Allel frequency of researched genes.

The analysis of genetic effects on bone mineral density parameters

Al using a simple linear or quadratic models suggested lack of significant
Gen Alel (engl. peaks) N % linear effects and presence of two significant quadratic effects, one for the
P g q >
! 62 185 CYP19 gene and the other, which was somewhat weaker for ER (Table 5).
7del3 116 34,5
8 46 13,7 A comparison of the behavioral predictors of bone mineral density
9 5 1,5
2 10 8 24
z') 1 72 21,4 Linear model Quadratic model
12 16 4,8 Gene Indicator B P B P
13 1 0,3 CYP-19 T-score -0.07 0.226 3.32 0.001
19.0 1 0,3 QuI -0.07 0.253 4.15 <0.001
Unknown 9 2,7 BMD -0.07 0.225 4.10 <0.001
16 7 21 BUA -0.01 0.867 3.62 0.001
17 21 6,3 SOS -0.12 0.034 3.01 0.008
18 218 64,9 IGF1 T-score 0.03 0.957 0.13 0.862
19 47 14,0 QuI <0.01 0.938 0.16 0.833
LQL 20 19 57 BMD <0.01 0.934 0.15 0.851
21 4 1,2 BUA 0.02 0.692 -0.43 0.565
16.8 1 0,3 SOS -0.01 0.927 0.72 0.349
17.0 1 0,3 AR T-score 0.06 0.376 -1.97 0.020
Unknown 18 54 QuI 0.07 0.271 -2.23 0.026
15 4 1,2 BMD 0.07 0.268 -1.93 0.022
16 9 2,7 BUA 0.05 0.454 -1.14 0.179
17 26 7,7 SOSs 0.02 0.754 -1.79 0.034
18 32 9,5 ER T-score -0.02 0.711 0.17 0.825
20 40 1,9 QuI -0.03 0.556 0.27 0.723
21 28 8,3 BMD -0.04 0.541 0.33 0.669
x 22 32 9,5 BUA 0.01 0.890 0.26 0.730
< 23 34 10,1 SOSs -0.02 0.703 0.52 0.496
24 19 57 *QUI — Quantitative ultrasound index
25 9 2,7 *BMD — Bone mineral density
26 7 2,1 *BUA - broadband ultrasound attenuation
2 ; 1305, spees f s
28 ! 03 Table 5: Linear and quadratic regression model showing the association of
Unknown 92 27,4 selected genetic markers and bone mineral density parameters.
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Physical activity/hours | Fizzy drinks/ dcl per | TV watching/hours per | Use of computer/hours Susmurr;gszzzl:;epgr Sun exposure / winter/
per week day week per week week hours per week
T-score <0.001 <0.001 0.023 0.260 0.221 0.320

Qul <0.001 <0.001 0.038 0.216 0.117 0.350

BMD <0.001 <0.001 0.027 0.190 0.100 0.296

BUA 0.001 0.007 0.043 0.255 0.052 0.164

SOS <0.001 <0.001 0.213 0.676 0.243 0.758
*QUI — Quantitative ultrasound index
*BMD — Bone mineral density
*BUA - broadband ultrasound attenuation
*SOS - speed of sound

Table 6: Significance levels of the correlations between bone mineral estimates and some behavioural risks.

Characteristic T-score Qul BMD BUA SOS
Age 0.508 0.343 0.413 0.454 0.580
Gender 0.694 0.666 0.674 0.750 0.599
CYP19 0.078 0.039 0.049 0.162 0.096
IGFI 0.970 0.924 0.923 0.985 0.821
AR 0.482 0.540 0.462 0.587 0.623
ER 0.679 0.598 0.600 0.450 0.718
Testosterone 0.355 0.428 0.380 0.108 0.793
Vitamin D 0.742 0.974 0.938 0.905 0.928
Osteocalcin 0.381 0.365 0.348 0.025 0.728
Cross laps 0.347 0.378 0.339 0.056 0.955
SHBG 0.151 0.105 0.140 0.092 0.395
Albumin 0.823 0.865 0.807 0.760 0.703
E2 0.873 0.752 0.820 0.977 0.529
IGF1 0.347 0.325 0.350 0.069 0.856
Body mass index 0.959 0.855 0.870 0.139 0.234
Calcium intake <0.001 0.002 0.001 0.002 0.010
Fizzy drinks 0.419 0.512 0.570 0.625 0.126
Physical activity 0.004 0.009 0.007 0.101 0.013
TV watching 0.220 0.195 0.142 0.234 0.622
Computer use 0.761 0.491 0.423 0.264 0.744
Sun exposure - summer 0.788 0.907 0.919 0.951 0.598
Sun exposure - winter 0.208 0.277 0.267 0.531 0.358
Sleep duration 0.291 0.312 0.299 0.230 0.468

*QUI — Quantitative ultrasound index
*BMD - Bone mineral density

*BUA - broadband ultrasound attenuation
*SOS - speed of sound

Table 7: Multiple linear regression results with a number of environmental and genetic predictors.

indicated that physical activity and fizzy drinks use were significantly
associated with most analyzed indices (Table 6).

Lastly, an analysis of the wide spectrum of confounding effects on
bone mineral density suggested that three predictors were significantly
associated with bone mineral density — physical activity, calcium intake
and CYP19 gene (Table 7).

Discussion

Statistically significant results were noted in correlation of gene
markers with bone mineral density only with gene for aromatase and
AR. Examinees with alels CYP19 7del3 had better values of ultrasound
calcaneal bone mineral density. QUS was better 3,4%, BUA 3,7%, and
BMD 4,0%. At genes for AR boys with alels 15,25,27 had lower bone
mineral density values. Impact of other analysed genes: IGF-1, gene
for AR and for ER was not significant (Table 4). Serum concentration
of vitamin D in all children was low, under reference limits. (Table 2).

Calcium intake and amount of physical activity have a positive effect on
children bone structure (Table 7).

The results of this study show that genetic factors seem to have
strong and significant effects on bone mineral density in children.
While a number of studies have resonated such results in the elderly,
studies in children are more scarse and often not focused on a trait that
is believed to be important mainly in elderly 4,6]. This study shows that
some of the genes involved in bone metabolism also maintained their
effect in the regression model that involved a number of behavioural
patterns and other indicators, supporting some previous claims that
genetic effects on bone could be strongly expressed in younger age [28-
41].

Furthermore, from our survey we found that 34% boys take 5 dcl of
fizzed drinks daily, 48% ingest daily 600 mg of calcium and 43% sits 4h
during computer use. These results also resonate an important message
in the sphere of public health, that physical activity and calcium intake
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about 850 mg /per day [40,41] are important even in the pubertal life
and that commonly heard proposals that impaired BMD is a problem of
elderly might not be completely true. Focus of the preventive activities
related to osteoporosis should be more systematic and transferred to
even younger age, when improvements might be more feasible and
easier to achieve [29-35].

Children who took 850 mg calcium pre day has better bone mineral

density. Emerges a need for strategy of measures targeting individuals
at risk which would optimize their final peak bone mass and fortify
their bones for years to come [40,41].

Study proves that genetics and behaviour alike are important

predictors of bone mineral density which differs significally even in
pre-pubertal period placing people at uneven starting positions at the
period of largest bone density accrual [36-41].

References

1.

Theintz G, Buchs B, Rizzoli R, Slosman D, Clavien H, et al. (1992) Longitudinal
monitoring of bone mass accumulation in healthy adolescents: evidence for
a marked reduction after 16 years of age at the levels of lumbar spine and
femoral neck in female subjects. J Clin Endocrinol Metab 75: 1060-1065.

Riggs BL, Wahner HW, Dunn WL, Mazess RB, Offord KP, et al. (1981)
Differential changes in bone mineral density of the appendicular and axial
skeleton with aging: relationship to spinal osteoporosis. J Clin Invest 67: 328-
335.

Mora S, Goodman WG, Loro ML, Roe TF, Sayre J, et al. (1994) Age-related
changes in cortical and cancellous vertebral bone density in girls: assessment
with quantitative CT. AUR Am J Roentgenol 162: 405-409.

Bonjour JP, Theintz G, Buchs B, Slosman D, Rizzoli R (1991) Critical years
and stages of puberty for spinal and femoral bone mass accumulation during
adolescence. J Clin Endocrinol Metab 73: 555-563.

Zanchetta JR, Plotkin H, Alvarez Filgueira ML (1995) Bone mass in children:
normative values for the 2-20-year-old population. Bone 16: 393S-399S.

Kraljevic |, Kastelan D, Kolcic |, Kardum |, Mazalin-Protulipac J, et al. (2007)
Calcaneal ultrasound parameters in men and women from central Croatia. Med
SciMonit 13: MT29-33.

Gilsanz V, Gibbens DT, Carlson M, Boechat MI, Cann CE, et al. (1988) Peak
trabecular vertebral density: a comparison of adolescent and adult females.
Calcif Tissue Int 43: 260-262.

Doneray H, Orbak Z (2010) Association between anthropometric hormonal
measurements and bone mineral density in puberty and constitutional delay of
growth and puberty. West Indian Med J 59: 125-130.

Seeman E, Hopper JL, Bach LA, Cooper ME, Parkinson E, et al. (1989)
Reduced bone mass in daughters of women with osteoporosis. N Engl J Med
320: 554-558.

10. Evans RA, Marel GM, Lancaster EK, Kos S, Evans M, et al. (1988) Bone mass

is low in relatives of osteoporotic patients. Ann Intern Med 109: 870-873.

11. Christian JC, Yu PL, Slemenda CW, Johnston CC Jr (1989) Heritability of bone

mass: a longitudinal study in aging male twins. Am J Hum Genet 44: 429-433.

12. Pocock NA, Eisman JA, Hopper JL, Yeates MG, Sambrook PN, et al. (1987)

Genetic determinants of bone mass in adults. A twin study. J Clin Invest 80:
706-710.

13. Harris M, Nguyen TV, Howard GM i sur. (1998) Genetic and environmental

correlations between bone formation and bone mineral density: a twin study.
Bone22:141

14. Slemenda CW, Christian JC, Williams CJ, Norton JA, Johnston CC Jr. (1991)

Genetic determinants of bone mass in daughters adult women: A reevaluation
of the twin model and the potential importance of gene interaction with
heritability estimates. J Bone Miner Res6:561-567.

15.Xu L, Wang Q, Wang Q, Lyytikdinen A, Mikkola T, et al. (2011) Concerted

actions of insulin-like growth factor , testosterone, and estradiol on peripubertal
bone growth: a 7-year longitudinal study. J Bone Miner Res 26: 2204-2211.

16. Ferrari S, Rizzoli R, Manen D, Slosman D, Bonjour JP (1998) Vitamin D

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

receptor gene start codon polymorphisms (Fokl) and bone mineral density:
interaction with age, dietary calcium, and 3’-end region polymorphisms. J Bone
Miner Res 13: 925-930.

. GunnesM, Berg JP, Hasle J, Lehmann EH(1997) Lack of relationship between

vitamin D receptor genotype and forearm bone gain in healthy children,
adolescents, and yound adults. J ClinEndocrinolMetab82:851-855.

. Sainz J, Van Tornout JM, Sayre J, Kaufman F, Gilsanz V (1999) Association of

collagen type 1 alpha1 gene polymorphism with bone density in early childhood.
J ClinEndocrinolMetab 84: 853-855.

. Bell NH, Shary J, Stevens J, Garza M, Gordon L, et al. (1991) Demonstration

that bone mass is greater in black than in white children. J Bone Miner Res 6:
719-723.

Southard RN, Morris JD, Mahan JD, Hayes JR, Torch MA, et al. (1991) Bone
mass in healthy children: measurement with quantitative DXA. Radiology 179:
735-738.

Sioen |, Goemare S, Ahrens W, De Henauw S, De Vriendt T, et al. (2011)
The relationship between paediatric calcaneal quantitative ultrasound
measurements and dual energy X-ray absorptiometry (DXA) and DXA with
laser (DXL) as well as body composition. Int J Obes 35:5125-S130

Hans D, Dargent-Molina P, Schott AM, Sebert JL, Cormier C, et al. (1996)
Ultrasonographic heel measurements to predict hip fracture in elderly women:
the EPIDOS prospective study. Lancet 348: 511-514.

Kraljevic |, Kastelan D, Kolcic |, Kardum |, Mazalin-Protulipac J, et al. (2007)
Calcaneal ultrasound parameters in men and women from central Croatia. Med
SciMonit 13: MT 29-33.

Bailey DA, McKay HA, Mirwald RL, Crocker PR, Faulkner RA (1999) A six-year
longitudinal study of the relationship of physical activity to bone mineral accrual
in growing children: the university of Saskatchewan bone mineral accrual study.
J Bone Miner Res 14: 1672-1679.

Cooper C, Cawley M, Bhalla A, Egger P, Ring F, et al. (1995) Childhood growth,
physical activity, and peak bone mass in women. J Bone Miner Res 10: 940-
947.

Karalus J, Chlebna-SokA%A, D (2011) The clinical efficacy of vitamin D in
children with primary low bone mass. PediatrEndocrinol Diabetes Metab 17:
35-40.

Bonjour JP, Carrie AL, Ferrari S, Clavien H, Slosman D, et al. (1997) Calcium-
enriched foods and bone mass growth in prepubertal girls: arandomized,
double blind, placebo controlled trial. J Clin Invest 99: 1287-1294

Kouda K, Iki M, Fujita Y, Tamaki J, Yura A, et al. (2011) Alcohol intake and
bone status in elderly Japanese men: baseline data from the Fujiwara-kyo
osteoporosis risk in men (FORMEN) study. Bone 49: 275-280.

McGartland C, Robson PJ, Murray L, Cran G, Savage MJ, et al. (2003)
Carbonated soft drink consumption and bone mineral density in adolescence:
the Northern Ireland Young Hearts project. J Bone Miner Res 18: 1563-1569.

Boot AM, Engels MA, Boerma GJ, Krenning EP, De Muinck Keizer-Schrama
SM (1997) Changes in bone mineral density, body composition, and lipid
metabolism during growth hormone (GH) treatment in children with GH
deficiency. J Clin Endocrinol Metab 82: 2423-2428.

Hock JM, Centrella M, Canalis E (1988) Insulin-like growth factor | has
independent effects on bone matrix formation and cell replication. Endocrinology
122: 254-260.

.Doneray H, Orbak Z (2010) Association between anthropometric hormonal

measurements and bone mineral density in puberty and constitutional delay of
growth and puberty. West Indian Med J 59: 125-130.

Frank GR (1995) The role of estrogen in pubertal skeletal physiology: epiphyseal
maturation and mineralization of the skeleton. ActaPaediatr 84: 627-630.

Guéguen R, Jouanny P, Guillemin F, Kuntz C, Pourel J, et al. (1995) Segregation
analysis and variance components analysis of bone mineral density in healthy
families. J Bone Miner Res 10: 2017-2022.

Christian JC, Yu PL, Slemenda CW, Johnston CC Jr (1989) Heritability of bone
mass: a longitudinal study in aging male twins. Am J Hum Genet 44: 429-433.

Timpson NJ, Tobias JH, Richards JB, Soranzo N, Duncan EL, et al. (2009)
Common variants in the region around Osterixare associated with bone mineral
density and growth in childhood. Hum Mol Genet 18: 1510-1517.

J Osteopor Phys Act

ISSN: 2329-9509 JOPA, an open access journal

Volume 3 « Isse 2 » 1000130


http://www.ncbi.nlm.nih.gov/pubmed/1400871
http://www.ncbi.nlm.nih.gov/pubmed/1400871
http://www.ncbi.nlm.nih.gov/pubmed/1400871
http://www.ncbi.nlm.nih.gov/pubmed/1400871
http://www.ncbi.nlm.nih.gov/pubmed/7462421
http://www.ncbi.nlm.nih.gov/pubmed/7462421
http://www.ncbi.nlm.nih.gov/pubmed/7462421
http://www.ncbi.nlm.nih.gov/pubmed/7462421
http://www.ncbi.nlm.nih.gov/pubmed/8310936
http://www.ncbi.nlm.nih.gov/pubmed/8310936
http://www.ncbi.nlm.nih.gov/pubmed/8310936
http://www.ncbi.nlm.nih.gov/pubmed/1874933
http://www.ncbi.nlm.nih.gov/pubmed/1874933
http://www.ncbi.nlm.nih.gov/pubmed/1874933
http://www.ncbi.nlm.nih.gov/pubmed/7626329
http://www.ncbi.nlm.nih.gov/pubmed/7626329
http://www.ncbi.nlm.nih.gov/pubmed/17767128
http://www.ncbi.nlm.nih.gov/pubmed/17767128
http://www.ncbi.nlm.nih.gov/pubmed/17767128
http://www.ncbi.nlm.nih.gov/pubmed/3145132
http://www.ncbi.nlm.nih.gov/pubmed/3145132
http://www.ncbi.nlm.nih.gov/pubmed/3145132
http://www.ncbi.nlm.nih.gov/pubmed/21275115
http://www.ncbi.nlm.nih.gov/pubmed/21275115
http://www.ncbi.nlm.nih.gov/pubmed/21275115
http://www.ncbi.nlm.nih.gov/pubmed/2915666
http://www.ncbi.nlm.nih.gov/pubmed/2915666
http://www.ncbi.nlm.nih.gov/pubmed/2915666
http://www.ncbi.nlm.nih.gov/pubmed/3190041
http://www.ncbi.nlm.nih.gov/pubmed/3190041
http://www.ncbi.nlm.nih.gov/pubmed/2916585
http://www.ncbi.nlm.nih.gov/pubmed/2916585
http://www.ncbi.nlm.nih.gov/pubmed/3624485
http://www.ncbi.nlm.nih.gov/pubmed/3624485
http://www.ncbi.nlm.nih.gov/pubmed/3624485
https://books.google.co.in/books?id=Y0OEkCLIw1QC&pg=PA163&lpg=PA163&dq=Genetic+and+environmental+correlations+between+bone+formation+and+bone+mineral+density:+a+twin+study.+Bone+22:141&source=bl&ots=fwML7aaGYc&sig=Tb60ldU52sGEjz2QGDeWIvvmjKw&hl=en&sa=X&ei=cn8SVc6NBIqSuATxjoDIDQ&ved=0CCIQ6AEwAA#v=onepage&q=Genetic and environmental correlations between bone formation and bone mineral density%3A a twin study. Bone 22%3A141&f=false
https://books.google.co.in/books?id=Y0OEkCLIw1QC&pg=PA163&lpg=PA163&dq=Genetic+and+environmental+correlations+between+bone+formation+and+bone+mineral+density:+a+twin+study.+Bone+22:141&source=bl&ots=fwML7aaGYc&sig=Tb60ldU52sGEjz2QGDeWIvvmjKw&hl=en&sa=X&ei=cn8SVc6NBIqSuATxjoDIDQ&ved=0CCIQ6AEwAA#v=onepage&q=Genetic and environmental correlations between bone formation and bone mineral density%3A a twin study. Bone 22%3A141&f=false
https://books.google.co.in/books?id=Y0OEkCLIw1QC&pg=PA163&lpg=PA163&dq=Genetic+and+environmental+correlations+between+bone+formation+and+bone+mineral+density:+a+twin+study.+Bone+22:141&source=bl&ots=fwML7aaGYc&sig=Tb60ldU52sGEjz2QGDeWIvvmjKw&hl=en&sa=X&ei=cn8SVc6NBIqSuATxjoDIDQ&ved=0CCIQ6AEwAA#v=onepage&q=Genetic and environmental correlations between bone formation and bone mineral density%3A a twin study. Bone 22%3A141&f=false
https://books.google.co.in/books?id=xKC4swxJC1UC&pg=PA517&lpg=PA517&dq=Slemenda+CW,+Christian+JC,+Williams+CJ,+Norton+JA,+Johnston+CC+Jr.+%281991%29+Genetic+determinants+of+bone+mass+in+daughters+adult+women:+A+reevaluation+of+the+twin+model+and+the+potential+importance+of+gene+interaction+with+heritability+estimates.&source=bl&ots=M9M_JbQfYe&sig=QjjLQj18dECLhy49d7O-1G3MZc4&hl=en&sa=X&ei=4n8SVYjAG4KduQT_-4HgBQ&ved=0CB8Q6AEwAA#v=onepage&q=Slemenda CW%2C Christian JC%2C Williams CJ%2C Norton JA%2C Johnston CC Jr. (1991) Genetic determinants of bone mass in daughters adult women%3A A reevaluation of the twin model and the 
https://books.google.co.in/books?id=xKC4swxJC1UC&pg=PA517&lpg=PA517&dq=Slemenda+CW,+Christian+JC,+Williams+CJ,+Norton+JA,+Johnston+CC+Jr.+%281991%29+Genetic+determinants+of+bone+mass+in+daughters+adult+women:+A+reevaluation+of+the+twin+model+and+the+potential+importance+of+gene+interaction+with+heritability+estimates.&source=bl&ots=M9M_JbQfYe&sig=QjjLQj18dECLhy49d7O-1G3MZc4&hl=en&sa=X&ei=4n8SVYjAG4KduQT_-4HgBQ&ved=0CB8Q6AEwAA#v=onepage&q=Slemenda CW%2C Christian JC%2C Williams CJ%2C Norton JA%2C Johnston CC Jr. (1991) Genetic determinants of bone mass in daughters adult women%3A A reevaluation of the twin model and the 
https://books.google.co.in/books?id=xKC4swxJC1UC&pg=PA517&lpg=PA517&dq=Slemenda+CW,+Christian+JC,+Williams+CJ,+Norton+JA,+Johnston+CC+Jr.+%281991%29+Genetic+determinants+of+bone+mass+in+daughters+adult+women:+A+reevaluation+of+the+twin+model+and+the+potential+importance+of+gene+interaction+with+heritability+estimates.&source=bl&ots=M9M_JbQfYe&sig=QjjLQj18dECLhy49d7O-1G3MZc4&hl=en&sa=X&ei=4n8SVYjAG4KduQT_-4HgBQ&ved=0CB8Q6AEwAA#v=onepage&q=Slemenda CW%2C Christian JC%2C Williams CJ%2C Norton JA%2C Johnston CC Jr. (1991) Genetic determinants of bone mass in daughters adult women%3A A reevaluation of the twin model and the 
https://books.google.co.in/books?id=xKC4swxJC1UC&pg=PA517&lpg=PA517&dq=Slemenda+CW,+Christian+JC,+Williams+CJ,+Norton+JA,+Johnston+CC+Jr.+%281991%29+Genetic+determinants+of+bone+mass+in+daughters+adult+women:+A+reevaluation+of+the+twin+model+and+the+potential+importance+of+gene+interaction+with+heritability+estimates.&source=bl&ots=M9M_JbQfYe&sig=QjjLQj18dECLhy49d7O-1G3MZc4&hl=en&sa=X&ei=4n8SVYjAG4KduQT_-4HgBQ&ved=0CB8Q6AEwAA#v=onepage&q=Slemenda CW%2C Christian JC%2C Williams CJ%2C Norton JA%2C Johnston CC Jr. (1991) Genetic determinants of bone mass in daughters adult women%3A A reevaluation of the twin model and the 
http://www.ncbi.nlm.nih.gov/pubmed/21590732
http://www.ncbi.nlm.nih.gov/pubmed/21590732
http://www.ncbi.nlm.nih.gov/pubmed/21590732
http://www.ncbi.nlm.nih.gov/pubmed/9626623
http://www.ncbi.nlm.nih.gov/pubmed/9626623
http://www.ncbi.nlm.nih.gov/pubmed/9626623
http://www.ncbi.nlm.nih.gov/pubmed/9626623
http://medlib.mef.hr/868/1/Miskic_B_disertacija_rep_868.pdf
http://medlib.mef.hr/868/1/Miskic_B_disertacija_rep_868.pdf
http://medlib.mef.hr/868/1/Miskic_B_disertacija_rep_868.pdf
http://www.ncbi.nlm.nih.gov/pubmed/10084560
http://www.ncbi.nlm.nih.gov/pubmed/10084560
http://www.ncbi.nlm.nih.gov/pubmed/10084560
http://www.ncbi.nlm.nih.gov/pubmed/1950675
http://www.ncbi.nlm.nih.gov/pubmed/1950675
http://www.ncbi.nlm.nih.gov/pubmed/1950675
http://www.ncbi.nlm.nih.gov/pubmed/2027984
http://www.ncbi.nlm.nih.gov/pubmed/2027984
http://www.ncbi.nlm.nih.gov/pubmed/2027984
http://www.ncbi.nlm.nih.gov/pubmed/21483412
http://www.ncbi.nlm.nih.gov/pubmed/21483412
http://www.ncbi.nlm.nih.gov/pubmed/21483412
http://www.ncbi.nlm.nih.gov/pubmed/21483412
http://www.ncbi.nlm.nih.gov/pubmed/8757153
http://www.ncbi.nlm.nih.gov/pubmed/8757153
http://www.ncbi.nlm.nih.gov/pubmed/8757153
http://www.ncbi.nlm.nih.gov/pubmed/17767128
http://www.ncbi.nlm.nih.gov/pubmed/17767128
http://www.ncbi.nlm.nih.gov/pubmed/17767128
http://www.ncbi.nlm.nih.gov/pubmed/10491214
http://www.ncbi.nlm.nih.gov/pubmed/10491214
http://www.ncbi.nlm.nih.gov/pubmed/10491214
http://www.ncbi.nlm.nih.gov/pubmed/10491214
http://www.ncbi.nlm.nih.gov/pubmed/7572318
http://www.ncbi.nlm.nih.gov/pubmed/7572318
http://www.ncbi.nlm.nih.gov/pubmed/7572318
http://www.ncbi.nlm.nih.gov/pubmed/21489355
http://www.ncbi.nlm.nih.gov/pubmed/21489355
http://www.ncbi.nlm.nih.gov/pubmed/21489355
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC507944/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC507944/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC507944/
http://www.ncbi.nlm.nih.gov/pubmed/21530699
http://www.ncbi.nlm.nih.gov/pubmed/21530699
http://www.ncbi.nlm.nih.gov/pubmed/21530699
http://www.ncbi.nlm.nih.gov/pubmed/12968664
http://www.ncbi.nlm.nih.gov/pubmed/12968664
http://www.ncbi.nlm.nih.gov/pubmed/12968664
http://www.ncbi.nlm.nih.gov/pubmed/9253311
http://www.ncbi.nlm.nih.gov/pubmed/9253311
http://www.ncbi.nlm.nih.gov/pubmed/9253311
http://www.ncbi.nlm.nih.gov/pubmed/9253311
http://www.ncbi.nlm.nih.gov/pubmed/3335207
http://www.ncbi.nlm.nih.gov/pubmed/3335207
http://www.ncbi.nlm.nih.gov/pubmed/3335207
http://www.ncbi.nlm.nih.gov/pubmed/21275115
http://www.ncbi.nlm.nih.gov/pubmed/21275115
http://www.ncbi.nlm.nih.gov/pubmed/21275115
http://www.ncbi.nlm.nih.gov/pubmed/7670243
http://www.ncbi.nlm.nih.gov/pubmed/7670243
http://www.ncbi.nlm.nih.gov/pubmed/8619384
http://www.ncbi.nlm.nih.gov/pubmed/8619384
http://www.ncbi.nlm.nih.gov/pubmed/8619384
http://www.ncbi.nlm.nih.gov/pubmed/2916585
http://www.ncbi.nlm.nih.gov/pubmed/2916585
http://www.ncbi.nlm.nih.gov/pubmed/19181680
http://www.ncbi.nlm.nih.gov/pubmed/19181680
http://www.ncbi.nlm.nih.gov/pubmed/19181680

Citation: MISki¢ B, Raguz A, Miskic D, Cosic V, Pravecek MK, et al. (2015) Interaction Between Clinical and Laboratorys Indicators and Genetic
Polymorphysms of the Calcaneal Bone Mineral Density in Children Starting Puberty. Is this a Time for Intervention? J Osteopor Phys Act 3:

130. doi:10.4172/2329-9509.1000130

Page 6 of 6

37. Vilarifio-Guell C, Miles LJ, Duncan EL, Ralston SH, Compston JE, et al. (2007)
PTHR1 polymorphisms influence BMD variation through effects on the growing
skeleton. Calcif Tissue Int 81:270-278

38. Styrkarsdottir U, Halldorsson BV, Gretarsdottir S, Gudbjartsson DF, Walters
GB, et al. (2008) New sequence variants associated with bone mineral density.
Nat Genet 41:15-17

39. Richards JB, Rivadeneira F, Inouye M, Pastinen TM, Soranzo N, et al. (2008)

40.

41.

Bone mineral density, osteoporosis, and osteoporotic fractures: a genome-wide
association study. Lancet 371: 1505-1512.

Lee WT, Leung SS, Leung DM, Cheng JC (1996) A follow-up study on the
effects of calcium-supplement withdrawal and puberty on bone acquisition of
children. Am J Clin Nutr 64: 71-77.

Bonjour JP, Carrie AL, Ferrari S, Clavien H, Slosman D, et al. (1997) Calcium-
enriched foods and bone mass growth in prepubertal girls: a randomized,
double-blind, placebo-controlled trial. J Clin Invest 99: 1287-1294.

J Osteopor Phys Act
ISSN: 2329-9509 JOPA, an open access journal

Volume 3 ¢ Isse 2 + 1000130


http://www.ncbi.nlm.nih.gov/pubmed/17885720
http://www.ncbi.nlm.nih.gov/pubmed/17885720
http://www.ncbi.nlm.nih.gov/pubmed/17885720
http://www.ncbi.nlm.nih.gov/pubmed/19079262
http://www.ncbi.nlm.nih.gov/pubmed/19079262
http://www.ncbi.nlm.nih.gov/pubmed/19079262
http://www.ncbi.nlm.nih.gov/pubmed/18455228
http://www.ncbi.nlm.nih.gov/pubmed/18455228
http://www.ncbi.nlm.nih.gov/pubmed/18455228
http://www.ncbi.nlm.nih.gov/pubmed/8669418
http://www.ncbi.nlm.nih.gov/pubmed/8669418
http://www.ncbi.nlm.nih.gov/pubmed/8669418
http://www.ncbi.nlm.nih.gov/pubmed/9077538
http://www.ncbi.nlm.nih.gov/pubmed/9077538
http://www.ncbi.nlm.nih.gov/pubmed/9077538

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Materials and Methods 
	Bone mineral density estimates and anthropometry 
	Laboratory measurements and procedures 
	Genotyping 
	Statistical analysis 

	Results
	Discussion
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7
	References

