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of covariance showed that females had higher values for 
BMC and BMD in most of the regions. Both males and fe-
males had a significant decrease in bone markers while sex-
ual maturation increases (all p  !  0.05). Males had an increased 
bone turnover compared to females (all p  !  0.05, except for 
urine  � -CTX in Tanner  ̂  IV).  Conclusion:  Our results support 
the evidence of dimorphic site-specific bone accretion be-
tween sexes and show an increased bone turnover in males, 
suggesting higher metabolic activity. 

 Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Acquiring a high bone mass during childhood and ad-
olescence is a key determinant of adult skeletal health  [1] , 
and is known to contribute to more than half to the vari-
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 Abstract 

  Background/Aims:  The assessment of bone mineral content 
(BMC) and density (BMD) status in children and adolescents 
is important for health and the prevention of diseases. Bone 
metabolic activity could provide early information on bone 
mass development. Our aim was to describe bone mass and 
metabolism markers according to age and Tanner stage in 
adolescents.  Methods:  Spanish adolescents (n = 345; 168 
males and 177 females) aged 12.5–17.5 years participated in 
this cross-sectional study. Body composition variables were 
measured by dual-energy X-ray absorptiometry. Serum os-
teocalcin (n = 101), aminoterminal propeptide of type I pro-
collagen (n = 92) and  � -isomerized C-telopeptides ( � -CTX,
n = 65) and urine samples ( � -CTX; n = 237) were analyzed by 
electrochemiluminescence immunoassay.  Results:  Analysis 
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ability of bone mass with age  [2] . The most rapid gains in 
bone mass are observed during adolescence, especially 
between 11 and 14 years in girls and between 14 and 16 
years in boys  [3] , with as much as 51% of peak bone mass 
accumulating during pubertal growth  [4, 5]  and reaching 
37% of the bone mineral density (BMD) of adults  [6] . Os-
teopenia and osteoporosis are health concerns that have 
their origin in adolescents, mainly affected by nutrition-
al and physical activity habits  [7, 8] . Osteoporosis is a dis-
ease characterized by decreased bone mass and deteriora-
tion of bone tissue  [9]  and is affected by the peak bone 
mass attained before the age of 20 years  [10] . Therefore, 
assessment of bone mineral content (BMC) and BMD sta-
tus in children and adolescents is important for health 
and the prevention of diseases. Bone development de-
pends on its metabolic activity, which includes bone for-
mation, resorption and, as a consequence, bone turnover 
that is mediated by several hormones and micronutrients. 
To assess bone metabolism during growth may provide 
early information of impaired bone mass development.

  Several biochemical markers of bone metabolism have 
been described  [11] : osteocalcin, aminoterminal propep-
tide of type I procollagen (PINP) as markers of bone for-
mation and serum or urine  � -isomer of the carboxiter-
minal telopeptide of type I collagen ( � -CTX), as marker 
of bone resorption. Osteocalcin is an established and ex-
tensively used biochemical marker of bone formation be-
cause it is the major non-collagenous protein of bone ma-
trix  [11]  and it is specifically produced by osteoblasts in 
the bone. High levels of osteocalcin are associated with 
both high bone formation and high bone turnover  [12] . 
Type I collagen accounts for more than 90% of the or-
ganic matrix of the bone  [13] . PINP is a specific indicator 
of type I collagen deposition and thus may be defined as 
a specific bone formation marker. This PINP is released 
into the intracellular space and eventually into the blood 
stream during type I collagen formation, and it is present 
in the circulation before the collagen molecules are as-
sembled into fibers  [12] . During collagen breakdown, C-
terminal telopeptide fragments of various sizes are re-
leased into the circulation. It has been observed that type 
I collagen molecules can undergo  � -isomerization of the 
aspartic acid residue within its telopeptides  [14, 15] . Con-
sequently, type I collagen molecules may be present in 
bone matrix as either linear ( � ) or  � -isomerized C-telo-
peptides ( � -CTX)  [16] . By determining bone formation 
and resorption markers, bone turnover activity can be 
estimated.

  To our knowledge, little information exists about bone 
formation and resorption markers during adolescence. 

This is especially important in girls, because they are at a 
higher risk than males of developing osteoporosis in 
adulthood  [17] . Therefore, the aim of this report is to de-
scribe bone mass and metabolism (measuring formation 
and resorption markers – osteocalcin, PINP and  � -CTX) 
through adolescence, according to age and Tanner stage 
in male and female adolescents.

  Subjects and Methods 

 The HELENA (Healthy Lifestyle in Europe by Nutrition in 
Adolescence) is a European Union-funded project  [7, 8]  which in-
cludes a cross-sectional multicenter study (CSS) that was per-
formed in adolescents aged 12.5–17.5 years from 10 European cit-
ies. The general characteristics of the HELENA-CSS have been 
described in detail elsewhere  [18] . For this study, we considered 
only Spanish adolescents from Zaragoza, because dual-energy X-
ray absorptiometry (DXA) was only performed at this study cen-
ter. From a total sample of 390 adolescents recruited in the schools 
of Zaragoza, a subsample of 345 (168 males and 177 females, mean 
age 14.78  8  1.19 years) had valid data on DXA and were then in-
cluded in this study. For the analysis, subjects were classified into 
groups according to their age based on their visit to the labora-
tory (12.5–14.99 and 15–17.5 years) and also according to their 
Tanner stage ( ̂  IV and V). In the HELENA-CSS protocol, it was 
established that blood samples were obtained in one third of the 
population sample. Analysis of bone markers was carried out on 
serum (osteocalcin, n = 101; PINP, n = 92, and  � -CTX, n = 65) and 
urine samples  � -CTX, n = 237). Written informed consent was 
obtained from parents and adolescents  [19] . The study was per-
formed following the ethical guidelines of the Declaration of Hel-
sinki 1961 (revision of Edinburgh 2000). The study protocol was 
approved by the Ethics Committee for Clinical Research from the 
Government of Aragón (CEICA, Spain). A complete description 
of ethical issues and good clinical practice within the HELENA-
CSS can be found elsewhere  [19] .

  The general HELENA inclusion criteria were: not to partici-
pate simultaneously in another clinical trial; to be free of any 
acute infection lasting until  ! 1 week before inclusion, and to have 
valid data for age, sex and body mass index. In addition, medical 
history of diseases or medications affecting bone metabolism 
were established as specific exclusion criteria for this report. Fi-
nally, 45 of 390 adolescents were excluded in Zaragoza.

  Anthropometric Measurements 
 International guidelines for anthropometry in adolescents 

 [20–23]  were applied. Barefoot and clad in   light indoor clothing, 
body weight (kg) and height (cm) were measured with an elec-
tronic scale (Type SECA 861; precision 100 g, range 0–150 kg) and 
a stadiometer (Type Seca 225; precision 0.1 cm, range 70–200 cm).

  Tanner Stage 
 Physical examination was performed by a physician aiming to 

classify the adolescents into 1 of the 5 stages of pubertal maturity 
defined by Tanner and Whitehouse  [24] . As previously described, 
subjects were classified into 2 groups depending on sexual matu-
ration: Tanner  ̂  IV and V.
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  Bone, Lean and Fat Mass 
 Adolescents were scanned in order to obtain bone measure-

ments of the whole body, pelvis, hip, lumbar spine and average of 
arms and legs.   The bone mass and lean mass [body mass – (fat 
mass + bone mass)] were measured using DXA (pediatric version 
of the software QDR-Explorer, Hologic Corp., software version 
12.4, Waltham, Mass., USA). DXA equipment was calibrated us-
ing a lumbar spine phantom as recommended by the manufac-
turer. Subjects were scanned in the supine position and the scans 
were performed at high resolution  [25] . Lean mass (g), fat mass 
(g), total area (cm 2 ) and BMC (g) were calculated from total and 
regional analysis of the whole body scan. BMD (g � cm –2 ) was cal-
culated using the formula BMD = BMC � area –2 . The regional anal-
ysis (upper and lower extremities and pelvic region) was per-
formed as described elsewhere  [25] . Additional examinations 
were conducted to estimate bone mass at the lumbar spine (L1–
L4) and hip regions as previously described  [26] .

  Calcium Intake 
 Mean daily calcium intake was estimated from two non-con-

secutive 24-hour recalls using the HELENA-DIAT (Dietary As-
sessment Tool) software  [27] . For the assessment of calcium in-
take, the food composition tables published by Farrán et al.  [28]  
were used for Spanish adolescents. The calcium intake/lean mass 
ratio (mg/kg) was also calculated.

  Specimen Blood Collection and Biochemical Analyses 
 Fasting blood samples (24.3 ml) were collected by venipunc-

ture at school between 8 and 10 o’clock in the morning after a 10-
hour overnight fast. Centrifugation was performed at room tem-
perature. For the measurement of bone parameters, blood was 
collected in heparinized tubes, immediately placed on ice and 
centrifuged within 30 min (3,500 r.p.m. for 15 min) to avoid he-
molysis. Immediately after centrifugation, the samples were 
stored and transported at 4–7   °   C (during a maximum of 14 h) to 
the central laboratory in Bonn and stored there at –80   °   C until as-
sayed. Then at the Universidad Politécnica in Madrid, Spain, bone 
marker (osteocalcin, PINP and serum and urine  � -CTX) concen-
trations were determined by electrochemiluminescence immu-
noassay using an Elecsys 2010 analyzer from Roche Diagnostics 
GmbH (Germany). The kits used were also purchased from Roche 
Diagnostics GmbH.

  The measuring range of serum osteocalcin was 0.50–300  � g/l 
(defined by the lower detection limit and the maximum of the 
calibration curve). Values below the detection limit were reported 
as  ! 0.50  � g/l. Values above the measuring range were diluted by 
Elecsys diluent universal at a concentration of  1 60  � g/l. Osteo-
calcin presented coefficients of variation of 4.0 and 6.5% at 15.5 
 � g/l and 1.4 and 1.8% at 68.3  � g/l. Total PINP in serum had a 
measuring range of 5–1,200  � g/l. Intra- and inter-assay coeffi-
cients of variation were 1.8 and 2.3% at 274  � g/l and 2.9 and 3.7% 
at 799  � g/l. Values below the detection limit were reported as  ! 5 
 � g/l. Values above the measuring range of 1,200  � g/l were di-
luted by Elecsys diluent universal at a recommended concentra-
tion of  1 100  � g/l. Analytical sensitivity (lower detection limit) 
was  ! 5  � g/l. Serum and urine  � -CTX had intra- and inter-assay 
coefficients of variation of 1.0 and 1.6% at 3.59  � g/l and 4.6 and 
4.7% at 0.08  � g/l. Measuring range was 0.010–6.00  � g/l; analyti-
cal sensitivity (lower detection limit) was 0.01  � g/l, and function-
al sensitivity was 0.07  � g/l.

  Statistics 
 As descriptive statistics, mean and standard deviation (SD) are 

given for raw data bone mass-related variables and mean and 
standard error for bone mass-adjusted results. Since residuals did 
not show satisfactory patterns, bone markers are presented as me-
dian and interquartile intervals.

  For the analysis by age and pubertal status, we used the inde-
pendent samples t test and the Kruskal-Wallis H to determine sex 
differences for bone mass- and bone marker-related variables, re-
spectively. To determine differences between age groups or Tan-
ner stages in bone mass- and bone marker-related variables, one-
way ANOVA, with Bonferroni post hoc or Kruskal-Wallis H, was 
applied. For adjusted results, one-way analysis of covariance
(ANCOVA) with Bonferroni post hoc was used, including as co-
variates: height; whole body lean mass (arm lean mass for the up-
per limbs and leg lean mass for the lower limbs); percentage of fat 
mass, and pubertal development (only when grouping by age). Ef-
fect size statistics is a measure of the magnitude of effect and in 
this study was assessed using Cohen’s d (standardized mean dif-
ference) and 95% confidence interval  [29] . Taking into account 
the cutoff established by Cohen, the effect size (Cohen’s d) can be 
small ( � 0.2), medium ( � 0.5) or large ( � 0.8).

  SPSS version 14.0 was used for analysis. The probability value 
for the significance level was fixed at 0.05.

  Results 

  Table 1  shows a descriptive analysis (mean  8  SD) of 
the total sample categorized by age groups in male and 
female adolescents. Males had higher whole body BMC 
and lean mass in both groups (all p  !  0.05) compared with 
females. In females, the percentage of fat mass was high-
er compared to males in both groups (all p  !  0.05). How-
ever, no differences were found in the ratio calcium/lean 
mass (mg/kg) between sexes.

  Bone Mass in Male and Female Adolescents 
 In general, males showed higher BMC and BMD in 

most of the regions in both age groups (p  !  0.05;  table 2 ) 
and Tanner groups (p  !  0.05;  table 3 ).

  After adjusting for differences in height, whole body 
lean mass, arm lean mass (for the upper limbs), leg lean 
mass (for the lower limbs), percentage of fat mass and sex-
ual maturation (only for age groups;  tables 4 ,  5 ), we ob-
served that females had higher BMC and BMD in most of 
the regions in the age groups and especially in Tanner V 
(p  !  0.05). In the whole group, females presented higher 
values for BMC and BMD in most of the regions except 
for hip BMC (p = 0.692) and BMD (p = 0.237) and lower 
limb BMD (p = 0.724). We observed medium–large effect 
sizes for all bone mass-related variables. Additional anal-
yses were made after further including calcium intake as 
a covariate, but the results did not change (data not shown).
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12.5–14.99 years 15–17.5 years Whole group

Males 90 78 168
Age, years 13.8180.68 15.9480.6 14.881.24
Height, cm 164.14819.72* 172.9813.83* 168.2817.74*
Body mass, kg 58.97813.39* 66.81816.21* 62.61815.24*
BMC, g 1,946.788460.98* 2,368.978373.21* 2,142.88471.24*
Lean mass, kg 42.5788.71* 49.7186.06* 45.8988.38*
Fat mass, % 22.8487.2* 19.0186.19* 21.0687*
Calcium/lean, mg/kg 20.487.76 18.588.06 19.687.93

Females 95 82 177
Age, years 13.8980.7 15.7780.56 14.7681.13
Height, cm 159.3387.24 159.53819.01 159.42813.95
Body mass, kg 53.7989.99 55.6787.64 54.6689
BMC, g 1,789.288324.93 1,972.478274.18 1,874.158315.24
Lean mass, kg 34.6584.92 36.5884.13 35.5484.66
Fat mass, % 30.5485.51 29.5184.99 30.0685.29
Calcium/lean, mg/kg 20.789.2 19.289.96 2089.56

*  p < 0.05 for sex differences.

12.5–14.99 years 15–17.5 years Whole group p

Males 90 78 168
BMC, g

Whole body 1,946.788460.98* 2,368.978373.21* 2,141.828470.01* 0.000
Pelvis 219.41870.83* 286.44869.79* 250.24877.6* 0.000
Hip 33.5188.51* 41.0788.77* 37.33810.35* 0.000
Lumbar spine 45.41812.99 60.80812.12* 52.51814.69 0.000
Upper limbs 114.64833.91* 143.82825.30* 128.12833.39* 0.000
Lower limbs 405.238109.33* 485.14878.54* 442.28103.68* 0.000

BMD, g�cm–2

Whole body 1.02180.108 1.12780.103* 1.0780.118* 0.000
Pelvis 1.03180.167 1.15080.144* 1.08680.167 0.000
Hip 0.96280.140* 1.05180.138* 1.00480.146* 0.000
Lumbar spine 0.81980.127* 0.96380.119 0.88680.142* 0.000
Upper limbs 0.67080.061* 0.73380.061* 0.69980.068* 0.000
Lower limbs 1.14380.144* 1.26580.123* 1.19980.148* 0.000

Females 95 82 177
BMC, g

Whole body 1,789.288324.93 1,972.478274.18 1,874.158315.24 0.000
Pelvis 195.93848.02 216.38842.03 205.4846.36 0.000
Hip 25.5384.94 27.0285.10 26.2285.06 0.000
Lumbar spine 48.21810.45 52.06810.43 50.01810.58 0.000
Upper limbs 103.97820.06 114.09817.86 108.66819.68 0.000
Lower limbs 328.29860.75 354.70855.18 340.52859.55 0.000

BMD, g�cm–2

Whole body 1.01480.105 1.07480.086 1.04280.101 0.000
Pelvis 1.04280.142 1.07780.115 1.05980.131 0.000
Hip 0.88680.109 0.91680.110 0.980.11 0.000
Lumbar spine 0.91980.132 0.95380.103 0.93580.12 0.000
Upper limbs 0.63280.048 0.65880.045 0.64480.048 0.000
Lower limbs 1.04580.101 1.08880.091 1.06580.098 0.000

*  p < 0.05 for sex differences.

Table 1.  Characteristics of the sample by 
age groups (mean 8 SD)

Table 2.  Bone mineral content (BMC) and 
density (BMD) in males and females by 
age groups (mean 8 SD)
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  Bone Metabolism Markers in Male and Female 
Adolescents 
  Figure 1  describes the osteocalcin, PINP and serum 

 � -CTX and urine  � -CTX concentrations in male and fe-
male adolescents by age or sexual maturation groups. 
Compared to females, males presented higher levels of all 
formation and resorption biochemical markers in all age 
and Tanner groups (all p  !  0.05), except urine  � -CTX in 
Tanner  ̂  4 (p = 0.081).

  Males had a significantly lower concentration in PINP 
in the 15–17.5 years group compared to the younger 
group (p  !  0.05) and females also had lower concentra-
tions in the 15–17.5 years group in bone formation mark-
ers (all p  !  0.05) and urine  � -CTX (p  !  0.05) compared 
to the younger group. Both males and females had a sig-
nificantly lower concentration in bone formation and re-
sorption biochemical markers in Tanner V compared to 
Tanner  ̂  IV (all p  !  0.05). 

  In the whole group, compared to females, males pre-
sented higher concentrations in both formation and re-
sorption markers (all p  !  0.05). Therefore, males showed 
increased bone turnover compared to females. Medium–
large effect sizes were found for all bone markers except 
for serum  � -CTX and osteocalcin (in females), both with 
small effect sizes.

  Discussion 

 The main results of this study are: (1) males presented 
higher values of BMC and BMD when classified by age 
and sexual maturation, but after adjusting for differences 
in height, whole body lean mass, arm lean mass (for the 
upper limbs), leg lean mass (for the lower limbs), percent-
age of fat mass and sexual maturation (only for age 
groups), results showed that females had higher values of 
BMC and BMD in most regions; (2) males showed an in-
creased bone turnover compared to females across ado-
lescence, and (3) bone formation markers were lower in 
both sexes in advanced age and puberty groups when 
compared with the early age and puberty group.

  Bone Mass through Adolescence 
 The period of puberty is characterized by sex differ-

ences in bone size and bone strength, and those are the 
result of the greater endocortical and periosteal expan-
sion during prepubertal years and the minimal endocor-
tical contraction in males compared with the high endo-
cortical contraction and the inhibition of periosteal ap-
position in females after the pubertal growth spurt  [30, 

31] . Although genetics may explain up to 70% of the vari-
ance in bone mass  [32] , environmental and lifestyle fac-
tors are likely to contribute to the development of a strong 
skeleton during childhood and adolescence. This will 
help to prevent future osteopenia and osteoporosis. Stud-
ies assessing bone mass in children and adolescents pre-
sented different results according to the body region as-
sessed and depending on the confounders used for the 
adjustment. In our study, adolescent males were taller, 
heavier, with higher lean mass and lower fat mass per-
centage, factors that potentially could account for higher 
bone mass. Fat accumulation has been shown to be a pro-
tective value for bone health, although it has been shown 
that during growth it is more important to increase lean 
mass than fat mass to promote at least femoral bone mass 

Table 3.  Bone mineral content (BMC) and density (BMD) in males 
and females by Tanner stage (mean 8 SD)

Tanner ≤IV Tanner V p

Males 52 116
BMC, g

Whole body 1,791.838373.17* 2,300.138424.34* 0.000
Pelvis 196.65858.51* 274.68873.20* 0.000
Hip 31.4588.18* 39.5088.85* 0.000
Lumbar spine 41.11810.55 57.69813.41* 0.000
Upper limbs 102.08826.39* 139.90829.54* 0.000
Lower limbs 367.65888.69* 475.81892.52* 0.000

BMD, g�cm–2

Whole body 0.99480.091* 1.10580.112* 0.000
Pelvis 0.98180.143* 1.13380.156* 0.000
Hip 0.92780.141* 1.03780.136* 0.000
Lumbar spine 0.78180.117 0.93380.127 0.000
Upper limbs 0.65180.050* 0.72180.064* 0.000
Lower limbs 1.09880.124* 1.24580.135* 0.000

Females 19 158
BMC, g

Whole body 1,429.818280.37 1,927.588275.00 0.000
Pelvis 142.68837.06 212.95841.45 0.000
Hip 22.3085.98 26.6984.74 0.006
Lumbar spine 36.90810.47 51.5189.53 0.000
Upper limbs 84.32816.47 111.59817.97 0.000
Lower limbs 275.75859.96 348.31854.73 0.005

BMD, g�cm–2

Whole body 0.89780.089 1.05980.088 0.000
Pelvis 0.88280.103 1.08080.117 0.006
Hip 0.78580.101 0.91480.103 0.013
Lumbar spine 0.76480.128 0.95480.103 0.000
Upper limbs 0.59280.055 0.65080.044 0.000
Lower limbs 0.93980.097 1.08080.087 0.002

*  p < 0.05 for sex differences.
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acquisition  [26] . DXA infra estimates bone mass when 
measuring subjects with a higher amount of fat mass. Be-
cause we found big differences between the sexes in per-
centage of fat mass (21.06 vs. 30.06%, males and females), 
the percentage of body fat was also used as covariate.

  After considering the differences in height, lean mass, 
percentage of fat mass and sexual maturation we found 
that in most body regions females had significantly high-
er values of BMC and BMD than males in the whole 
group. Most of the descriptive studies published do not 
adjust for differences in these factors. Differences be-
tween sexes were not found after adjusting by weight, 
height and age in any pubertal stage for lumbar spine and 
whole body in 11- to 15-year-old children  [33] . This could 

be due to the age range in which the study was performed, 
during the pubertal growth spurt of girls  [10] . The latter 
study  [33]  showed that whole body BMD increased until 
pubertal stage IV, but an increase in bone mass was not 
detected after this stage in boys. Our data show increases 
until Tanner stage V. The discrepancies could be ex-
plained by the differences in sample size between studies 
and because lean mass was not previously taken into ac-
count, even when it has been observed to have a great in-
fluence on bone development  [26, 34, 35] . Since most of 
the studies do not show adjusted data, the present results 
add new evidence of bone sex dimorphism accounting for 
differences in height, percentage of fat mass and lean 
mass. It should be acknowledged that the differences be-

Table 4.  Bone mineral content (BMC) and density (BMD) in males and females by age groups adjusted by dif-
ferences in height, whole body lean mass, arm lean mass (for the upper limbs), leg lean mass (for the lower limbs), 
percentage of fat mass and sexual maturation (mean 8 SE)

12.5–14.99 years 15–17.5 years Whole group p

Males 90 78 168
BMC, g

Whole body 1,772.45828.41* 1,960.28838.56* 1,867.05822.86* 0.179
Pelvis 191.7385.04* 220.2288.06* 206.4184.34* 0.439
Hip 29.880.66 33.5981.07 31.5680.57 0.137
Lumbar spine 40.5680.98* 4881.62* 44.180.87* 0.005
Upper limbs 101.5981.82* 116.5182.37* 108.481.46* 0.026
Lower limbs 361.8886.41 397.3487.82* 378.9284.88* 0.526

BMD, g�cm–2

Whole body 0.98880.011* 1.03780.015* 1.01280.009* 0.014
Pelvis 0.98280.015* 1.05880.021* 1.01880.012* 0.892
Hip 0.91980.013 0.9580.02 0.93780.011 0.765
Lumbar spine 0.79680.013* 0.8880.019* 0.83380.011* 0.007
Upper limbs 0.64580.005 0.67680.008* 0.65880.005* 0.021
Lower limbs 1.180.012 1.15580.016 1.12780.01 0.083

Females 95 82 177
BMC, g

Whole body 1,954.44827.31 2,361.23837.04 2,135.88821.93 0.025
Pelvis 222.1584.84 279.3787.74 247.2884.18 0.454
Hip 29.0480.63 34.0481.02 31.3580.55 0.708
Lumbar spine 52.980.95 64.2481.56 58.1380.84 0.774
Upper limbs 116.3381.75 140.0782.27 127.4581.41 0.002
Lower limbs 369.3686.16 438.2187.51 400.7184.7 0.211

BMD, g�cm–2

Whole body 1.04580.011 1.15980.014 1.09780.009 0.021
Pelvis 1.08880.014 1.16480.02 1.12380.012 0.772
Hip 0.92680.013 1.01180.019 0.96280.01 0.862
Lumbar spine 0.94280.013 1.03280.018 0.98680.01 0.934
Upper limbs 0.65580.005 0.71280.007 0.68380.004 0.005
Lower limbs 1.08680.012 1.19380.016 1.13480.009 0.203

*  p < 0.05 for sex differences.
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tween males and females might also be influenced by the 
fact that skeletal age may be more advanced in female 
adolescents; we tried to minimize this effect by adjusting 
for maturation. However, it could be interesting for fu-
ture research to study this confounder in more depth.

  Several studies have observed that the most important 
increases in BMD (lumbar spine, femoral neck, radius 
and hip) in both sexes occur at Tanner stages IV–V  [36–
41] . Our adjusted data show similar results for females in 
all measured regions except for the hip, and also our 
crude results change significantly from Tanner  ̂  IV to 
Tanner V in all regions in both sexes. However, Slemenda 
et al.  [40]  found that pubertal development has varying 
effects on skeletal mineral deposition depending on the 

skeletal site considered. Other factors such as physical ac-
tivity and normal growth have also been positively asso-
ciated with skeletal mineralization  [34, 42, 43] , and also 
depending on skeletal site and sexual maturation. Our 
analyses were grouped into 2 categories (Tanner  ̂  IV 
and Tanner V) in order to obtain a higher sample in the 
first group, and were then not comparable with those of 
Slemenda et al.  [40] . Additional analyses were made to 
classify the subjects into 3 Tanner stages (III, IV and V; 
data not shown) and these were in agreement with Sle-
menda et al.  [40] , showing the most important BMD in-
crease in all regions between Tanner stages III and IV in 
males, while in females differences were found depend-
ing on the region: whole body, pelvis and average arms at 
Tanner stage IV–V, and hip, lumbar spine and average 
legs at Tanner stage III–IV. The latter results reinforce the 
evidence of dimorphic site-specific bone accretion be-
tween sexes.

  Bone Markers through Adolescence 
 The use of bone turnover markers deals with three im-

portant difficulties: (1) the variability of nearly all bone 
markers makes it difficult to apply the results derived 
from large studies to individual patients; (2) many coun-
tries lack pivotal quality control programs for bone turn-
over markers, and (3) the lack of valid reference ranges 
makes it difficult for clinicians to interpret a given result 
 [44] . Thus, our study tries to enlarge the knowledge in 
this field by providing data for Spanish adolescents.

  The period of puberty is associated with high bone 
turnover  [45–47] . Our results show that the formation 
(osteocalcin and PINP) and resorption (serum and urine 
 � -CTX) markers were lower in both sexes in advanced 
puberty and age groups when compared with the early 
groups. Those results are consistent with Caucasian girls 
aged 9–15 years  [11]  for bone formation (osteocalcin, se-
rum bone-specific alkaline phosphatase and PINP) and 
bone resorption (serum CTX). In Dutch children aged 
8–15 years, Van Coeverden et al.  [48]  showed that, from 
the peak values to the end of puberty, markers of forma-
tion (serum alkaline phosphatase, bone-specific alkaline 
phosphatase, osteocalcin and PINP) and resorption (se-
rum carboxyterminal telopeptide and urine deoxypyri-
doline) significantly decreased in girls, except for deoxy-
pyridoline/creatinine; but significant decreases were not 
found in boys, except for carboxyterminal telopeptide. 
We cannot discuss the peak concentration as we have 2 
groups for both age and sexual maturation, thus we refer 
to maximum concentration. Significantly lower concen-
trations were found for PINP in both sexes and osteocal-

Table 5. B one mineral content (BMC) and density (BMD) in males 
and females by Tanner Stage adjusted by differences in height, 
whole body lean mass, arm lean mass (for the upper limbs), leg lean 
mass (for the lower limbs) and percentage of fat mass (mean 8 SE)

Tanner ≤IV Tanner V p

Males 52 116
BMC, g

Whole body 1,690.07822.7 1,856.72830.49* 0.538
Pelvis 180.5484.31 205.0885.98* 0.539
Hip 29.580.76 31.8680.76 0.409
Lumbar spine 38.0980.79* 44.0581.21* 0.564
Upper limbs 94.9381.63* 109.3481.95* 0.033
Lower limbs 343.8184.99 380.5586.69* 0.729

BMD, g�cm–2

Whole body 0.9780.01 1.00380.012* 0.775
Pelvis 0.94580.012 1.0280.016* 0.887
Hip 0.89480.013 0.93880.015* 0.35
Lumbar spine 0.7580.012* 0.84180.014* 0.208
Upper limbs 0.63680.006 0.65880.006* 0.236
Lower limbs 1.06680.011 1.12880.013 0.28

Females 19 158
BMC, g

Whole body 1,708.31840.77 2,253.12823.98 0.000
Pelvis 186.7587.74 264.0584.7 0.000
Hip 27.6281.37 32.2580.59 0.408
Lumbar spine 45.6181.43 61.5980.95 0.000
Upper limbs 103.8882.98 134.0281.53 0.000
Lower limbs 340.9988.95 418.2585.25 0.000

BMD, g�cm–2

Whole body 0.96280.017 1.13480.009 0.000
Pelvis 0.97980.022 1.16380.013 0.000
Hip 0.87780.024 0.98680.012 0.002
Lumbar spine 0.85280.022 1.02280.011 0.000
Upper limbs 0.63280.01 0.69680.005 0.000
Lower limbs 1.02880.02 1.16680.01 0.000

*  p < 0.05 between genders.
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  Fig. 1.  Osteocalcin, PINP and serum and urine  � -CTX in males and females by age groups and Tanner Stage. 
Grey boxes = Males; white boxes = females.   *   p  ̂   0.05 between sexes. All values are medians and interquartile 
intervals.   
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cin and urine  � -CTX in females in the 15–17.5 years age 
group compared to the younger group suggesting lower 
bone metabolic activity, especially in females. Further 
analyses were performed to classify the sample into Tan-
ner III, IV and V showing that the maximum concentra-
tion of osteocalcin, serum  � -CTX and urine  � -CTX oc-
curred in Tanner IV in both sexes, except for serum  � -
CTX in females, which occurred in Tanner stage III, 
while the maximum concentration of PINP occurred in 
Tanner stage III in both sexes (data not shown). At least 
in males for osteocalcin, these results are consistent with 
those of Van Coeverden et al.  [48] . However, in the study 
by Yilmaz et al.  [33] , the peak of osteocalcin was reached 
in Tanner III in both sexes, which is not consistent with 
our results. They also observed that osteocalcin did not 
change significantly in pubertal stages. On the other 
hand, we found significantly lower osteocalcin concen-
trations in Tanner V compared to Tanner III in males and 
between Tanner stages III–V and IV–V in females (data 
not shown). The latter suggests that osteocalcin seems to 
vary depending on sexual maturation as well as on in-
creasing age, again especially in females.

  In the whole age range (12.5–17.5 years) and also in all 
age and Tanner groups, we found sex differences in all 
bone markers, showing higher concentrations in males 
compared to females, except for urine  � -CTX in Tanner 
 ̂  IV. These suggest higher metabolic activity in males 
and, as a consequence, an increased bone turnover.

  The differences between studies could be due to dif-
ferences in methodology, the analyzer, sample size, diur-
nal and seasonal differences, and menarche in girls. 
These factors might influence the concentration of each 
bone marker and should be taken into account in future 
research.

  In summary, our results indicate that males had high-
er values of BMC and BMD in most regions in advanced 
puberty or age groups when compared with early puber-
ty or younger groups, possibly because they are taller and 
have higher lean mass, but perhaps also for the influence 
of several other confounders such as fat mass and sexual 
maturation. However, after taking into account differ-
ences in these confounders, females showed higher BMC 
and BMD. Our results support the evidence of dimorphic 
site-specific bone accretion between sexes.

  For bone markers, we describe sex-specific data for 
bone formation (osteocalcin and PINP) and bone resorp-
tion markers (serum and urine  � -CTX). Our results show 
that males present an increased and longer-lasting bone 
turnover compared to females, suggesting higher bone 
metabolic activity in males during adolescence.

  Strengths and Limitations 
 The main strength of the study was that the estimation 

of BMC and BMD was performed in the same adolescents 
in whom we measured bone turnover, but we need to con-
sider that DXA scanners are not able to measure real 
BMD or volumetric BMD (usually expressed in g/cm 3 ); 
what they measure is an areal BMD (g/cm 2 ). However, 
DXA scanners are commonly used for children and ado-
lescents. In addition, our study does not include adoles-
cents of all pubertal stages, thus our results are limited to 
Tanner stages III–V. The use of potential confounders 
such as height, whole body lean mass, arm lean mass (for 
the upper limbs), leg lean mass (for lower limbs), percent-
age of fat mass, and sexual maturation (when grouping by 
age) are also strengths of our study.

  The biochemical markers used in our study have an 
important degree of variability which could be due to the 
analytical performance characteristics of the method, 
but also to the biological variability of the markers, as well 
as the influence of pre-analytical conditions. The factors 
that confound measurement of the markers we used to a 
variable degree could be circadian rhythm, diet, age, sex, 
menstrual cycle, liver function, kidney clearance, as well 
as thermal stability, storage, and repeated freeze-thaw cy-
cles.

  With the aim of minimizing drawbacks, in the present 
study all adolescents were measured under the same con-
ditions. Blood draws and urine samples were collected 
and stored at the same time in the morning. All adoles-
cents were measured from October 2006 to June 2007 at 
stable temperature. It could be interesting for future re-
search to adjust by the remaining factors that could influ-
ence bone marker concentrations.
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