Osteoporos Int (2012) 23:937-947
DOI 10.1007/s00198-011-1649-3

ORIGINAL ARTICLE

Adiposity and bone health in Spanish adolescents.

The HELENA study

L. Gracia-Marco - F. B. Ortega - D. Jiménez-Pavon -
G. Rodriguez - M. J. Castillo - G. Vicente-Rodriguez -
L. A. Moreno

Received: 28 February 2011 /Accepted: 18 April 2011 /Published online: 12 May 2011
© International Osteoporosis Foundation and National Osteoporosis Foundation 2011

Abstract

Summary While the association of lean mass (LM) with bone
mass is well understood, the association of fat mass (FM) with
bone mass is controversial. Our results support that adolescents
with higher levels of adiposity have greater bone mass, but this
association is fully explained by their higher levels of LM.
Introduction We aimed (1) to study the independent
association of FM and LM with bone mass and (2) to
study the differences in bone mass by weight status in
adolescents, after controlling for relevant confounders, such
as physical activity (PA), calcium intake, and LM.
Methods Participants were 330 adolescents (167 boys,
12.5-17.5 years) from the HELENA study. The relation-
ships of FM (DXA, n=330; BodPod, »=282) and LM
(DXA, n=330) with different bone variables (whole body,
total hip, lumbar spine, and femoral neck) were analyzed by
linear regression, and differences between weight status
were analyzed by ANCOVA.
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Results Fat mass (DXA) was positively associated with bone
variables in both sexes, after adjustment for height, calcium
intake, and sexual maturation. Additional adjustment by PA
slightly increases the associations. However, adjustment for
LM inverted these associations. Similar results were obtained
using BodPod instead of DXA for assessing FM. Overweight/
obese adolescents had higher BMC than their non-overweight
peers in most of regions studied. Additional adjustment for PA
slightly increased the differences between weight status
groups, while adjusting for LM inverted the associations.
LM was strong and positively associated with all bone
variables in both sexes. Additional adjustment for PA or FM
did not change the results.

Conclusions Adolescents with higher levels of adiposity
have greater bone mass, but this association is explained by
their higher levels of LM.

Keywords Adolescents - BMI - Bone health - Soft tissues

F. B. Ortega - D. Jiménez-Pavon - M. J. Castillo
Department of Physiology, School of Medicine,
University of Granada,

Granada, Spain

G. Rodriguez

Department of Pediatrics, Faculty of Medicine,
University of Zaragoza,

Zaragoza, Spain

G. Rodriguez
Instituto Aragonés de Ciencias de la Salud,
Aragén, Spain

G. Vicente-Rodriguez

Faculty of Health and Sport Science (FCSD),

Department of Physiatry and Nursing, University of Zaragoza,
Ronda Misericordia 5,

22001-Huesca Zaragoza, Spain

@ Springer



938

Osteoporos Int (2012) 23:937-947

Introduction

Osteoporosis is a disease characterized by decreased bone
mass and bone tissue deterioration [1]. Acquiring a high
bone mass during childhood and adolescence is a key
determinant of adult skeletal health [2] and it may decrease
the risk of osteoporotic fractures by 50% [3, 4]. Although
genetics plays an important role on bone mass, environ-
mental and lifestyle factors such as physical activity (PA)
[5] and nutrition, i.e., calcium intake [6] have important
osteogenic effects.

Lean mass (LM) is a major predictor for bone mineral
content (BMC) and for bone accumulation during puberty
[7, 8]. During this period of life, increases in LM contribute
to increase bone mass, as explained by the mechanostat
theory (bigger muscles exert higher tensile forces on the
bones they attach) [9, 10]. Therefore, PA and sport
participation could indirectly increase bone mass via
increasing LM. In addition, sport participation has a direct
influence on bone mass because of the extra load that some
sport activities have on the bone [11, 12].

While the role of LM in bone formation is well
understood, much less is known about fat mass (FM) and
bone mass. Some studies have suggested that FM is
positively related to bone mass in girls [13, 14], which
has been longitudinally confirmed [15, 16]; whereas, others
have observed that FM is negatively associated with bone
mineral density (BMD) in boys [13, 17].

Whether overweight and obese people have a better or
worse bone health is unknown. Hypothetically, both a
positive and negative association could be reasonable.
Overweight and obese people are known to have both
greater body weight and LM, involving an extra load on the
skeleton and higher tensile forces on bones. As a
consequence of this greater LM, they could have higher
bone mass. On the other hand, overweight and obese
people are known to be less active than their normal peers
[18], and because of these low activity levels, they could be
at a higher risk for low bone mass. However, the literature
on this topic is contradictory. Therefore, it could be
hypothesized that, independently of their PA levels,
overweight and obese people could have greater bone
mass, result of the higher LM developed as consequence of
their higher FM, which is a new point of view on this topic.

Several studies have shown that overweight and obese
children and adolescents have higher levels of BMC and
BMD [19-22], while others have observed the opposite [23,
24]. Most of previous studies have not properly adjusted for
relevant confounders, such as PA, calcium intake, or LM.
Since adolescence is a key period of life for bone
development, to analyze the role of FM and LM on bone
mass as well as to know whether this relationships depends
on weight status are of high interest. This is especially
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important in girls, as they are less active [25], with higher
FM, lower LM, and at higher risk for developing
osteoporosis in adulthood than boys [26].

Therefore, we aimed (1) to study the association of FM
and LM on bone mass in adolescents after adjusting for
each other, PA and calcium intake, and (2) to study the
differences in bone mass by weight status in adolescents,
after controlling for relevant confounders, such as PA,
calcium intake, and LM.

Methods
Subjects

The Healthy Lifestyle in Europe by Nutrition in Adolescence
(HELENA) study is a European Union-funded project that
included a cross-sectional, multicentre study (HELENA-CSS)
conducted on adolescents aged 12.5-17.5 yrs from 10
European cities in 2006-2007 [27]. The general character-
istics of the HELENA-CSS have been described in detail
elsewhere [28]. In this report, we focus on the sample from
Zaragoza, one of the 10 centres involved in the HELENA
study, where BMC and BMD were measured by dual-energy
X-ray absorptiometry (DXA). After exclusion of 60 subjects
since they did not fulfill all the inclusion criteria for our
study, a total of 167 boys and 163 girls with complete data
on DXA (bone, FM, and LM), height, objective PA, calcium
intake, and sexual maturation assessment were included in
the analyses. Fat mass was also measured by air displace-
ment plethysmography using the BodPod device in a
subsample of 282 adolescents (48 missing values). The
participants included in the study did not differ from those
excluded in weight, height, and body mass index (BMI,
p>0.3). Signed informed consent was obtained from parents
and adolescents, and the protocol was approved by the ethics
committee of clinical research from the government of
Aragoén (CEICA, Spain) [29].

Anthropometric measurements

International guidelines for anthropometry in adolescents
were used in the HELENA study [30]. While the participants
were barefoot and clad in light indoor clothing, body weight
(in kilograms) and height (in centimeters) were measured
with an electronic scale (Type SECA 861), precision 100 g,
range 0-150 kg, and a stadiometer (Type Seca 225),
precision 0.1 c¢cm, range 70-200 cm, respectively.

Definition of weight status

Body mass index was calculated as body mass (in kilograms)
divided by height (in meters) squared. Participants were
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categorized according to the international gender and age-
specific BMI (in kilograms per square meter) cutoff points
[31, 32]. The cutoff points were equivalent to those
internationally accepted for adult population, i.e., under-
weight (BMI <18.5 kg/m?), normal weight (BMI=18.5—
24.9 kg/m?), overweight (BMI=25-29.9 kg/m?), and
obesity (BMI >30 kg/m?). Weight status was recoded as
a dichotomic variable: non-overweight (underweight+
normal weight) and overweight/obese (overweight+
obese), because of the low sample size in the underweight
and obese groups.

Pubertal development

Physical examination was performed by a physician aiming
to classify the adolescents in one of the five stages of
pubertal maturity defined by Tanner and Whitehouse [33].

Bone, lean and fat mass (DXA)

Adolescents were scanned with DXA (Hologic Explorer
scanner, using a pediatric version of the software QDR-
Explorer; Hologic Corp., software version 12.4, Bedford,
MA, USA). DXA equipment was calibrated using a lumbar
spine phantom as recommended by the manufacturer. For
the whole body measurement, subjects were scanned in
supine position and the scans were performed at high
resolution [34]. The BMD (in grams per square centimeter),
area (in square centimeters), FM (in grams), and LM (in
grams) [body mass—(FM+bone mass)] were determined for
each individual from total and regional analysis of the
whole body scan. Bone mineral content (in grams) was
calculated using the formula BMC=BMDxarea. Two
additional examinations were conducted to estimate bone
mass at the lumbar spine (mean L1-L4) and proximal
region of the femur (total hip and femoral neck) as
previously described [7].

We have previously examined the test-retest (with
repositioning) precision error for regional analysis of the
complete body scan, using coefficients of variation (CV) in
49 adolescents. The CV were: BMC=2.3%, BMD=1.3%,
bone area=2.6%, and fat-free lean mass=1.9% [35].

Fat mass (BodPod)

Body volume was measured by BodPod (Body Composi-
tion System; Life Measurement Instruments, Concord, CA)
using standardized procedures [36]. The BodPod was
calibrated daily according to the manufacturer's guidelines.
Subjects wore clothing according to the manufacturer's
recommendation (a swimsuit and a swim cap) to rule out air
trapped in clothes and hair. Adolescents were weighted on
the BodPod calibrated digital scale and then entered the

BodPod chamber. Body volume was measured two times
by the machine to ensure measurement reliability. If the
first two readings for body volume differed by more than
150 ml, a third measurement was taken. If additional
readings were needed, the BodPod was recalibrated and the
measurements were repeated for that subject [37]. Percent-
age of whole body FM was calculated using the equation
reported by Siri [38, 39]. Thoracic gas volume was
measured following the manufacturer's recommendations
[36]. This value was integrated into the calculation of body
volume. Whole body FM was calculated as percentage of
whole body FM multiplied by body mass (in kilograms)
and then divided by 100.

Calcium intake

Mean daily calcium intake was estimated from a two non-
consecutive, 24-h recalls using the HELENA-DIAT (Dietary
Assessment Tool) software [40]. For the assessment of
calcium intake, the food composition tables published by
Farran et al. [41] were used for the Spanish adolescents. The
calcium intake/LM ratio (in milligrams per kilogram) was
also calculated.

Physical activity

A uniaxial accelerometer (Actigraph GT1M; Manufacturing
Technology Inc. Pensacola, FL, USA) was used to assess
PA. Adolescents were instructed to place the monitor
underneath the clothing, at the lower back, using an elastic
waist band and wear it for seven consecutive days. They
were also instructed to wear the accelerometer during all
times awake and only to remove it during water-based
activities. At least 3 days of recording with a minimum of
8 h registration per day was set as an inclusion criterion.
The time sampling interval (epoch) was set at 15 s. Average
PA was calculated as the total number of counts per epoch
divided by total daily registered time (counts per minute)
[37].

Statistics

All the residuals showed a satisfactory pattern (normal
distribution). Data are presented as mean values+stan-
dard deviation unless otherwise stated. Gender differ-
ences were assessed by one-way analysis of variance
(ANOVA). Relationships of FM (measured with DXA
and BodPod) with different bone mass related variables
(i.e., whole body, total hip, lumbar spine, and femoral
neck) were analyzed using multiple linear regression
models, including height, calcium intake, and sexual
maturation as covariates (model 0). Model 1 included
model O+average PA to test the role of PA in this
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association. Model 2 included model 1+LM to test the
role of LM in this association. The same procedure was
used to analyze the relationships of LM with bone mass,
but with adjustment for FM instead of LM (model 2).

In order to analyze the role of body composition in the
association between bone mass related variables and weight
status, one-way analysis of covariance (ANCOVA) was
performed. The categorized variable of BMI was entered as
a fixed factor, bone mass related variables were entered as
dependent variables, and, in addition to the previous
confounders (i.e., height, calcium intake, and sexual
maturation), the average PA and LM were gradually entered
as confounders.

All the analyses were performed using the Statistical
Package for Social Sciences software (SPSS, v. 15.0 for
WINDOWS; SPSS Inc., Chicago, IL, USA), and values of
p<0.05 were considered statistically significant.

Results

Table 1 shows descriptive characteristics (mean+SD) of the
study sample. The ANOVA showed that there were no
differences between boys and girls in the mean age, BMD,
BMI, and calcium intake/lean mass ratio; however, most
traits differed by gender.

Table 2 shows the association between FM (DXA and
BodPod) and bone mass after adjusting by potential sets of
confounders. Fat mass (DXA) was positively associated
with whole body and femoral neck BMC in boys [semi-
partial correlation (semip corr), 0.200 and 0.130; p=0.001

and 0.05, respectively]. Additional adjustment by PA
slightly increases the positive association between FM and
whole body BMC, femoral neck BMC, and BMD (semip
corr, 0.139 to 0.213; p<0.001 to 0.049). Finally, the
inclusion of LM as a covariate inverted the associations
between FM and most of bone mass related variables
(semip corr, —0.112 to —0.270; p<0.001 to 0.012).
Similarly, FM was positively associated with most of bone
mass related variables in girls (semip corr, 0.155 to 0.295;
p<0.001 to 0.018), except for total hip and lumbar spine
BMC (p=0.057 to 0.339). Additional adjustment for PA
slightly increase the positive association between FM and
all bone mass related variables (semip corr, 0.163 to 0.302;
p<0.001 to 0.014), except for the lumbar spine BMC (p=
0.071). Finally, additional adjustment for LM inverted the
associations between FM and total hip and lumbar spine
BMC (semip corr, —0.130 to—0.156; p=0.006 to 0.025).
Similar results were obtained when using BodPod instead
of DXA for assessing FM.

Table 3 shows the association between LM and bone
mass after adjusting by potential sets of confounders. Lean
mass was strong and positively associated with all bone
mass related variables in boys (semip corr, 0.426 to 0.632;
all p<0.001). Additional adjustment for PA (semip corr,
0.409 to 0.615; all p<0.001) as well as FM (semip corr,
0.395 to 0.587; all p<0.001) did not change the results.
Slightly weaker associations were obtained between LM
and bone mass in girls (semip corr, 0.358 to 0.626; all p<
0.001). Additional adjustment for PA (semip corr, 0.339 to
0.601; all p<0.001) as well as FM (semip corr, 0.247 to
0.534; all p<0.001) did not change the results.

Table 1 Descriptive characteristics of the studied adolescents (n=330) by gender

Boys (n=167) Girls (n=163) p value
Age (years) 14.7+1.3 14.7+1.1 0.631
Sexual maturation (/IVIII/IV/V), (%) (0/5/11/20/64) (0/1/4/7/88) <0.001
Body mass (kg) 61.2+14.9 54.5+£9 <0.001
Height (cm)* 169.3 (160.7-175.3) 159.9 (155.0-165.2) 0.001
BMI (kg/m?) 21.243.2 21.243.2 0.897
Fat mass (DXA), (kg)* 11.4 (8.2-17.2) 15.7 (12.7-19.6) <0.001
Fat mass (BodPod, n=282), (kg)* 10.6 (6.9-16.6) 14.0 (11.1-18.3) <0.001
Lean mass (kg) 44.8+8.8 35.4+4.6 <0.001
BMC (g) 2,087.63+474.53 1,867.13+320.55 <0.001
BMD (g/cm?) 1.058+0.119 1.038+0.103 0.107
Calcium intake (mg/day)* 811.4 (648.9-1,105.8) 650.1 (492.3-822.2) <0.001
Calcium intake/lean mass ratio (mg/g) 0.020+0.009 0.020+0.009 0.614
Average PA (counts/min) 477.33+154.77 368.57+117.41 <0.001

Normally distributed variables are showed as mean+SD (ANOVA), proportions are noted for categorical variables.Gender differences are in bold

BMI body mass index, BMC bone mineral content, BMD bone mineral density, P4 physical activity

#Non-normally distributed variables are showed as median and interquartile intervals (25th and 75th, U Mann—Whitney)
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Table 2 Multiple linear regression analysis of BMC (in grams) and BMD (in grams per square centimeter) in Spanish adolescents participating in
the HELENA study as regards to fat mass

FAT MASS (DXA)

Dependent variables Model 0% Model 1° Model 2°

Boys (n=167)

BMC (g) B¢ Semip corr p value B¢ Semip corr p value B¢ Semip corr p value
Whole body 0.200 0.200 0.001 0.216 0.213 <0.001 -0.130 —-0.112 <0.001
Total hip 0.060 0.060 0.386 0.084 0.083 0.226 -0.212 —0.182 0.001
Lumbar spine —-0.012 —-0.011 0.844 0.000 0.000 0.996 -0.314 -0.270 <0.001
Femoral neck 0.130 0.130 0.052 0.155 0.153 0.020 —-0.150 —0.129 0.011
BMD (g/cm?)

‘Whole body 0.018 0.018 0.783 0.028 0.028 0.668 —0.288 —0.248 <0.001
Total hip 0.098 0.098 0.152 0.118 0.117 0.085 —0.164 —0.141 0.012
Lumbar spine 0.014 0.014 0.819 0.020 0.019 0.753 —0.255 -0.219 <0.001
Femoral neck 0.117 0.116 0.102 0.140 0.139 0.049 —0.095 —0.081 0.192
Girls (n=163)

BMC (g)

Whole body 0.311 0.295 <0.001 0.329 0.302 <0.001 —0.051 —0.040 0.371
Total hip 0.194 0.184 0.339 0.215 0.197 0.007 —0.168 —0.130 0.025
Lumbar spine 0.139 0.132 0.057 0.135 0.124 0.071 —0.200 —0.156 0.006
Femoral neck 0.316 0.300 <0.001 0.352 0.323 0.000 0.070 0.054 0.358
BMD (g/cm?)

Whole body 0.164 0.155 0.018 0.177 0.163 0.014 —0.068 —0.053 0.371
Total hip 0.213 0.202 0.003 0.248 0.228 0.001 0.021 0.016 0.796
Lumbar spine 0.273 0.260 <0.001 0.263 0.241 <0.001 0.064 0.049 0.404
Femoral neck 0.228 0.217 0.002 0.265 0.243 0.001 0.079 0.061 0.353

FAT MASS (BODPOD)

Dependent variables Model 0° Model 1° Model 2¢
Boys (n=134)

BMC (g) B Semip corr p value B4 Semip corr p value B Semip corr p value
Whole body 0.167 0.166 0.011 0.176 0.174 0.008 —-0.127 —-0.113 0.002
Total hip 0.072 0.071 0.361 0.084 0.083 0.286 —0.181 -0.161 0.010
Lumbar spine —0.046 —0.046 0.475 —0.042 —0.042 0.517 —0.308 —0.273 <0.001
Femoral neck 0.099 0.098 0.197 0.113 0.112 0.137 —-0.157 -0.139 0.017
BMD (g/cm?)

Whole body —0.021 —-0.021 0.770 -0.017 -0.016 0.820 -0.278 —0.247 <0.001
Total hip 0.053 0.052 0.503 0.065 0.065 0.404 —0.192 —0.162 0.016
Lumbar spine -0.018 -0.018 0.795 -0.017 -0.017 0.801 —0.237 -0.211 <0.001
Femoral neck 0.065 0.065 0.423 0.078 0.077 0.334 —-0.121 —0.108 0.137
Girls (n=148)

BMC (g)

Whole body 0.157 0.151 0.892 0.183 0.168 0.017 —0.140 —-0.116 0.014
Total hip 0.063 0.060 0.440 0.096 0.088 0.259 -0.218 —0.180 0.003
Lumbar spine —0.013 -0.013 0.860 —0.010 —0.009 0.901 —0.291 —0.241 <0.001
Femoral neck 0.178 0.171 0.024 0.228 0.209 0.005 —-0.029 —0.024 0.691
BMD (g/cm?)

Whole body 0.032 0.030 0.667 0.059 0.054 0.445 —0.145 —0.121 0.056
Total hip 0.103 0.098 0.189 0.154 0.141 0.056 —0.036 —0.030 0.659
Lumbar spine 0.125 0.120 0.086 0.123 0.113 0.108 —0.058 —0.048 0.453
Femoral neck 0.122 0.117 0.122 0.170 0.156 0.037 0.012 0.010 0.885

Significant results are in bold

Semip corr semi-partial correlation

BMC bone mineral content, BMD bone mineral density

?In addition to whole body fat mass (FM) (in kilograms), the following independent variables were entered into the model: height (in centimeters),
calcium intake (in milligrams per day), and sexual maturation (model 0)

®Model 0+average physical activity (PA) (counts per minute)

“Model 1+whole body lean mass (LM) (in kilograms)

9B is the estimated standardized regression coefficient
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Table 3 Multiple linear regression analysis of BMC (in grams) and BMD (in grams per square centimeter) in Spanish adolescents participating in
the HELENA study as regards to lean mass (n=330)

LEAN MASS (DXA)

Dependent variables Model 0? Model 1° Model 2¢

Boys (n=167)

BMC (g) B¢ Semip corr p value B¢ Semip corr p value B¢ Semip corr p value
Whole body 0.907 0.632 <0.001 0.885 0.615 <0.001 0.976 0.587 <0.001
Total hip 0.718 0.501 <0.001 0.689 0.479 <0.001 0.841 0.505 <0.001
Lumbar spine 0.688 0.430 <0.001 0.665 0.462 <0.001 0.888 0.534 <0.001
Femoral neck 0.788 0.550 <0.001 0.756 0.525 <0.001 0.863 0.518 <0.001
BMD (g/cm?)

Whole body 0.711 0.496 <0.001 0.681 0.473 <0.001 0.882 0.530 <0.001
Total hip 0.708 0.494 <0.001 0.676 0.470 <0.001 0.790 0.475 <0.001
Lumbar spine 0.611 0.426 <0.001 0.589 0.409 <0.001 0.768 0.461 <0.001
Femoral neck 0.626 0.436 <0.001 0.592 0.411 <0.001 0.657 0.395 <0.001
Girls (n=163)

BMC (g)

Whole body 0.715 0.626 <0.001 0.683 0.601 <0.001 0.701 0.521 <0.001
Total hip 0.656 0.574 <0.001 0.632 0.556 <0.001 0.719 0.534 <0.001
Lumbar spine 0.544 0.479 <0.001 0.516 0.457 <0.001 0.618 0.463 <0.001
Femoral neck 0.593 0.519 <0.001 0.570 0.502 <0.001 0.525 0.390 <0.001
BMD (g/cm?)

Whole body 0.442 0.387 <0.001 0.407 0.359 <0.001 0.434 0.322 <0.001
Total hip 0.457 0.400 <0.001 0.430 0.379 <0.001 0.410 0.304 <0.001
Lumbar spine 0.424 0.373 <0.001 0.398 0.353 <0.001 0.354 0.265 <0.001
Femoral neck 0.409 0.358 <0.001 0.385 0.339 <0.001 0.333 0.247 <0.001

Significant results are in bold

Semip corr semi-partial correlation

BMC bone mineral content, BMD bone mineral density

?In addition to whole body lean mass (LM) (in kilograms), the following independent variables were entered into the model: height (in centimeters),
calcium intake (in milligrams per day), and sexual maturation (model 0)

®Model 0+average physical activity (PA) (counts per minute)

“Model 1+whole body fat mass (FM) (in kilograms)

9B is the estimated standardized regression coefficient

Figure 1a shows the differences in bone-related variables
by weight status in boys. Overweight/obese boys (n=42)
had higher BMC at the whole body than their non-
overweight peers (n=125). Additional adjustment for PA
showed slightly higher differences between weight
status groups. However, when adjusting for LM, the
association between weight status and most of bone-
related variables (both BMC and BMD) was inverted
(»<0.05).

Figure 1b shows that overweight/obese girls (n=30) had
higher BMC and BMD than their non-overweight peers
(n=133) in most of the regions analyzed. Additional
adjustment for PA resulted in slightly higher differences
between weight status groups, while adjusting for LM,
inverted the associations between weight status and BMC
(»<0.05) and eliminated the association with BMD (p>0.1).
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Discussion

The findings of the present study indicate that adolescents
with higher levels of adiposity have greater bone mass, yet
this association is fully explained by their higher LM. In
fact, once LM is accounted for, the association between FM
and bone mass become negative in most of the bone
variables studied. This finding is consistent when using two
accurate methods to assess FM, i.e., DXA and BodPod.
Physical activity does not seem to have an important
confounding role in these associations.

Some studies have analyzed the association of FM on bone
mass, obtaining contradictory results [13-17, 42], probably
due to adjustment or not for key confounders. Some studies
have reported positive associations between FM and bone
mass in children and adolescents, after controlling for age,
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sex, and height [14, 15]. However, the study of Weiler et al.
[42] showed a negative relationship between FM and BMC
and BMD in 10-19-year girls, after controlling for age,
weight, and height. Others have reported a positive
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inverse after including LM as a confounder, both in boys and
girls. The relationship between bone mass and weight status
has been widely discussed. Some studies have shown that
BMC and BMD are higher in overweight or obese children
and adolescents [19-22]. In contrast, opposite results have
been found after controlling for some potential confounders
such as sexual maturation [23] or LM [24]. The present
study took into account a set of potential confounders that
have been shown to be associated with bone mass, such as
height, calcium intake, sexual maturation, average PA and
LM. Further ANCOVA's were performed including LM as a
covariate (in addition to the previous confounders), in order
to analyze the influence of LM in the association bone—
weight status.

The results of the present study show that overweight/
obese boys had higher BMC at the whole body than their
non-overweight peers, and overweight/obese girls had
higher BMC and BMD in most of analyzed regions than
their non-overweight peers. Additional adjustment for PA
(counts per minute) did not result in remarkable changes.
Therefore, in spite that overweight and obese adolescents
have shown to be less active than their normal peers [18],
these differences in activity levels do not seem to be enough
to have an adverse effect on bone mass. After controlling for
LM, the association between weight status and bone was
inverted in most of analyzed regions, indicating that the
higher levels of bone mass in overweight/obese adolescents
were explained by their higher LM. Our results support
previous studies that used LM as a confounder [24, 43].

Two main mechanisms might explain the observed
associations: (1) obese people had larger muscles and larger
muscles determine higher bone mass and (2) the bones of
heavier people could be more stimulated than those from
normal weight people, due to the extra load that a high weight
has in everyday life activities, like walking, jumping, etc. With
our data we can mainly support the first mechanism but we
could not confirm or reject the second one. This suggests that
FM could indirectly increase bone mass via LM. However,
once LM is controlled, most of the associations between FM
and bone were inverted and became negative, indicating that
FM per se has no beneficial effect on bone mass.

The role of LM as a major predictor of bone mass during
puberty is well understood [7, 8]. The present study
confirms the strong and positive association between LM
and bone mass previously reported [14, 15], even after
controlling for PA, calcium intake, and FM. The association
was stronger in boys than in girls, also in agreement with
previous studies [14, 16].

Limitations and strength

Some limitations of this study deserve comment. Although
we controlled for several potential confounders, we cannot

be certain that other unmeasured confounders such as
dietary intake or genetic variation have not influenced our
observations. Cross-sectional studies only can provide
suggestive evidence concerning causal relationships. How-
ever, in this specific case, it seems reasonable to think that
FM or LM can influence BMC or BMD, whereas it is not
so clear the mechanisms by which bone mass could
determine higher or lower levels of FM or LM.

The use of sophisticated methods, such as DXA to assess
body composition, BodPod to assess FM (recognized as the
“gold standard” method), and the use of accelerometers to
assess PA are strengths of the study. This study includes a
rather complete set of confounders, i.e., height, sexual
maturation, calcium intake, average PA, FM and LM,
which is crucial to examine the current research question.

Conclusions

Adolescents with higher levels of adiposity have greater
bone mass, but this is not the result of their higher FM.
Our results suggest that this association is fully explained
by their higher levels of LM. In fact, after controlling for
LM, the association between bone mass and FM is
inverse, indicating a proportional lower BMD and BMC
for a same body LM unit in those overweight/obese
adolescents.
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