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Background: Excess adipose tissue negatively influences bone health during
childhood, affecting future bone fragility diseases such as osteoporosis.
However, little is known about how adolescent appendicular skeletal muscle
mass index (ASMI) may mediate the relation between fatness and bone mineral
content (BMC).

Methods: The sample comprised 1,296 adolescents (50% girls) aged 10-14.
A principal component analysis was performed to obtain a factor made up of
four fatness indicators (a) neck circumference, (b) kilograms of fat, (c) visceral
fat area, and (d) waist-to-height ratio. BMC, kilograms of fat, visceral fat area,
and appendicular skeletal muscle mass were obtained by a multi-frequency
bioelectrical impedance analyzer. ASMI was calculated as the appendicular
skeletal muscle mass divided by height squared (kg/mz). A mediation analysis
was performed adjusting by age, sex, maturation, socioeconomic status,
physical activity, and adolescents’ body weight. We also explore differences
by sex and nutritional status.

Results: The fatness factor explained 71.5% of the proportion variance. Fatness
was inversely associated with the ASMI and BMC, while the ASMI was positively
related to BMC. Overall, the inverse relationship between fatness and BMC
was partially mediated by the adolescents’” ASMI (29.7%, indirect effect: B=
—0.048, 95%Cl —0.077 to —0.022), being higher in girls than in boys (32.9
vs. 29.2%). Besides, the mediation effect was higher in adolescents with
normal body weight than with overweight-obese (37.6 vs 23.9%, respectively).
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Conclusions:

10.3389/fnut.2022.1040116

This finding highlighted the relevance of promoting healthy

habits to reduce fatness and improve muscle mass in adolescents. Moreover,
this highlights the central role of ASMI mediating the inverse association
between fatness and BMC in female and male adolescents. Public health
strategies should promote bone health in childhood, reducing the incidence
of early osteopenia and osteoporosis.

children, obesity, bone health, skeletal muscle mass index, physical activity

Introduction

A significant upward trend in the prevalence of overweight
and obesity prevalence in adolescents worldwide has recently
been reported (1, 2). Several fatness indicators [i.e., neck
circumference, body mass index, waist-to-height ratio (WHtR),
fat mass, visceral fat, and others] lead to various health concerns,
but they have mainly been associated with an increased risk of
chronic non-communicable diseases. However, little is known
about the impact on adolescents’ bone health. In fact, in 2020, a
World Health Organization panel of experts agreed that bone
health is a critical outcome in children and adolescents that
needs to be studied in greater depth (3).

Adolescence is a crucial stage for forming a solid skeleton
because the bones grow in size and strength (4, 5). The
acquired bone mass in this stage (especially in the years
around peak height velocity) represents approximately double
the amount of bone mineral that subsequently will be lost
between the ages of 50-80 years (6), and it can prevent future
diseases of bone fragility such as osteopenia and osteoporosis
(7, 8). Unfortunately, excess adiposity is unfavorable to bone
health in childhood due to the cross-talk between adipose
tissue and bone, which regulate each other reciprocally (9).
For instance, adipocytes are active cells that can release
pro-inflammatory and immunomodulatory molecules through
endocrine and paracrine responses (10-12). This action
promotes differentiation from multipotent mesenchymal stem
cells into adipocytes instead of osteoblast and can up-regulate
osteoclast formation and activation (10-12). This dysregulation
between osteoblast/osteoclast cells due to excess adiposity
favoring bone frailty is a plausible reason obese children show
a higher rate of extremity fractures (13), including low vitamin
D levels due to sequestration by an excess of fat tissue (14),
even though body weight is a mechanical load favorable for bone
accrual (15).

In this regard, muscular tissue arises as a relevant agent to
controlling excess adiposity and improving bone health (16),
being levels of physical activity (especially strength and high-
impact activities), a crucial precursor positively associated with
muscle mass and increased bone mineralization in adolescents
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(17, 18). Thus, ASMI (i.e., appendicular skeletal muscle mass
adjusted by height squared) emerges as an interesting indicator
to explore the interplay between fatness and bone health.
This interaction, which has been related to future osteoporosis
(19), seems to be a more sensitive biomarker of disease than
body mass index (20), and the use of a value adjusted to
the height is more appropriate than using the percentage
of lean mass due to the possible mask of gains in lean
mass during growth (21). However, the ASMI has been used
broadly in older adults (22, 23) but not in adolescents. One
of the few studies in adolescents found a positive relationship
between ASMI and bone mineral content (BMC), and this
relationship remains significant even after adjusting for fat
mass (24). Nevertheless, the mediation role of ASMI on the
relationship between fatness and BMC in this population
is unknown.

This finding could be relevant considering the high
prevalence of obesity, the low level of muscular fitness (25, 26),
and sarcopenia in children and adolescents (27), which may
drastically increase the future prevalence of osteoporosis (28).
Therefore, this study seeks to evaluate the mediation role of
ASMI in the relationship between fatness and BMC in a large
sample of Chilean adolescents.

Materials and methods

Study design

This cross-sectional study is part of the Cogni-Action
Project, which was approved by the Bioethics Committee of
the Pontificia Universidad Catolica de Valparaiso (BIOEPUCV-
H103-2016). More details about the design and methodology
of this project can be found elsewhere (29). The school
principal, parents, and participants provided written informed
consent before data collection. All aspects of the study were in
accordance with the Declaration of Helsinki. The present study
was performed according to STROBE guidelines (Strengthening
the Reporting of Observational Studies in Epidemiology) for
cross-sectional studies (30).
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Study population

A total of 1,296 adolescents (11.9 £ 1.1 years old) from
19 public, subsidized, and private schools participated in
this study (50% girls and 50% boys). Total sample size and
power calculations were based on the total enrollment of
schoolchildren in the Valparaiso region (5th to 8th grades)
indicated by the Chilean Ministry of Education in the year 2016
(universe N = 951 962). An alpha error of 5%, confidence
interval of 99%, heterogeneity of 50%, and a 20% dropout
were considered. Hence, a minimum of 797 participants were
necessary to reach a representative sample size from the second
most populated region in Chile. Exclusion criteria were: (a)
being out of the stipulated age range, (b) missed the cognitive
evaluation, or (c) not having data on any of the variables
involved for this study. More details can be found elsewhere (29).

Measurements

All measurements took place at schools between 9:00
and 15:00, in two sessions of 4h each, separated by 8 days.
Anthropometric and bioelectrical impedance analysis (BIA)
evaluations were organized to minimize the influence of
body weight variation due to sports and the consumption of
liquids and foods. Adolescents were never assessed after lunch,
maintaining a standardized protocol for the evaluation. We
divided the classroom into two sections, one for anthropometric
measures (under a restricted visual space) and the second for the
BIA. All measurements were performed by previously trained
members of our research group. Adolescents were asked to wear
shorts, t-shirts, and no socks during all measurements. A teacher
from the school always was present to safeguard all procedures.

Anthropometric measures

The weight was measured with a balance (OMROM, HN-
289-LA, Kyoto, Japan), with a precision of 0.1kg, while the
height, with a stadiometer (SECA, model 213, mbH, Germany)
with a precision of 0.1 cm. Adolescent body mass index (BMI)
was calculated from measurements of height and weight as a
measure of adiposity (weight in kilograms divided by the square
of height in meters). Cutoffs for defining normal, overweight,
and obesity where based on the IOTF classification (31), which
were then dichotomized (normal-BMI and overweight-obesity).
Waist circumference (cm) was measured with an inextensible
tape measure (Lufkin, Apex, NC) on a horizontal plane at
minimal waist level at the end of a normal expiration. Neck
circumference (cm) was measured with the subject standing
in the most prominent portion of the stipulated zone with an
inextensible tape measure (Lufkin, Apex, NC, USA) with the
head placed in the Frankfort plane. Neck circumference has
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been associated with several fatness indicators and diagnosis
of obesity, and in turn, with cardiometabolic risk in children
and adolescents (32, 33). In a sample of Brazilian adolescents,
neck circumference was around 32.6 &+ 2.8 cm (33). WHtR was
calculated by dividing the waist circumference by height, both
in centimeters. WHItR is a close indicator of visceral or central
fatness (intra-abdominal) being strongly related to development
of cardiovascular disease and type 2 diabetes in adulthood (34).
In a sample of Chilean children and adolescents, WHtR was
around 0.47 to 0.49 (35).

Bioelectrical impedance analysis

Participants were seated for 3-5min in the resting position
before beginning the bioelectrical impedance analysis (BIA)
(arms abducted by 30° and the legs separated by 45° approx.).
Meanwhile, eight electrodes were placed on the body, two on
each hand and two on each ankle. The examiner prepared the
skin with a clean alcohol wipe (70%) and attached electrodes.
The analysis lasted around 2 mins for each adolescent.

The InBody S10 multi-frequency BIA analyzer (Biospace,
Seoul, Korea) was used to measure the visceral fat area (VFA,
cm?), total fat mass (kg), BMC (kg), and appendicular skeletal
muscle mass (kg). The InBody S10 is a quick assessment that
analyzes body composition in five segments of the body (i.e.,
arms, trunk, and legs) at six different frequencies (1, 5, 50, 250,
500, and 1,000 kHz) and has a strong correlation with the gold
standard method (dual-energy X-ray absorptiometry) (36, 37).

Appendicular Skeletal Muscle Mass Index

The Appendicular Skeletal Muscle Mass Index (ASMI) was
calculated as the appendicular skeletal muscle mass of the limbs
obtained by BIA divided by height squared (kg/m?) (24).

Covariates

The primary mediation analysis (boys and girls together)
was adjusted for sex, maturation, school vulnerability (i.e., proxy
of socioeconomic indicator), and adolescents’ body weight. Only
sex was removed from the statistical model when the mediation
analysis explored boys or girls separately. Sex, maturation, and
body weight are relevant indicators influencing bone growth
and lean body mass (24, 38, 39). Regarding maturation, we
used the Peak Height Velocity (PHV), considered a somatic
maturation indicator that subtracts the chronological age from
Moore’s prediction model (40). Adolescence is a crucial stage
related to BMC. During this period, the peak bone mass is
reached due to several bone turnover markers, which depend on
age, gender, and maturation (41). Physical activity was estimated
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by the Chilean physical activity questionnaire validated in the
population aged 8-13 years (42). Adolescents were asked about
several physical activities, and a final score was estimated
indicating their physical activity level. Physical activity is an
important moderator linked to improvement of muscle mass
and BMC in children and adolescents (43). For socioeconomic
status, we used the School Vulnerability Index (SVI), which
measures the vulnerability degree for pupils who attend public,
subsidized, or private schools. The SVI includes the family
socioeconomic status, parents/tutor educational level, students’
health condition, physical and emotional wellbeing, and school
location (44); hence, the SVI seems to be a strong predictor of
socioeconomic status in Latin-American countries (45). The SVI
scores range from 0 to 100 and are updated every year. Private
schools are not considered in the SVI, as they do not receive
contributions from the state, so they were assigned a value of
0. Thus, the schools were classified as low (<10), middle (>10 to
<60), and high (>60) SVI.

Statistical analysis

First, missing data were imputed based on the non-
parametric missing value method using random forest through
the “missForest” R package (46). Missing data ranges were
between 1.2% (body weight) to 17.7% (neck circumference)
and estimation error was 0.14% (numeric variables) and
0.23% (factor variables). Then, the Shapiro-Wilk test and Q-
Q plots (quantile-quantile plot) were used to check normality
data distribution. Non-normal distribution variables were
normalized by the two-step method (47).

(PCA)
was performed by a dimensionality-reduction method to

Secondly, a principal components analysis
establish a single fatness factor involving four indicators [two
anthropometric factors: neck circumference (cm) and WHtR,
and two BIA factors: total fat (kg) and visceral fat area (cm?)].
This PCA component was determined using the Varimax
rotation, explaining 71.5% of the variance. The assumption
check for Bartlett’s Test of sphericity was significant (p < 0.001).
Analyses were performed using JAMOVI based on the “psych”
Package for R (48).

Third, a linear regression (B and 95% confidence interval
[95%CI]) was performed to establish the interaction of
fatness/ASMI by sex on BMC. Sex interaction was observed
in both fatness and ASMI variables; thereby, three mediation
models were run, only boys, only girls, and all together.

Finally, three mediation analyses were performed. The
general mediation approach considered fatness as the predictor,
ASMI as the mediator, and BMC as the outcome (Figure 1).
Thus, mediation models were structured as follows: equation
(a) consisted of the predictor by the mediator; equation (b)
was defined as the mediator by the outcome; equation (c)
consisted of the predictor by the outcome (Total effect); and
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equation ¢
Total effect (without mediator)

Fatness Bone mineral content

Appendicular skeletal muscle mass index

einrec[ effect (axb) equation b

equation ¢’

Fatness Bone mineral content
Direct effect (with mediator)
Covariates
Model 1: total sample  Model 2: boys and girls separately

Sex PHV
PHV Body weight

Body weight PA
PA SVI
SVI

FIGURE 1

Mediation analysis approach. PHV, peak high velocity; PA,
physical activity; SVI, school vulnerability index.

finally, equation (c’) consisted of predictor and mediator by the
outcome (Direct effect). The indirect effect was estimated by a*b
equations, and it was significant if zero was outside the 95%CI
(49, 50). Bootstrapping with 5,000 samples was performed (51).
The percentage of mediation was estimated as 1 - (equation
c//equation c). Bias was reduced by adjusting analyses to relevant
covariates such as sex, PHV, body weight, physical activity, and
SVI. A p < 0.05 was set as the limit for statistical significance.

Results

The descriptive characteristics of the adolescents are
displayed in Table 1. Significant differences according to sex
were found in almost all the variables analyzed. WHtR, neck
circumference, BMC, muscle mass, physical activity, and ASMI
were higher in boys, while PHV, fat mass, and visceral fat area
were higher in girls. No differences were found only in height
and BML

Figure 2 presents the general and sex-specific mediation
analyses. Overall, fatness was negatively associated with BMC
in the total sample, boys, and girls, being higher than boys
in the last group (B = —0.170 vs. B = —0.139; p < 0.001,
respectively). Moreover, fatness was negatively associated with
ASMI in the total sample, boys, and girls, being higher than
boys in the last group (B = —0.528 vs. B = —0.353; p < 0.001,
respectively). Otherwise, ASMI was positively related to BMC in
the total sample, boys, and girls, being slightly higher in boys
than girls (B = 0.118 vs. B = 0.106; p < 0.001, respectively).
Regarding mediation analyses, total, direct, and indirect effects
were statically significant, indicating a partial ASMI mediation
in the inverse relationship between fatness and BMC. For the
total sample and boys, the ASMI mediation role accounted for
29.9%, while girls accounted for 32.8%.

Besides, we explore the ASMI mediation effect in the total
sample according to BMI status. Adolescents with normal-BMI
(n = 737) presented a significant indirect effect, representing
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TABLE 1 Participant characteristics.

Total sample

(n=1,296)

Age (y) 119+ 1.1
Weight (kg) 50.9 4 12.0
Height (cm) 153.1£9.3
BMI

Normal BMI 737 (56.9%)

OW-OB 559 (43.1%)
Peak height velocity (years) —041£1.3
Physical activity score 469+ 1.4
Waist-to-height ratio 0.46 £ 0.1
Neck circumference (cm) 309+24
Bone mineral content (kg) 22+0.5
Fat mass (kg) 139+74
Muscle mass (kg) 19.8 £ 4.5
Visceral fat area (cm?) 70.7 % 33.2
ASMI (kg/cm?) 84412
School vulnerability index
Low 326 (25.2%)
Middle 360 (27.8%)
High 610 (47.1%)

10.3389/fnut.2022.1040116

Boys Girls P
(n = 648) (n = 648)
11.8£1.2 119+ 1.2 0.089
50.1 4 12.2 517 £ 117 0.013
153.0 £ 10.4 153.1 8.1 0.929
377 (58.2%) 360 (55.6%) 0.370
271 (41.8%) 288 (44.4%)
~116£ 1.0 034+ 1.0 <0.01
491+ 14 448+ 13 <0.01
0.46 £ 0.1 045+ 0.1 <0.01
314424 304 +2.3 <0.01
23+05 22404 <0.01
124£7.0 155+£7.5 <0.01
202 5.0 194439 <0.01
67.4%33.0 73.9£33.1 <0.01
85+12 82+1.1 <0.01
144 (22.0%) 182 (28.1%) 0.038
181 (27.9%) 179 (27.6%)
323 (49.8%) 287 (44.3%)

Values are mean =+ standard deviation or frequency (%). BMI, Body Mass Index; OW-OB, overweight-obese; ASMI, Appendicular Skeletal Muscle Mass Index. The p < 0.05 indicates
significant differences between boys and girls. Both t-tests and chi-square tests were performed to test for differences between groups.

a partial mediation of 37.6% (B = —0.061, 95%CI —0.095
to —0.024), while the overweight-obese group (n = 559)
also showed a significant indirect effect representing a partial
mediation 23.9% (B= —0.040, 95%CI —0.096 to —0.033).

Discussion

The present study aimed to establish the mediating role
of the ASMI in the association between fatness (computed by
four fatness indicators) with BMC in a large sample of Chilean
adolescents. The main findings indicate that ASMI significantly
mediates (around 30%) the inverse relationship between fatness
and BMC, and this mediation seems to be slightly higher in girls
than boys. Besides, a difference of 13.7% in ASMI’s mediation
effect was found among BMI groups, being higher in adolescents
with normal nutritional status. To the best of our knowledge,
this is the first study that analyzes the ASMI in the negative
impact of adolescents’ fatness on bone health.

Previous studies and reviews have addressed the close
interaction between obesity, muscle mass, and bone metabolism
(9, 16, 52, 53). At the cellular level, the muscle, bone, and
fat cross-talk evidences that adipocyte cells release a series
of adipokines (pro-inflammatory and immunomodulatory
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molecules) that up-regulate osteoclast formation and activation,
lead to chronic low-grade inflammation and alter cellular
protein metabolism promoting bone fragility and sarcopenia
(9, 52-55). While at the behavioral level, fatness can lead to
physical inactivity but not the other way around (56, 57).
Thus, low physical activity levels reduce muscle mass and bone
content, promoting adiposity stored in children and adolescents
(17, 18) and reinforcing this vicious circle. Therefore, the balance
between adipokines, myokines, and osteokines is essential to
regulating bone health in this population (16) but especially
during adolescence, where diet, physical activity, and the
hormonal milieu play a decisive role (9).

In this regard, our main finding contributes to this research
area by showing the significant but partial mediation role of a
muscle mass indicator adjusted for height on the relationship
between fatness and BMC. In children and adolescents, ASMI,
and strength are strongly associated (58), and both have been
associated with bone health in the transition from childhood
to adulthood (48, 59). Thereby, physical activity plays a
fundamental role in promoting healthy muscle mass in this
population. Adolescents with a higher level of physical activity
present better ASMI and lower body fat percentage than those
with lower levels of physical activity (60). Hence, physical
activity enhances the development, growth, and quality of bone
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Total sample

B = -0.163; p<0.000

Total effect (without mediator)

Fatness

Bone mineral content

Appendicular skeletal muscle mass index

B =-0.418; p<0.000 Indirect effect (a x b)

B =-0.048; -0.077 to -0.022

B =0.116; p<0.000

B =-0.115; p<0.000

Fatness Divtct ot (kéh reatee) Bone mineral content
(n=1,296; mediation: 29,7%)
Boys
B = -0.134; p<0.000
Fatness Bone mineral content

Total effect (without mediator)

Appendicular skeletal muscle mass index
B =0.117; p<0.000

B =-0.336; p<0.000 Indirect effect (ax b)
B =-0.039; -0.086 t0 -0.006

B =-0.095; p<0.000

Fatness . . . Bone mineral content
Direct effect (with mediator)
(n=648; mediation: 29,2%)
Girls
B = -0.167; p<0.000
Fatness Bone mineral content

Total effect (without mediator)
Appendicular skeletal muscle mass index
B =0.112; p<0.000

B =-0.525; p<0.000 Indirect effect (a x b)
B =-0.055; -0.088 t0 -0.024

Fatness B =-0.112; p<0.000

Direct effect (with mediator)

Bone mineral content
(n=648; mediation: 32,9%)
FIGURE 2

Total sample and sex-specific mediation analyses.
Unstandardized beta values are presented.

tissue by biomechanical traction when the muscle is subjected to
external loads such as resistance training reported in children,
adolescents, and adults (61, 62). For instance, myostatin (i.e.,
myokine produced and released by myocytes that acts on muscle
cells to inhibit muscle growth) is regulated by physical activity
and, in both animal and human studies, reduces its expression
and increases bone turnover, leading to an increase in total bone
mass (63).

Paradoxically, it has been documented that increased body
weight generates a “training effect” in the lower limb in obese
people through adolescence to old age; however, their muscle
quality seems reduced (64). Further, Han et al. (65) reported
that adolescents with greater body mass index showed greater
bone mineral density, but this relationship was significant just
when they presented greater skeletal muscle mass, calcium
supplement intake, and lower body fat mass. In fact, recent
evidence indicated that fat mass did not predict adolescent bone
mineral density (7). This evidence is consistent with our finding
adjusted for adolescent body weight, and also with our results
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showing that the mediation effect of ASMI seems to be higher
(13.7%) in adolescents with normal-BMI.

Important to note is that we found a slightly higher
mediation role of ASMI in girls than boys. Our finding is
supported by evidence showing that Indian adolescent girls have
lower ASMI than boys (24); thus, improving muscle mass could
be a relevant target in this population to mediate the inverse
association between fatness and bone health. Additionally, a
recent university study found that girls with low physical activity
levels had significantly lower ASMI than boys, specifically in
lower extremity muscles (66). This concern may be even more
critical in overweight/obese girls because they displayed higher
intramuscular fat (lower muscle density) and low lean mass
than their normal-weight lean peers (67). Thereby, increasing
ASMI through physical activity (i.e., resistance training) would
help to increase bone quality through fat reduction (62, 68, 69).
This suggestion has practical applicability, as a meta-analysis
(70) that evaluated the effect of interventions with high-intensity
physical exercise and sports mini-games at school showed that
girls are more responsive to increasing bone mineral density
than boys.

The plausible explanation for the mediating role of ASMI
in the inverse relationship between fatness and BMC can
be described by reviewing previous studies. For example,
Liu et al. (71) found that normal-weight and obese women
(over a wide age range) had similar bone mineral density
at the spine and femoral neck. This finding implies that the
weight/obesity relationship does not necessarily translate into
better bone mineral density at different sites of the skeleton;
however, lean body mass had a strong positive relationship
with bone mineral density. Indeed, the authors showed that
the positive association between overweight and bone mineral
density is not constant, and it presents a limit (around 33% of
fat mass).

At the physiological level, several mechanisms converge
simultaneously, improving bone health markers. For instance,
adolescents who participated in 1 year of interdisciplinary
treatment (physical exercise, nutritional, psychological
counseling, and others) showed enhanced body composition
(reduced body fat mass and increased body lean mass and
bone mineral content) (72). Besides, an improvement in
inflammatory markers was observed, but a positive correlation
was mainly found between the adiponectin/leptin ratio and
osteocalcin. Interestingly, both lean and body fat mass were
predictors of osteocalcin; thus, this study gives supports—to
some extent—the mediator role of ASMI in the association
between fatness and BMC in adolescents.

Finally, although ASMI showed a significant role in the
relationship between fatness and BMC, its mediation was not
complete. This means that fatness is a decisive factor that
multidisciplinary strategies must address because enhancing
muscle mass in adolescents does not seem to be the only way.
In this sense, diet is vital because studies have shown that

frontiersin.org


https://doi.org/10.3389/fnut.2022.1040116
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Cristi-Montero et al.

high consumption of ultra-processed products in adolescence
can attenuate the beneficial effects of physical activity on
skeletal muscle mass (17). Besides, dietary protein, vitamin
D, and calcium modulate bone metabolism, and protein and
vitamin D have been associated with higher lean mass, strength,
and function (16). Thereby, future strategies to improve bone
health in adolescents should also combine physical activity
and diet.

Strengths and limitations

On the one hand, this study presents some strengths worth
noting. This study analyzed data from a large adolescent sample
size, helping to bridge the gap in this research area. Besides,
we compute a fatness factor by reducing the dimensionality of
four well-known fatness indicators, increasing interpretability
while minimizing information loss. Finally, to the best of our
knowledge, this could be the first study to consider ASMI as
a mediator factor between fatness and a relevant marker of
bone health. On the other hand, several limitations should
be considered when interpreting the results of this study.
The cross-sectional design of this study makes it impossible
to establish causality, thus the results should be taken with
caution. A key concern is that the accuracy of BIA to measure
some indicators can be underestimated/overestimated if the
participants do not follow the standard protocol required for
optimal and correct body composition analysis. Due to the
context and school routine, we could not measure all adolescents
at the same time of the day nor monitor their drinking and
eating substantially, which could affect results. Nonetheless,
we tried to reduce possible methodological biases as much as
possible. Quality of diet and vitamin D were not considered
as covariates.

Conclusions

This study showed that fatness is an important indicator
associated with lower BMC in adolescents; however, a higher
ASMI level mediated around 30% of the inverse relationship
between fatness and BMC. This mediation was slightly higher
in girls than boys, and in normal-weigh adolescents. Thus,
our results highlighted that promoting healthy habits (i.e.,
physical activity, physical fitness) to reduce fatness and improve
muscle mass is crucial, especially in adolescence, to contribute
to optimal bone health. Moreover, these findings are relevant
in public health and primary care to encourage bone health
in childhood, reducing the incidence of early osteopenia
and osteoporosis.
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