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Abstract

Background: Physical activity (PA) is suggested to contribute to fat loss not only through increasing energy
expenditure “per se” but also increasing muscle mass; therefore, it would be interesting to better understand the
specific associations of PA with the different body’s components such as fat mass and muscle mass. The aim of the
present study was to examine the association between objectively measured PA and indices of fat mass and
muscle components independently of each other giving, at the same time, gender-specific information in a wide
cohort of European adolescents.

Methods: A cross-sectional study in a school setting was conducted in 2200 (1016 males) adolescents (14.7 ±1.2 years).
Weight, height, skinfold thickness, bioimpedance and PA (accelerometry) were measured. Indices of fat mass
(body mass index, % fat mass, sum of skinfolds) and muscular component (assessed as fat-free mass) were
calculated. Multiple regression analyses were performed adjusting for several confounders including fat-free mass
and fat mass when possible.

Results: Vigorous PA was positively associated with height (p < 0.05) in males, whilst, vigorous PA, moderate-
vigorous PA and average PA were negatively associated with all the indices of fat mass (all p < 0.01) in both
genders, except for average PA in relation with body mass index in females. Regarding muscular components,
vigorous PA showed positive associations with fat-free mass and muscle mass (all p < 0.05) in both genders.
Average PA was positively associated with fat-free mass (both p < 0.05) in males and females.

Conclusion: The present study suggests that PA, especially vigorous PA, is negatively associated with indices of
fat mass and positively associated with markers of muscle mass, after adjusting for several confounders (including
indices of fat mass and muscle mass when possible). Future studies should focus not only on the classical
relationship between PA and fat mass, but also on PA and muscular components, analyzing the independent role
of both with the different PA intensities.
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Background
The current global obesity among adolescents [1,2] as
well as the beneficial role of physical activity (PA) on fat
mass are well known [3]. Moreover, higher levels of
moderate to vigorous PA have been found negatively as-
sociated with several cardiovascular risk factors includ-
ing central fat mass [4]. Thus, PA has recently been
considered as the main therapeutic tool for metabolic
syndrome in children [5]. However, it has been sug-
gested that PA contributes to fat loss not only through
increasing energy expenditure “per se” but also by in-
creasing muscle mass, which has a direct effect on meta-
bolic function [5]. Therefore, it would be interesting to
better understand the specific associations of PA with
the different body’s components such as fat mass and
muscle mass.
The relationships between objectively measured PA

with indices of fat mass have been analyzed in several re-
views [6-10]. In addition, Chung et al. observed that
weight status was negatively related to PA in adolescent
males and females [11]. It is well known that body mass
index (BMI) is an indicator of fat mass but also of lean
mass, thus, Metcalf et al. studied the role of height in
the associations of BMI and fat mass index (FMI) with
several health markers in children aged 7 to 12 years
[12]. They concluded that indices of fat mass should take
into account height as an important aspect when looking
for relationships with health status [12]. In addition,
moderate to vigorous PA was negatively associated with
adiposity indices after controlling for age, gender, sleep
duration, energy intake, sexual maturation, parental so-
cioeconomic status and parental BMI in children aged 8
to 10 years [13]. Finally, others observed that PA fluctua-
tions appear to affect BMI during adolescence (nega-
tively and positively for males and females, respectively)
when controlling for baseline fat mass, average number
of PA sessions per week, diet and sociodemographic var-
iables [14]. However, none of the previous studies took
into account the possible role of fat-free mass (FFM) as
a marker of muscle mass in the association between PA
and markers of fat mass.
Muscle components have been shown to be associated

with several physical fitness components, such as muscle
strength in adolescents [15-17]. However, little is known
about the specific role of PA levels on FFM [17]. Moliner-
Urdiales et al., in a subsample of the Healthy Lifestyle in
Europe by Nutrition in Adolescence Cross-Sectional Study
(HELENA-CSS), studied the relationship between PA and
FFM (using dual-energy X-ray absorptiometry) after con-
trolling for age and pubertal status in both males and fe-
males, but they did not find any significant association
[17]. Moreover, specific exercise programs have been sug-
gested to promote the maintenance of muscle mass, as an
active metabolic tissue, when the aim was weight loss
[18,19]. Nevertheless, no studies have been conducted to
analyze the association between objectively measured PA
and the muscle component independently of several con-
founders including indices of fat mass in adolescents.
Additionally, socioeconomic status has been associated

with obesity and several lifestyle factors [20,21]. Thus,
controlling for important confounders such as socioeco-
nomic status is necessary when assessing the relationship
between PA, fat mass and muscle mass independently.
Moreover, despite the existing literature analyzing the as-
sociation of PA and markers of fat mass, there are no stud-
ies showing the relationships of PA with indices of fat
mass and muscle simultaneously as well as with gender-
specific information.
The aim of the present study was to examine the associ-

ation between objectively measured PA and indices of fat
mass and FFM (as a marker of muscle mass) independently
of each other giving, at the same time, gender-specific in-
formation in a wide cohort of European adolescents par-
ticipating in the HELENA-CSS.

Methods
The HELENA-CSS is a multi-centre, cross-sectional
study performed in ten European cities from 9 countries:
Heraklion and Athens (Greece), Dortmund (Germany),
Ghent (Belgium), Lille (France), Pécs (Hungary), Rome
(Italy), Stockholm (Sweden), Vienna (Austria) and Zaragoza
(Spain). This study was designed to obtain reliable and
comparable data in a sample of European adolescents.
The total sample of the HELENA-CSS was 3546 adoles-
cents with a subset of 2200 (1016 males) adolescents
(12.5-17.5 years) with valid data for accelerometers and
makers of body composition. Data collection took place
from 2006 to 2008 at school setting. Detailed descriptions
of the HELENA-CSS sampling and recruitment ap-
proaches, standardization and harmonization processes,
data collection, analysis strategies, quality control activ-
ities, and inclusion criteria have been published elsewhere
with a complete description of ethical issues and good
clinical practice [22,23].

Ethics statement
The study protocol was approved by the Ethics Commit-
tee at each study centre following the ethical guidelines of
the Declaration of Helsinki 1964, the Good Clinical Prac-
tice, and the legislation about clinical research in humans.
The original names of the ten ethics committees/institu-
tional review boards were 1) Ethics Committee of the
Harokopio University from Athens; 2) Ethics Committee
of the Medicine’s University from Dortmund; 3) Ethics
Committee from Ghent University Hospital; 4) Ethics
Committee of the University of Crete School of Medicine
from Heraklion; 5) Protection committees people from
Lille; 6) A Pecsi Orvostudomanyi és Egészségtudomanyi
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Központ Regionalis Kutatas-Etikai Bizottsaga from Pècs; 7)
Ethics Committee of Medical Activities of the University of
Naples Federico II, Naples; 8) Regional Ethics Committee
from Stockholm; 9) Ethics Committee of the Medicine’s
University from Vienne and 10) Ethics Committee of clinic
research of Aragón From Zaragoza. Written informed con-
sent was obtained from the parents (or guardian) and ado-
lescents participating in the study.

Body composition
The physical examination methods followed in the
HELENA-CSS has been described in detail by Nagy et al.
[24]. In brief, body height was measured to the nearest
0.1 cm with a stadiometer (SECA 225; SECA, Hamburg,
Germany) while adolescents were standing barefoot. Body
mass was determined to the nearest 0.05 kg using a bal-
ance scale (SECA 861; SECA, Hamburg, Germany) with
the subject in their underwear. BMI was calculated as body
mass (kg) divided by height (m) squared. A set of six skin-
fold thicknesses (biceps, triceps, subscapular, suprailiac,
thigh and medial calf) were measured three consecutive
times on the left side of the body, with a Holtain caliper
(Holtain, Ltd,. Wales, UK) to the nearest 0.2 mm. The
waist circumference was measured using a non-elastic
tape (SECA 200; SECA, Hamburg, Germany) to the
nearest 0.1 cm, according to Lohman’s anthropometric
standardization reference manual [25]. In every city, the
same trained investigator made all skinfold thickness mea-
surements. For all the skinfold thickness measurements,
intra-observer technical errors of measurement were
smaller than 1 mm and reliability greater than 95%. Inter-
observer reliability for skinfolds was higher than 90% [24].
We calculated fat mass percentage (%FM) using skinfold
thickness from Slaughter’s equation [26]; which have
shown to be a valid equation in adolescents [27]. FFM in
kilograms was derived by subtracting fat mass from total
body weight. For bioelectrical impedance analysis (BIA)
measurements, a classical tetra-polar bioelectrical device
was used by means of a 50 KHz BIA 101 AKERN (Akern
Srl., Firenze, Italy). Standard instructions for BIA measure-
ments were followed [28]. FFM was estimated from BIA
(FFMBIA) as marker of muscle mass using validated
formulas. FFMBIA (kg) for males = −9.88 + 0.65 stature2/
resistance + 0.26 weight + 0.02 resistance; and FFMBIA
(kg) for females = −11.03 + 0.70 stature2/resistance + 0.17
weight + 0.02 resistance [29]. Pubertal status was evaluated
by experienced physicians according to the criteria of
Tanner and Whitehouse [30].

Physical activity (PA)
The Actigraph accelerometer (Actigraph MTI, model
GT1M, Manufacturing, Pensacola, FL, USA) was used to
measure PA. The Actigraph has been previously vali-
dated in laboratory and free-living conditions in young
people [31]. Adolescents were instructed to place the
monitor underneath their clothing, at the lower back,
using an elastic waist band. They were asked to wear the
accelerometer during the daytime for seven consecutive
days, except during water-based activities. The criterion
for inclusion was to record at least 8 h/d for at least 3 d
(two week days and 1 weekend day). In this study, the time
sampling interval (epoch) was set at 15 s. Non-wearing
time was defined by bouts of at least 20 min of zero out-
puts. Average PA was defined as the sum of recorded
counts per epoch divided by total daily registered time
expressed in minutes. Time spent in light intensity PA was
defined as the sum of time (in minutes) per day in which
counts per minute (cpm) were 500–1,999. The time spent
in moderate PA [3–6 metabolic equivalents (METs)] was
calculated based upon a cut-off of 2,000-3,999 cpm. The
time engaged at vigorous PA (>6 METs) was calculated
based upon a cut-off of 4,000 cpm [32-35]. Also, the time
spent in at least moderate intensity level (>3 METs) was
calculated as the sum of time spent in moderate and vigor-
ous PA (MVPA). The cut-offs to define the intensity cat-
egories are similar to those used in previous studies
[32-36]. Moreover, this cut-offs have show to be valid in
detecting recommendation of PA levels/intensities to
avoid low-cardiorespiratory fitness and the excess of body
fat in European adolescents [34,35].

Family affluence scale (FAS)
The FAS is based on the concept of material conditions in
the family to base the selection of items. Currie et al. [37]
chose a set of items which reflected family expenditure and
consumption that were relevant to family circumstances.
Possessing these items was considered to reflect affluence
and their lack, on the other hand, material deprivation. FAS
was used in the HELENA-CSS as an index of socioeco-
nomic status [38] which includes 4 questions answered by
the adolescent: Do you have your own bedroom?; How
many cars are there in your family?; How many PCs are
there in your home?; Do you have internet access at home?
It was defined low, medium and high socioeconomic status
based on the final score obtained from the four questions.
That is, a numerical value was given to each possible an-
swer in the four questions, which increased as answers indi-
cated higher affluence, i.e. the higher numbers of cars the
higher affluence (higher value); or the higher number of
PCs the higher affluence (higher value) [37,38]. Then the
final score from all the questions was summed, ranging
from 0 to 8. Finally, these scores were grouped in three
levels: low (from 0 to 2), medium (from 3 to 5) and high
(from 6 to 8).

Statistical analysis
The data are presented as mean ± standard deviation,
unless otherwise stated. To achieve normality in the
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residuals, waist circumference, sum of six skinfold thick-
ness, %FM, FFM, FFMBIA and all the PA intensities
were transformed to the natural logarithm.
Multiple linear regression models were used to study

the associations of PA levels with both indices of fat
mass and height (outcomes), after adjusting for pubertal
status, FAS, country and FFM. Regression analysis was
performed in two steps: Model I included pubertal sta-
tus, FAS and country (entered as dummy variable) as
confounders. Model II included model I plus FFM. Simi-
larly, multiple linear regression models were used to
analyze the relationships of PA levels with two markers
of the muscle component (outcome) after adjusting for
pubertal status, FAS, country (model I) and skinfold
thickness (model II; model I plus skinfolds). The ration-
ale for performing the model II was based on the fact
that fat mass and FFM are the two main components of
the body and have been classically related; thereby ad-
justments for each other are necessary.
The analyses were performed using the Statistical

Package for Social Science (SPSS, v. 15.0 for Windows;
SPSS Inc., Chicago, IL) and level of significance was set
to 0.05.

Results
Table 1 shows the descriptive characteristics of the study
sample.
The results of the multiple linear regression models

showing the association of PA levels with indices of fat
mass and height after adjusting for pubertal status, FAS
and country (model I) are presented in Table 2 for males
Table 1 Descriptive characteristics of European adolescents

All (n = 2200) M

Age (years) 14.7 ± 1.2

Puberal status (I/II/III/IV/V)a 1/6/22/39/32

Weight (kg) 58.1 ± 12

Height (m) 1.66 ± 0.09

BMI (kg/m2) 21.1 ± 3.5

Waist circumference (mm)b 71.6 ± 8.4

Sum of 6 skinfod thickness (mm)b 89.2 ±38.4

% Fat mass (%)a,b,c 23.2 ± 9.2

Fat-free mass (kg)b,c 44.0 ± 7.7

Fat-free mass BIA (kg)b,d 46.0 ± 8.3

Light PA (min/day)b 168.9 ± 41.8

Moderate PA (min/day)b 39.5 ± 14.4

Vigorous PA (min/day)b 18.9 ± 13.7

MVPA (min/day)b 58.4 ± 23.8

Average PA (counts/min)b 435.1 ± 154.6

All values are mean ± standard deviation, or apercentages. BMI, body mass index; P
but analyses were performed on blog-transformed data.
cCalculated from Slaughter [26], dderived from bioimpedance.
and females. In males, light and moderate PA were nega-
tively associated with height (both p < 0.001), while light PA
was positively associated with skinfold thickness (p < 0.05).
Vigorous PA was positively associated with height (p <
0.05). In addition, vigorous PA, MVPA and average PA
were negatively associated with BMI, skinfold thickness, %
FM and waist circumference (all p < 0.01). In females, light
PA was negatively associated with height and positively as-
sociated with BMI (both p < 0.001). Vigorous PA and
MVPA showed negative associations with BMI, skinfold
thickness, %FM and waist circumference (all p < 0.01).
Average PA showed negative associations with skinfold
thickness, %FM and waist circumference (all p < 0.05). Fur-
ther analyses including FFM as confounder (model II) did
not substantially change main results, except for several in-
tensities in which additional significances were found
(model II). These additional significances were that light PA
was positively associated with waist circumference (β =
0.066, p < 0.043 and β = 0.069, p < 0.006 for males and fe-
males, respectively) in addition to the previous associations.
Moreover, light PA was positively associated with BMI in
males (β = 0.108, p < 0.001), while average PA was nega-
tively associated with BMI in females (β =−0.070, p < 0.007)
(model II).
Table 3 shows the association of PA levels with FFM

and FFMBIA after adjusting for model I (pubertal status,
FAS and country) and model II (model I plus skinfold
thickness as index of fat mass). In males, light PA was
negatively associated with FFM in model I and II (both
p < 0.001), while vigorous PA showed positive associa-
tions with FFM in both models (both p < 0.001). Average
ales (n = 1016) Females (n = 1184) P value

14.7 ± 1.2 14.7 ± 1.2 0.613

1/8/23/37/31 0/4/21/41/34

60.9 ± 13.3 55.7 ± 10.2 <0.001

1.70 ± 0.10 1.62 ± 0.07 <0.001

21.1 ± 3.6 21.2 ± 3.5 0.471

73.6 ± 8.8 70.0 ± 7.7 <0.001

75.2 ± 37.5 101.2 ± 34.9 <0.001

19.6 ± 10.2 26.1 ± 7.1 <0.001

48.2 ± 8.4 40.6 ± 5.1 <0.001

51.3 ± 8.6 41.5 ± 4.5 <0.001

173.7 ± 44.8 164.8 ± 38.5 <0.001

42.4 ± 15.4 37.0 ± 13.1 <0.001

24.4 ± 14.7 14.2 ± 10.8 <0.001

66.7 ± 25.2 51.2 ± 19.8 <0.001

490.0 ± 165.7 387.9 ± 126.7 <0.001

A, physical activity. Non-transformed data are presented in this table,



Table 2 Linear regression models of physical activity (PA) with indices of fat mass and height (Model I)

Height BMI Skinfold thicknessa % Fat massa,b Waist circumferencea

Males β R2 P β R2 P β R2 P β R2 P β R2 P

Light PAa -0.200 0.423 <0.001 0.047 0.059 0.178 0.082 0.071 <0.05 0.053 0.079 0.128 0.007 0.097 0.832

Moderate PAa -0.106 0.401 <0.001 -0.018 0.058 0.581 -0.040 0.067 0.229 -0.046 0.079 0.159 -0.049 0.099 0.130

Vigorous PAa 0.056 0.394 <0.05 -0.204 0.098 <0.001 -0.258 0.130 <0.001 -0.259 0.142 <0.001 -0.175 0.126 <0.001

MVPAa -0.035 0.391 0.348 -0.112 0.069 0.001 -0.161 0.091 <0.001 -0.165 0.103 <0.001 -0.114 0.109 <0.001

Average PAa -0.012 0.391 0.640 -0.095 0.066 <0.01 -0.149 0.087 <0.001 -0.155 0.100 <0.001 -0.097 0.106 <0.01

Females

Light PAa -0.119 0.148 <0.001 0.095 0.141 0.001 0.009 0.197 0.746 0.021 0.180 0.469 0.062 0.147 0.033

Moderate PAa -0.049 0.137 0.094 0.008 0.133 0.794 -0.039 0.199 0.171 -0.036 0.180 0.205 -0.031 0.145 0.290

Vigorous PAa 0.052 0.147 0.074 -0.142 0.151 <0.001 -0.178 0.227 <0.001 -0.176 0.208 <0.001 -0.146 0.164 <0.001

MVPAa -0.011 0.135 0.703 -0.064 0.136 <0.05 -0.115 0.209 <0.001 -0.110 0.19 <0.001 -0.092 0.151 <0.01

Average PAa 0.003 0.135 0.929 -0.043 0.134 0.153 -0.100 0.206 <0.001 0.095 0.187 0.001 -0.070 0.148 <0.05

β, standardized regression coefficients; R2, coefficients of determination. aLog-transformed data.
Analyses were adjusted for model I (pubertal status, family affluence scale and country). BMI indicates body mass index, MVPA indicates moderate and
vigorous PA.
b% fat mass derived from Slaughter equation [26].
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PA was positively associated with FFM only in model II for
males (p < 0.05). Moreover, light and moderate PA were
negatively associated with FFMBIA in model I (p < 0.01
and p < 0.05, respectively), while only light PA maintained
the association in model II (p < 0.001). Vigorous PA was
positively associated with FFMBIA in model II (p < 0.05).
In females, vigorous PA and average PA were positively as-
sociated with FFM in model II (p < 0.01 and p < 0.05, re-
spectively), while only vigorous PA showed a positive
association with FFMBIA in model II (p < 0.05).
From the overall sample 456 adolescents were over-

weight or obese (around 20%). When the statistical ana-
lyses were repeated without including those participants,
Table 3 Linear regression models of physical activity (PA) wit

Fat free massa (Model I) Fat-free massa (Mo

Males Β R2 P β R2

Light PAc −0.119 0.475 <0.001 −0.124 0.477

Moderate PAc −0.044 0.465 0.083 −0.042 0.466

Vigorous PAc 0.078 0.469 0.001 0.095 0.473

MVPAc 0.025 0.464 0.310 0.033 0.465

Average PAc 0.046 0.465 0.062 0.054 0.467

Females

Light PAc −0.012 0.202 0.678 −0.014 0.263

Moderate PAc 0.014 0.202 0.613 0.025 0.263

Vigorous PAc 0.023 0.203 0.405 0.075 0.268

MVPAc 0.019 0.202 0.507 0.051 0.265

Average PAc 0.042 0.204 0.142 0.07 0.267

Model I includes adjustment for pubertal status, family affluence scale and country.
Model II includes adjustment for model I + skinfold thickness.
β, standardized regression coefficients; R2, coefficients of determination.
BMI indicates body mass index, MVPA indicates moderate and vigorous PA.
aDerived from Slaughter equation [26], bderived from bioimpedance [29], ctransform
the overall results did not substantially change for most
of the body composition markers, except to BMI in
which the associations were weakened.

Discussion
The main findings of our study suggest that PA is nega-
tively associated with indices of fat mass and positively
with markers of muscle component independently of each
other in both genders. These associations seem to be more
consistent in vigorous PA for both components of body
composition.
Our results concur with recent data published from the

NHANES study [11] in which the relationship between
h markers of fat-free mass (Models I and II)

del II) FFMBIAb (Model I) FFMBIAb (Model II)

P β R2 P β R2 P

<0.001 −0.093 0.387 0.001 −0.117 0.495 0.001

0.095 −0.059 0.383 <0.05 −0.039 0.485 0.111

0.001 −0.026 0.380 0.331 0.063 0.487 <0.05

0.190 −0.041 0.381 0.124 0.016 0.484 0.521

<0.05 −0.029 0.381 0.270 0.023 0.484 0.360

0.607 0.000 0.174 0.987 −0.007 0.309 0.800

0.361 −0.006 0.174 0.846 0.006 0.309 0.832

<0.01 −0.015 0.174 0.595 0.057 0.312 <0.05

0.065 −0.015 0.174 0.603 0.028 0.310 0.293

<0.05 0.009 0.174 0.755 0.048 0.311 0.077

ed data.
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objectively measured PA and weight status (using BMI) was
analyzed in children aged 6 to 17 years old (1560 girls and
1587 boys). They found that overweight and obese adoles-
cents spent less time at moderate and vigorous PA
intensities than normal weight counterparts in both gen-
ders, which is confirmed in our study where the BMI was
negatively associated with PA at high intensities in males
and females. On the other hand, a recent longitudinal study
(5 years follow up) in 756 adolescents from Canada aged
12–13 years examined how the PA fluctuations affect sev-
eral indices of fat mass (BMI, waist circumference and
skinfolds) [14]. This study reported by Bélanger et al. [14]
showed negative associations of PA with indices of fat mass
in females, but positive associations of the same parameters
in males. Our results partially concur with those found
from Bélanger et al. [14] in females; however, it is of im-
portance to highlight that none of the cited studies
accounted in their analyses for markers of muscle mass
such as FFM or FFMBIA, which in some cases could affect
these kinds of relationships. In addition to the negative as-
sociation between PA and markers of fat mass, our findings
add the aspect that the associations remain significant after
adjusting for several confounders including muscle compo-
nents in both genders, especially in the vigorous
PA intensity.
The specific role of PA on muscle components such as

FFM or FFMBIA has been little studied [17]. Moliner
Urdiales et al. (17) studied the association of PA by
accelerometry with muscular strength and FFM in Spanish
subgroup of HELENA-CSS (n = 363). They conclude that
vigorous PA was positively associated with muscular
strength but not with FFM assessed by Dual-energy X-ray
absorptiometry after adjusting for age and pubertal status.
In contrast, in the present study using the overall sample
of the HELENA-CSS and adjusting for FAS, pubertal sta-
tus, country and additionally to the previous study also
adjusting for fat mass, vigorous PA was positively associ-
ated with FFM and FFMBIA in both genders. Differences
between studies could be due to the additional adjusting
for fat mass besides the inclusion of the adolescent from
all the countries included in this project.
In addition, others studies have analyzed the role of spe-

cific exercise programs to maintain FFM during weigh loss
interventions [18,19]. Johannsen et al. (18) analyzed the as-
sociation between PA with fat mass and FFM simultan-
eously and observed that high levels of PA do not warrant
the preservation of FFM, especially during a weight loss
period. By contrast, Stiegler et al. (19) remarked the advan-
tages of adding exercise training, and not only PA, when
following a weight loss program, in order to maintain FFM
and modify body composition. Unfortunately, due to the
cross sectional design of this study we cannot compare our
results with the findings from interventional studies. No
studies simultaneously address the relationship of PA with
indices of fat and muscle as well as giving gender-specific
information from European adolescents.
Several complementary mechanisms potentially underlie

these independent associations. PA could decrease fat mass
by an increase in the total energy expenditure, while some
kinds of PA, usually considered vigorous, can be more fa-
vorable to develop higher muscle mass (i.e. running or
jumping). Finally, this increase in muscle mass has an add-
itional effect on total energy expenditure due to its own
metabolic requirements [18,19]. However, these mecha-
nisms can only be hypothesized from our cross- sectional
design but should be confirmed in further studies [5].
The overall findings from this research could be useful

for future studies in considering the different body com-
ponents and adjustments when studying the relationship
of PA with body composition. Although the study is not
representative enough to recommend the generalization
of its results to the population, it is plausible to suggest
that the interaction between PA and body components
could have a similar pattern in other adolescents’ popu-
lations, which make these findings more interesting.
The present study has several limitations. Due to its

cross-sectional design, the observed associations cannot
be interpreted to reflect causal relationships. In addition,
the fact that body composition has been measured with
indirect methods (Slaughter equation for the %FM and an
estimating formula from BIA for a marker of muscle
mass). However, several studies considered these methods
as valid and accurate tools [25,26,29] and these have been
previously used for this purpose [3]. Although FFM may
be considered as a marker of muscle mass, the way how it
was measured could include some bias as FFM also in-
cludes bone and residual mass. An important strength is
the large and heterogeneous sample with gender-specific
information, to control for several confounders including
indices of fat mass and muscle and the use of accelerome-
ters to measure PA.
Conclusion
The present study suggests that PA, especially vigorous
PA, has an important influence on indices of fat mass
and the muscular component independent of con-
founders. Future studies should focus not only on the
classical relationship between PA and fat mass, but also
on PA and muscular components, analyzing the inde-
pendent role of both with the different PA intensities.
Further intervention studies to analyze the effects of dif-
ferent PA-exercise programs on fat and muscle compo-
nents at the same time are needed.
Appendix
HELENA Study Group
Co-ordinator: Luis A. Moreno.
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