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Objectives: To examine the association of objectively assessed physical activity (PA) with markers of total and central body fat in
adolescents, and to determine whether meeting the current PA recommendations (X60 min day�1 of at least moderate intensity
PA) is associated with reduced levels of total and central body fat.
Subjects/Methods: A total of 365 Spanish adolescents aged 12.5–17.5 years participated in this cross-sectional study. PA was
assessed by accelerometry and expressed as average PA (counts per minute), and min day�1 of light, moderate, moderate to
vigorous (MVPA) and vigorous PA. MVPA was dichotomized into o60 min day�1 and X60. Total body fat was measured by
DXA, BodPod and the sum of six skinfolds. Central body fat was measured by DXA at three regions (R1, R2 and R3), and waist
circumference.
Results: All markers of central body fat were negatively associated with vigorous PA (Po0.01) after controlling for sex, age and
pubertal status. Abdominal adiposity measured at R1, R2 and R3 was also negatively associated with MVPA (Pp0.001), and with
average PA (Po0.01). All markers of total body fat were negatively associated with vigorous PA (Po0.01), MVPA (Po0.01) and
average PA (Po0.05). Adolescents engaged on at least 60 min day�1 MVPA presented lower levels of total (Po0.05) and central
body fat (Pp0.01).
Conclusions: The results suggest that vigorous PA may have a greater effect on preventing obesity in adolescents than does PA
of lower intensity, whereas both average PA and at least moderate PA may have an impact on total and central body fat in youth.
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Introduction

There is compelling evidence that objectively assessed

physical activity (PA) is negatively associated with markers

of total1–10 and central body fat,8,11–14 in children and

adolescents,15 but with contradictory results.16,17 Most of the

epidemiological studies used anthropometry to assess body

composition because it is the most feasible method when

large samples need to be assessed. However, more advanced

methods to assess body composition such as Dual-Energy X-

ray Absorptiometry (DXA) are also required to minimize the

error of measurement and to better understand the associa-

tion between PA and body fat in youth.

The US Department of Health and Human Services

together with several medical institutions recently launched

Physical Activity Guidelines for children and adolescents: it

is mentioned that this population group should participate
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in 1 h or more of PA per day, and most of the activity should

be moderate or vigorous aerobic PA.18 Whether meeting the

current PA recommendations, based on an objective assess-

ment of PA, is associated with a healthier body composition,

as measured by accurate methods, remains to be elucidated.

For preventive purposes and public health strategies, it is of

great interest to understand the impact of PA on levels of

total and central body fat in adolescents.

The aim of this study was to examine the association

between objectively assessed PA and markers of total and

central body fat measured by DXA, BodPod and anthro-

pometry in a Spanish cohort of adolescents participat-

ing in the HELENA-CSS (Healthy Lifestyle in Europe by

Nutrition in Adolescence Cross-Sectional) study. We also

determined whether meeting the current PA recommenda-

tions was associated with reduced levels of total and central

body fat.

Subjects and methods

Subjects

The HELENA-CSS study is a multi-centre, cross-sectional

study performed in ten European cities that was designed to

obtain reliable and comparable data on a broad battery of

relevant nutrition and health-related parameters of a sample

of European adolescents:19,20 dietary intake, food choices

and preferences, anthropometry, serum indicators of lipid

metabolism and glucose metabolism, vitamin and mineral

status, immunological markers, physical activity, fitness and

genetic markers.

All participants were recruited at schools and met the

general HELENA-CCS inclusion criteria (age range 12.5–17.5

years, not participating simultaneously in another clinical

trial and be free of any acute infection lasting less than 1

week before the inclusion).19,20 A total of 392 adolescents

were measured in Zaragoza (Spain), and 365 (182 female and

183 male participants) had valid DXA and PA data, and were

then included in this study. After receiving complete

information about the aims and methods of the study, all

adolescents and their parents or guardians signed the

informed written consent.

The study was performed following the ethical guidelines

of the Declaration of Helsinki 1961 (revision of Edinburgh

2000). For the Spanish sample, the study protocol was

approved by the Research Ethics Committee of the Govern-

ment of Aragón (CEICA; Spain). Complete description of

ethical issues and good clinical practice within the HELENA-

CSS study can be found elsewhere.21

Body fat assessment

Body fat assessed by DXA: Body fat was assessed using a

paediatric version of the software (QDR-Explorer, Hologic

Corp., Software version 12.4, Waltham, MA, USA). The DXA

was calibrated using a lumbar spine phantom as recom-

mended by the manufacturer, and adolescents were scanned

in supine position. Analysis of total body fat mass was

performed using the extended research mode according to

the operating manual. Percentage total body fat was

calculated as total body fat mass divided by body weight.

Abdominal adiposity was assessed at three different

regions, R1, R2 and R3 (Figure 1).22,23 A rectangle was drawn

on the digital scan image to establish every region. All of

them had the lower horizontal border on the top of the iliac

crest. For R1, the upper border was established parallel to the

end of the lowest rib. The upper border of R2 was parallel to

the junction of T12 and L1 vertebrae, and for R3, it was

parallel to the middle of the costo-vertebrae articulation of

the last rib. The lateral sides of these regions were adjusted to

include all the body tissue.

Body fat assessed by BodPod: Body volume was measured

by BodPod using standardized procedures.24 The BodPod was

calibrated daily according to the manufacturer’s guidelines.

Subjects wore clothing according to the manufacturer’s

Figure 1 Abdominal fat regions by Dual-Energy X-ray Absorptiometry.
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recommendation (a swimsuit and a swim cap) to rule out air

trapped in clothes and hair. Adolescents were weighed 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. Percentage total body fat was

calculated using the equation reported by Siri.25 Thoracic gas

volume was measured following the manufacturer’s recom-

mendations.24 This value was integrated into the calculation

of body volume. Total body fat mass was calculated as

percentage total body fat mass multiplied by body mass (kg)

and then divided by 100.

Anthropometry. The anthropometric methods followed in

the HELENA-CSS study has been described in detail by Nagy

et al.20,26 In brief, body height was measured to the nearest

0.1 cm with a stadiometer SECA 225, whereas adolescents

were standing barefoot. Body mass was determined to the

nearest 100 g using a balance scale SECA 861 with the subject

in their underwear. Body mass index was calculated as body

mass (kg) divided by height (m) squared.

Skinfold thickness was measured to the nearest 0.2 mm

in triplicate in the left side at biceps, triceps, subscapular,

suprailiac, thigh and medial calf with a Holtain Caliper

(Crymych, UK).26 The sum of six skinfold thickness was used

as an indicator of total body fat. The same trained

investigator made all skinfold thickness measurements. For

all the skinfold thickness measurements, intraobserver

technical errors of measurement were smaller than 1 mm

and reliability greater than 95%.27 Waist circumference was

measured to the nearest 1 mm in triplicate at the level of the

natural waist, which is the narrowest part of the torso, as

seen from the anterior aspect with an anthropometric un-

elastic tape SECA 200, and was used as a surrogate of central

body fat. The same trained investigator made all measure-

ments and reliability was greater than 95%.

Pubertal status

Pubertal status was assessed by an experienced physician,28

as described elsewhere.29

Physical activity

A uni-axial accelerometer (Actigraph MTI, model GT1M,

Manufacturing Technology Inc., Fort Walton Beach, 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 7 consecutive

days. They were also instructed to wear the accelerometer

during all time 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.

In this study, the time sampling interval (epoch) was set at

15 s. A measure of total volume of activity (hereafter called

average PA) was expressed as the sum of recorded counts per

epoch divided by total daily registered time expressed in

minutes. The time engaged in moderate PA and vigorous PA

was calculated and presented as the average time per day

during the complete registration. The time engaged at

moderate PA [3–6 metabolic equivalents] was calculated

based upon a cutoff of 2000–3999 counts per minute. The

lower cutoff for moderate activity, that is 2000 counts per

minute, is equivalent to walking at 3 km h�1.30 The time

engaged at vigorous PA (46 metabolic equivalents) was

calculated based upon a cutoff of X4000 counts per minute.

Also, the time spent in at least a moderate intensity level

(43 metabolic equivalents) was calculated as the sum of

time spent in moderate or vigorous PA (MVPA). Time spent

in light PA was defined as the sum of time per day in which

counts per minute were 500–1999 counts. The cutoffs to

define the intensity categories are similar to those used in

previous studies.16,31,32 Each minute over the specific cutoff

was summarized in the corresponding intensity level group.

Validation studies examining the accelerometer used in

this study and the construction of summary variables for

intensity of movement suggests that it is a valid and reliable

measure of children’s and adolescent’s PA.33,34

MVPA was dichotomized into o60 and X60 min day�1

according to the recent guidelines launched by the US

Department of Health and Human Services and other

institutions.18,35

Statistical analysis

The data are presented as means±s.d. unless otherwise

stated. To achieve normality in the residuals, markers of total

and central body fat were transformed to the natural

logarithm. Gender differences were assessed by one-way

analysis of variance.

Multiple regressions were used to study the association of

PA (light, moderate, vigorous, MVPA and average PA) with

markers of central body fat (R1, R2 and R3 by DXA, and waist

circumference). Likewise, we performed multiple regression

analyses to study the association of PA with markers of total

body fat (DXA, BodPod and the sum of six skinfolds). All

these relationships were analysed in separate regression

models that always retained sex, age and pubertal status as

the base model (that is, confounders). No interaction effect

between sex and any of the PA variables was found (all

P40.1), therefore, all analyses were performed jointly for

male and female participants. Semipartial correlations were

used as the measure of the relationship between PA and the

part of the outcome (markers of total and central body fat)

that is not explained by the other predictors in the model

(sex, age and pubertal status). In other words, it is a measure

of the variance in the outcome that PA alone share.

Mean differences in markers of central (R1, R2 and R3 by

DXA, and waist circumference) and total body fat (DXA,
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BodPod and the sum of six skinfolds) by time spent at MVPA

(o60 vs X60 min day�1) were analysed by one-way analysis

of covariance. Sex, age and pubertal status were entered as

covariates. The analyses were performed using the Statistical

Package for Social Sciences (SPSS, v. 16.0 for WINDOWS;

SPSS Inc., Chicago, USA) and the level of significance was

set to o0.05.

Results

The characteristics of the study population by sex are shown

in Table 1. Male participants had lower levels of total and

central body fat than female participants (all Pp0.001),

except for waist circumference, that was higher in the former

(Pp0.001). Male participants were more physically active

than female participants (all Pp0.001), and the prevalence

of male participants achieving at least 60 min day�1 MVPA

was also higher than in female participants (57.9 vs 23.6%,

respectively, Po0.001).

The results of the regression models with markers of

central body fat as the outcome variables are shown in

Table 2. All the studied markers of central body fat were

negatively associated with vigorous PA (all Po0.01). Abdo-

minal adiposity measured at R1, R2 and R3 was negatively

associated with MVPA (all Pp0.001) and with average PA

(all Po0.01). There was no association between waist circum-

ference and average PA (P¼0.128), whereas the association

with MVPA was borderline significant (P¼0.059). No asso-

ciation was observed between markers of central body fat

and light or moderate PA (all P40.05), yet the associations of

abdominal adiposity measured at R1 and R2 with moderate

PA were borderline significant (P¼0.061 and 0.064, respec-

tively). The results did not materially change after further

controlling for height.

The results of the regression models with markers of total

body fat as the outcome variables are shown in Table 3. All

the studied markers of total body fat were negatively asso-

ciated with vigorous PA (all Po0.01), MVPA (all Po0.01)

and average PA (all Po0.05). No association was observed

between markers of total body fat and light or moderate PA

(all P40.05), yet, the associations of total body fat measured

by DXA and the sum of six skinfolds were borderline

significant (P¼0.067 and 0.091, respectively).

Figure 2 shows the mean sum of central body fat measured

at R1, R2 and R3, and waist circumference by time spent at

MVPA. The analysis of covariance indicated that markers of

central body fat were lower in those adolescents engaged in

at least 60 minday�1 MVPA (all Pp0.01), except waist circum-

ference that was similar among MVPA groups (P¼0.202). The

mean sum of total body fat measured by DXA, BodPod and

Table 1 Characteristics of the study adolescents by gender

Male participants (n¼183) Females participants (n¼ 182) All (n¼365)

Age (years) 14.7±1.3 14.8±1.2 14.8±1.2

Tanner stage (%)

Stage 1 0.0 0.0 0.0

Stage 2 4.5 0.6 2.6

Stage 3 10.2 5.1 7.7

Stage 4 20.5 6.3 13.4

Stage 5 64.8 88.0 76.4

Height (m) 1.69±0.1*** 1.60±0.1 1.64±0.1

Weight (kg) 61.0±12.5*** 54.3±8.9 57.7±11.4

BMI (kg m�2) 21.2±3.2 21.1±3.1 21.2±3.2

Sum of six skinfolds (mm) 79.1±39.0*** 106.1±32.1 92.4±38.2

Waist circumference (cm) 75.2±8.9*** 71.4±7.5 73.3±8.4

Fat mass by DXA (kg) 13.2±6.2*** 16.3±5.2 14.7±5.9

Fat mass by DXA (%) 21.3±7.1*** 29.9±5.3 25.6±7.6

Abdominal adiposity R1 by DXA (kg) 0.7±0.5*** 1.0±0.6 0.9±0.6

Abdominal adiposity R2 by DXA (kg) 1.1±0.7*** 1.3±0.8 1.2±0.8

Abdominal adiposity R3 by DXA (kg) 1.2±0.8*** 1.5±0.9 1.4±0.9

Fat mass by Bod Pod (kg) 12.4±7.1*** 15.4±5.7 14.0±6.6

Fat mass by Bod Pod (%) 19.8±8.9*** 27.7±6.5 23.8±8.7

Physical activity

Light (min day�1) 79.6±20.6 76.8±17.3 78.2±19.0

Moderate (min day�1) 41.5±14.7*** 35.2±12.7 38.4±14.0

Vigorous (min day�1) 24.8±14.3*** 13.8±11.0 19.4±13.8

MVPA (min day�1) 66.3±24.8*** 49.1±20.1 57.7±24.1

Average intensity (c.p.m.) 476.7±155.6*** 367.9±116.5 422.5±147.7

X60 min day�1 MVPA (%) 57.9 23.6 40.8

DXA indicates dual-energy X-ray absorptiometry; MVPA, moderate to vigorous physical activity. Abdominal adiposity R1 includes a body area from top of the iliac

crest to the end of the lowest rib; R2 includes from top of the iliac crest to the junction of the T12 and L1 vertebrae; R3 includes from top of the iliac crest to the costo-

vertebrae articulation of the last rib. ***Pp0.001
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the sum of six skinfolds by time spent at MVPA is depicted in

Figure 3. The analysis of covariance indicated that markers of

total body fat were lower in those adolescents engaged in at

least 60 min day�1 MVPA (Po0.05).

Discussion

The main findings of this study indicate that PA, especially of

vigorous intensity, is inversely associated with markers of

total body fat and abdominal adiposity in adolescents. The

results of this study also indicated that adolescents meeting

the current PA recommendations of 60 min day�1 MVPA had

significant lower levels of total body fat and abdominal

adiposity than their less active counterparts. The results were

fairly consistent regarding the methodology used to assess

body fat mass; yet, the associations were stronger when body

fat markers were measured by DXA.

The inverse relationship between objectively assessed PA

and body fat agree with previous studies.1–11 Lohman et al.6

reported a significant association of total body fat assessed

by anthropometry with MVPA and vigorous PA. Wittmeier

et al.3 investigated 251 Canadian children aged 8–11 years

and observed that time spent in MVPA was inversely

correlated with body mass index and a skinfold-derived

Table 2 Multiple regression coefficients (b), semipartial correlations (sr), and coefficients of determination (R2 and R2 change) examining the association of light,

moderate, vigorous, moderate and vigorous physical activity and average physical activity with markers of abdominal adiposity, after controlling for sex, age and

pubertal status

Dependent variable Predictors b P sr R2 R2 change

Abdominal adiposity R1 (n¼ 342) Light �0.031 0.567 �0.030 0.094 0.001

Moderate �1.000 0.061 �0.096 0.102 0.009

Vigorous �0.260 o0.001 �0.236 0.149 0.056

MVPA �0.198 o0.001 �0.185 0.127 0.034

Average PA �0.176 0.001 �0.164 0.120 0.027

Abdominal adiposity R2 (n¼ 342) Light �0.029 0.603 �0.027 0.056 0.001

Moderate �0.101 0.064 �0.097 0.064 0.010

Vigorous �0.265 o0.001 �0.240 0.113 0.058

MVPA �0.201 o0.001 �0.188 0.091 0.035

Average PA �0.181 0.001 �0.168 0.083 0.028

Abdominal adiposity R3 (n¼ 342) Light �0.030 0.598 �0.028 0.047 0.001

Moderate �0.092 0.093 �0.089 0.054 0.008

Vigorous �0.236 o0.001 �0.214 0.093 0.046

MVPA �0.181 0.001 �0.169 0.075 0.029

Average PA �0.157 0.006 �0.146 0.068 0.021

Waist circumference (n¼ 350) Light 0.024 0.656 0.023 0.088 0.001

Moderate �0.032 0.551 �0.030 0.089 0.001

Vigorous �0.170 0.002 �0.154 0.112 0.024

MVPA �0.103 0.059 �0.096 0.097 0.009

Average PA �0.084 0.128 �0.078 0.094 0.006

Abbreviations: MVPA, moderate and vigorous physical activity; PA, physical activity. All variables were log transformed, except light and moderate PA.

Table 3 Multiple regression coefficients (b), semipartial correlations (sr), and coefficients of determination (R2 and R2 change) examining the association of

light, moderate, vigorous, moderate and vigorous physical activity and average physical activity with markers of total body fat, after controlling for sex, age,

and pubertal status

Dependent variable Predictors b P sr R2 R2 change

Fat mass (DXA) Light �0.021 0.698 �0.020 0.121 0.000

(n¼ 343) Moderate �0.096 0.067 �0.093 0.130 0.009

Vigorous �0.260 o0.001 �0.236 0.177 0.056

MVPA �0.195 o0.001 �0.182 0.154 0.033

Average PA �0.178 0.001 �0.165 0.149 0.027

Fat mass (BodPod) (n¼ 346) Light 0.005 0.928 0.005 0.101 0.000

Moderate �0.060 0.253 �0.058 0.104 0.003

Vigorous �0.215 o0.001 �0.195 0.139 0.038

MVPA �0.144 0.008 �0.134 0.119 0.018

Average PA �0.132 0.016 �0.123 0.116 0.015

Sum of six skinfolds (n¼338) Light �0.008 0.881 �0.007 0.192 0.000

Moderate �0.086 0.091 �0.083 0.198 0.007

Vigorous �0.238 o0.001 �0.215 0.238 0.046

MVPA �0.186 o0.001 �0.174 0.222 0.030

Average PA �0.155 0.003 �0.145 0.213 0.021

Abbreviations: MVPA, moderate and vigorous physical activity; PA, physical activity. All variables were log transformed, except light and moderate PA.
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estimate of body fat, whereas Ruiz et al.5 reported that only

vigorous PA was associated with the sum of five skinfold

thickness.

Studies using more sophisticated techniques to assess body

composition showed more consistent results. Gutin et al.10

investigated 421 US adolescents aged 16 years, and observed

a significant association between moderate and vigorous

PA and total body fat measured by DXA, which coincide

with others.2,9 Our findings concur with recent studies in

children and adolescents showing a negative association

between central body fat and PA, especially of vigorous

intensity.8,11–14,36 Saelens et al.14 analysed 42 obese children

aged 8 years and found that greater total PA was associated

with lower visceral fat measured by magnetic resonance.

Ness et al.11 analysed a sample of 5500 12-year-old children

enroled in the Avon Longitudinal Study of Parents and

Children and observed a strong graded inverse association

between PA and trunk fat measured by DXA, especially in

male participants. Furthermore, Dencker et al.36 showed that

vigorous PA was independently related to abdominal adipo-

sity measured by DXA. Probably, as we observed in our study,

waist circumference is not a sensitive marker of central body

fat during growth and development.37

Evidence from intervention studies support that PA in

children and adolescents reduces total and central body

fat.38–42 According to the US Department of Health and Human

Services, adolescents must achieve at least 60 min day�1 of

MVPA.18 Indeed, findings of this study support these recom-

mendations, showing that adolescents engaged in at least

60 min day�1 MVPA have a healthier body composition.

Results from cross-sectional and longitudinal studies also

indicated that participation in at least 3 h per week of

extracurricular physical activities and sport competitions is

associated with less body fat mass (measured by DXA) in

prepubertal children compared with children who do not

participate in sports regularly.43 Furthermore, those children

who regularly participated in sports activities at least 3 h per

week during 3 years were more protected against total and

regional, especially central fat mass accumulation.44

It is important to consider when interpreting the findings

from this study that because of the study design (cross-

sectional) it is not possible to infer a causal relationship

between PA and body fatness. Although we controlled for

several potential confounders we cannot be certain that

other unmeasured confounders such as dietary intake and

genetic variation, have not influenced our observations. It

should also be acknowledged that there is poor to moderate

agreement between accelerometry and energy expenditure,

and that the Actigraph has poor validity against indirect

calorimetry and double-labelled water, especially in young

Figure 2 Mean sum of abdominal adiposity measured at R1, R2 and R3, and waist circumference by time spent at moderate and vigorous physical activity (MVPA).

Error bars represent s.e.
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children,45 whereas less evidence exist for adolescents. It

should be mentioned that the cutoff points used in this

study to define physical activity intensities are similar to

those used in previous studies,16,31,32 and that seem to be

useful and valid for estimating participation in moderate

and vigorous physical activity in children and adolescents,

particularly time spent in vigorous physical activity.46,47

Furthermore, it seems that among the commercially avail-

able accelerometers, the one used in this study (Actigraph

MTI, model GT1M) showed the best correlation with doubly

labelled water derived energy expenditure.48 It would have

been ideal to collect PA data after a few days of wearing the

activity monitors; however, owing to logistic reasons, this

was not possible. The use of sophisticated methods such as

DXA to assess total body fat and abdominal adiposity and

the use of accelerometers to assess PA in a relatively large

sample of adolescents with a short sampling interval (15 s)

are strengths of our study.

The findings of this study support and extend previous

findings,5,8–11,14 and suggest that general exercise recom-

mendations for adolescents should encourage vigorous PA.

It is reasonable to recommend moderate PA (for example,

walking, cycling at low intensity) for obese and unfit

adolescents until higher intensities (for example, playing

sports, running) can gradually be attained. Therefore, it

seems convenient to encourage less active and obese adoles-

cents to engage in moderate PA and appropriate dieting,

gradually progressing to higher intensities as they become

less fat and most likely more fit. Further interventional

studies examining genetic and dietary factors, in addition

to body composition and objectively assessed PA are still

needed for a better understanding of these associations in

young people.

Conflict of interest

The authors declare no conflict of interest.

Acknowledgements

The HELENA Study took place with the financial support of

the European Community Sixth RTD Framework Programme

(Contract FOOD-CT: 2005-007034). This work was also

partially supported by the European Union, in the frame-

work of the Public Health Programme (ALPHA project, Ref:

2006120), the Swedish Council for Working Life and Social

Research (FAS), and the Spanish Ministry of Education (EX-

2007-1124, and AP-2004-2745). The content of this paper

reflect only the authors’ views and the rest of HELENA study

members and the European Community is not liable for any

use that may be made of the information contained therein.

References

1 Rowlands AV, Eston RG, Ingledew DK. Relationship between
activity levels, aerobic fitness, and body fat in 8- to 10-yr-old
children. J Appl Physiol 1999; 86: 1428–1435.

2 Abbott RA, Davies PS. Habitual physical activity and physical activity
intensity: their relation to body composition in 5.0–10.5-y-old
children. Eur J Clin Nutr 2004; 58: 285–291.

Figure 3 Mean sum of total body fat measured by DXA, BodPod and the

sum of six skinfolds by time spent at moderate and vigorous PA. Errors bars

represent s.e.

Physical activity and body composition
D Moliner-Urdiales et al

1132

International Journal of Obesity



3 Wittmeier KD, Mollard RC, Kriellaars DJ. Objective assessment of
childhood adherence to Canadian physical activity guidelines in
relation to body composition. Appl Physiol Nutr Metab 2007; 32:
217–224.

4 Ekelund U, Sardinha LB, Anderssen SA, Harro M, Franks PW,
Brage S et al. Associations between objectively assessed physical
activity and indicators of body fatness in 9- to 10-y-old European
children: a population-based study from 4 distinct regions in
Europe (the European Youth Heart Study). Am J Clin Nutr 2004;
80: 584–590.

5 Ruiz JR, Rizzo NS, Hurtig-Wennlof A, Ortega FB, Warnberg J,
Sjostrom M. Relations of total physical activity and intensity to
fitness and fatness in children: the European Youth Heart Study.
Am J Clin Nutr 2006; 84: 299–303.

6 Lohman TG, Ring K, Schmitz KH, Treuth MS, Loftin M, Yang S
et al. Associations of body size and composition with physical
activity in adolescent girls. Med Sci Sports Exerc 2006; 38:
1175–1181.

7 Dencker M, Thorsson O, Karlsson MK, Linden C, Eiberg S,
Wollmer P et al. Daily physical activity related to body fat in
children aged 8-11 years. J Pediatr 2006; 149: 38–42.

8 Dencker M, Thorsson O, Karlsson MK, Linden C, Wollmer P,
Andersen LB. Daily physical activity related to aerobic fitness and
body fat in an urban sample of children. Scand J Med Sci Sports
2008; 18: 728–735.

9 Butte NF, Puyau MR, Adolph AL, Vohra FA, Zakeri I. Physical
activity in nonoverweight and overweight Hispanic children and
adolescents. Med Sci Sports Exerc 2007; 39: 1257–1266.

10 Gutin B, Yin Z, Humphries MC, Barbeau P. Relations of moderate
and vigorous physical activity to fitness and fatness in adoles-
cents. Am J Clin Nutr 2005; 81: 746–750.

11 Ness AR, Leary SD, Mattocks C, Blair SN, Reilly JJ, Wells J et al.
Objectively measured physical activity and fat mass in a large
cohort of children. PLoS Med 2007; 4: e97.

12 Ortega FB, Ruiz JR, Sjostrom M. Physical activity, overweight and
central adiposity in Swedish children and adolescents: the
European Youth Heart Study. Int J Behav Nutr Phys Act 2007; 4: 61.

13 Hussey J, Bell C, Bennett K, O’Dwyer J, Gormley J. Relationship
between the intensity of physical activity, inactivity, cardiore-
spiratory fitness and body composition in 7-10-year-old Dublin
children. Br J Sports Med 2007; 41: 311–316.

14 Saelens BE, Seeley RJ, van Schaick K, Donnelly LF, O’Brien KJ.
Visceral abdominal fat is correlated with whole-body fat and
physical activity among 8-year-old children at risk of obesity. Am
J Clin Nutr 2007; 85: 46–53.

15 Ruiz JR, Ortega FB. Physical Activity and Cardiovascular Disease
Risk Factors in Children and Adolescents. Curr Cardiovasc Risk
Reports (in press).

16 Ekelund U, Anderssen SA, Froberg K, Sardinha LB, Andersen LB,
Brage S. Independent associations of physical activity and cardio-
respiratory fitness with metabolic risk factors in children: the
European youth heart study. Diabetologia 2007; 50: 1832–1840.

17 Ortega FB, Ruiz JR, Hurtig-Wennlof A, Vicente-Rodriguez G, Rizzo
NS, Castillo MJ et al. Cardiovascular fitness modifies the
associations between physical activity and abdominal adiposity
in children and adolescents. The European Youth Heart Study. Br
J Sports Med 2008.

18 U.S. Department of Health and Human Services. http://
www.health.gov/PAGuidelines/ .

19 Moreno LA, De Henauw S, Gonzalez-Gross M, Kersting M, Molnar
D, Gottrand F et al. Design and implementation of the healthy
lifestyle in Europe by nutrition in Adolescence Cross-Sectional
Study. Int J Obes (London) 2008; 32: S4–S11.

20 Moreno LA, Gonzalez-Gross M, Kersting M, Molnar D, de
Henauw S, Beghin L et al. Assessing, understanding and
modifying nutritional status, eating habits and physical activity
in European adolescents: the HELENA (Healthy Lifestyle in
Europe by Nutrition in Adolescence) Study. Public Health Nutr
2008; 11: 288–299.

21 Beghin L, Castera M, Manios Y, Gilbert CC, Kersting M, De
Henauw S et al. Quality assurance of ethical issues and regulatory
aspects relating to good clinical practices in the HELENA Cross-
Sectional Study. Int J Obes (London) 2008; 32: S12–S18.

22 Park YW, Heymsfield SB, Gallagher D. Are dual-energy X-ray
absorptiometry regional estimates associated with visceral
adipose tissue mass? Int J Obes Relat Metab Disord 2002; 26:
978–983.

23 Kamel EG, McNeill G, Van Wijk MC. Usefulness of anthropo-
metry and DXA in predicting intra-abdominal fat in obese men
and women. Obes Res 2000; 8: 36–42.

24 McCrory MA, Gomez TD, Bernauer EM, Mole PA. Evaluation of a
new air displacement plethysmograph for measuring human
body composition. Med Sci Sports Exerc 1995; 27: 1686–1691.

25 Siri WE. Body composition from fluid spaces and density: analysis
of methods. 1961. Nutrition 1993; 9: 480–491; discussion 480,
492.

26 Nagy E, Vicente-Rodriguez G, Manios Y, Beghin L, Iliescu C, Censi
L et al. Harmonization process and reliability assessment of
anthropometric measurements in a multicenter study in adoles-
cents. Int J Obes (London) 2008; 32: S58–S65.

27 Moreno LA, Joyanes M, Mesana MI, Gonzalez-Gross M, Gil CM,
Sarria A et al. Harmonization of anthropometric measurements
for a multicenter nutrition survey in Spanish adolescents.
Nutrition 2003; 19: 481–486.

28 Tanner JM, Whitehouse RH. Clinical longitudinal standards for
height, weight, height velocity, weight velocity, and stages of
puberty. Arch Dis Child 1976; 51: 170–179.

29 Iliescu C, Beghin L, Maes L, De Bourdeaudhuij I, Libersa C,
Vereecken C et al. Socioeconomic questionnaire and clinical
assessment in the HELENA Cross-Sectional Study: methodology.
Int J Obes (London) 2008; 32: S19–S25.

30 Puyau MR, Adolph AL, Vohra FA, Butte NF. Validation and
calibration of physical activity monitors in children. Obes Res
2002; 10: 150–157.

31 Ekelund U, Sardinha LB, Andersen SA, Harro M, Franks PW, Brage
S et al. Associations between objectively assessed physical activity
and indicators of body fatness in 9- to 10-y-old European
children: a population-based study from 4 distinct regions in
Europe (the European Youth Heart Study). Am J Clin Nutr 2004;
80: 584–590.

32 Sardinha LB, Baptista F, Ekelund U. Objectively measured
physical activity and bone strength in 9-year-old boys and girls.
Pediatrics 2008; 122: e728–e736.

33 Trost SG, Pate RR, Sallis JF, Freedson PS, Taylor WC, Dowda M
et al. Age and gender differences in objectively measured physical
activity in youth. Med Sci Sports Exerc 2002; 34: 350–355.

34 Puyau MR, Adolph AL, Vohra FA, Zakeri I, Butte NF. Prediction of
activity energy expenditure using accelerometers in children.
Med Sci Sports Exerc 2004; 36: 1625–1631.

35 Strong WB, Malina RM, Blimkie CJ, Daniels SR, Dishman RK,
Gutin B et al. Evidence based physical activity for school-age
youth. J Pediatr 2005; 146: 732–737.

36 Dencker M, Andersen LB. Health-related aspects of objectively
measured daily physical activity in children. Clin Physiol Funct
Imaging 2008; 28: 133–144.

37 Ruiz JR, Ortega FB, Tresaco B, Warnberg J, Mesa JL, Gonzalez-
Gross M et al. Serum lipids, body mass index and waist
circumference during pubertal development in Spanish adoles-
cents: the AVENA Study. Horm Metab Res 2006; 38: 832–837.

38 Barbeau P, Johnson MH, Howe CA, Allison J, Davis CL, Gutin B
et al. Ten months of exercise improves general and visceral
adiposity, bone, and fitness in black girls. Obesity (Silver Spring)
2007; 15: 2077–2085.

39 Eliakim A, Makowski GS, Brasel JA, Cooper DM. Adiposity, lipid
levels, and brief endurance training in nonobese adolescent
males. Int J Sports Med 2000; 21: 332–337.

40 Gutin B, Barbeau P, Owens S, Lemmon CR, Bauman M, Allison J
et al. Effects of exercise intensity on cardiovascular fitness, total

Physical activity and body composition
D Moliner-Urdiales et al

1133

International Journal of Obesity

http://www.health.gov/PAGuidelines/ 
http://www.health.gov/PAGuidelines/ 


body composition, and visceral adiposity of obese adolescents.
Am J Clin Nutr 2002; 75: 818–826.

41 Klijn PH, van der Baan-Slootweg OH, van Stel HF. Aerobic
exercise in adolescents with obesity: preliminary evaluation of a
modular training program and the modified shuttle test. BMC
Pediatr 2007; 7: 19.

42 Owens S, Gutin B, Allison J, Riggs S, Ferguson M, Litaker M et al.
Effect of physical training on total and visceral fat in obese
children. Med Sci Sports Exerc 1999; 31: 143–148.

43 Ara I, Vicente-Rodriguez G, Jimenez-Ramirez J, Dorado C,
Serrano-Sanchez JA, Calbet JA. Regular participation in sports
is associated with enhanced physical fitness and lower fat mass
in prepubertal boys. Int J Obes Relat Metab Disord 2004; 28:
1585–1593.

44 Ara I, Vicente-Rodriguez G, Perez-Gomez J, Jimenez-Ramirez J,
Serrano-Sanchez JA, Dorado C et al. Influence of extracurricular

sport activities on body composition and physical fitness in
boys: a 3-year longitudinal study. Int J Obes (London) 2006; 30:
1062–1071.

45 De Vries SI, Van Hirtum HW, Bakker I, Hopman-Rock M, Hirasing
RA, Van Mechelen W. Validity and reproducibility of motion
sensors in youth: a systematic update. Med Sci Sports Exerc 2009;
41: 818–827.

46 Trost SG, Way R, Okely AD. Predictive validity of three ActiGraph
energy expenditure equations for children. Med Sci Sports Exerc
2006; 38: 380–387.

47 Trost SG, Pate RR, Sallis JF, Freedson PS, Taylor WC, Dowda M
et al. Age and gender differences in objectively measured physical
activity in youth. Med Sci Sports Exerc 2002; 34: 350–355.

48 Plasqui G, Westerterp KR. Physical activity assessment with
accelerometers: an evaluation against doubly labeled water.
Obesity (Silver Spring) 2007; 15: 2371–2379.

Appendix

HELENA Study Group

Co-ordinator: Luis A Moreno.

Core Group members: Luis A Moreno, Fréderic Gottrand,
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Christina Breidenassel, Andre Spinneker, Jasmin Al-Tahan,

Miriam Segoviano, Anke Berchtold, Christine Bierschbach,

Erika Blatzheim, Adelheid Schuch, Petra Pickert.

University of Granada (Spain)
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