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Activity to Avoid an Excess of Body

Fat in European Adolescents
The HELENA Study
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Background: It is unclear how much physical activity is necessary to prevent obesity during
adolescence.

Purpose: The purpose of this study was to examine whether the current physical activity guidelines
for youth are associated with a lower risk of excess of body fat in European adolescents.

Methods: A sample of 2094 adolescents from the HELENA cross-sectional study was selected.
Levels of moderate, vigorous, and moderate to vigorous physical activity (MVPA) were assessed
using accelerometers. BMI and percentage of body fat (skinfolds) were calculated and used to
categorize the adolescents as normal-weight/normal-fat, overweight/overfat, and obese. Data were
collected during 2006–2007. Receiver operating characteristic (ROC) analysis, performed in 2009,
was used to determine thresholds that best discriminate between weight and body fat categories.

Results: ROC analysis showed that �18 minutes/day in vigorous physical activity and �55 min-
utes/day in MVPA signifıcantly discriminated between normal-weight and overweight�obesity
categories. Moreover, �9 minutes/day of vigorous physical activity and �49 minutes/day of MVPA
discriminated between normal-fat and overfat/obese adolescents. Adolescents who did not meet the
current physical activity guidelines for youth of 60minutes/day inMVPA increased the risk of having
overweight�obesity (OR�1.24, 95% CI�1.01, 1.534) and overfat�obesity (OR�1.79, 95%
CI�1.33, 2.42). ORs increased when adolescents did not meet the guidelines of at least 15 minutes/
day in vigorous physical activity.

Conclusions: Current physical activity guidelines seem to be appropriate to prevent excess of body
fat in European adolescents. However, participation in vigorous physical activity might have addi-
tional importance in preventing obesity.
(Am J Prev Med 2010;39(3):203–211) © 2010 American Journal of Preventive Medicine
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ntroduction
any years have passed since the fırst recom-
mendation of physical activity for children and
adolescents stated by the American College of

ports Medicine in 19881 up to the more recent physical
ctivity guidelines for youth from the USDHHS in De-
ember 2008.2 During these years, fındings from cross-
ectional, longitudinal, and experimental studies have
ontributed to the development of different physical ac-
ivity guidelines. Several experimental studies helped to
xamine the dose–response effect of physical activity on
ediatric obesity.3 On the other hand, cross-sectional
tudies have also evaluated dose–response associations4,5

nd adherence to physical activity recommendations.6–8

n spite of this, the question about how much physical
ctivity is necessary to prevent obesity in young people
emains to be elucidated.9

Several physical activity recommendations suggest
hat youth should engage in at least 60 minutes/day in
oderate to vigorous physical activity (MVPA).2,10–17

owever, Health Canada promoted a recommendation
mong Canadian children and adolescents that reached
0 minutes/day in MVPA.17 Another concern is that
hese physical activity recommendations do not distin-
uish between children and adolescents18 despite the
ell-documented biological differences between the two
ife periods19 as well as the decrease of physical activity
rom childhood to adolescence.20,21 Therefore, specifıc
ecommendations for children and adolescents are war-
anted. To date, only one old physical activity recommen-
ation has been specifıcally developed for adolescents,22

nd it is stated that adolescents should participate in at
east 20 minutes/day of MVPA.
The aim of the present study was to examine whether

he current physical activity guidelines are associated
ith a low risk of having excess of body fat in European
dolescents participating in the Healthy Lifestyle in Eu-
ope by Nutrition in Adolescence Cross-Sectional Study
HELENA-CSS).

ethods
esign and Participants

he HELENA-CSS is a multicenter investigation carried out in 10
uropean cities: Athens (Greece); Dortmund (Germany); Ghent
Belgium); Heraklion (Greece); Lille (France); Pécs (Hungary);
ome (Italy); Stockholm (Sweden); Vienna (Austria); and Zara-
oza (Spain). The main aim of the HELENA-CSS was to obtain
eliable and comparable data on a broad battery of relevant
utrition- and health-related parameters.23 The sampling and re-
ruitment processes were detailed in a previous report.23 In brief, a
ultiple-stage cluster random sample of adolescents, stratifıed for

eographic location, age, and SES, was obtained, striving for repre- w
entativeness on the level of these cities. Data collection from the
ELENA-CSS took place in 2006�2007.
A total of 3865 adolescents were recruited at schools andmet the

eneral HELENA-CCS inclusion criteria: aged 12.5–17.5 years, not
articipating simultaneously in another clinical trial, free of any
cute infection 1 week before the inclusion, and having informa-
ion on weight and height.23 Adolescents and their parents or
uardians were informed of the nature and characteristics of the
tudy, and all provided awritten informed consent. Ethics commit-
ees from each country approved the HELENA-CSS protocols.24

ody Fat Measurements

easurementswere performedwith the adolescent barefoot and in
nderwear. Bodyweightwasmeasured to the nearest 0.1 kgwith an
lectronic scale and height was measured with a telescopic stadi-
meter to the nearest 0.1 cm.25 BMI was calculated as body weight
ivided by the square of height (kg/m2). Skinfold thickness was
easured to the nearest 0.2 mm in triplicate in the left with a
oltain caliper.25 Body fat percentage (%BF) was calculated from
riceps and subscapular skinfolds using Slaughter’s equations.26,27

ge- and gender-standardized BMI cutoff points were used to
efıne overweight and obesity.28 In addition, age- and gender-
pecifıc 85th and 95th percentile of %BF in the study sample were
sed to defıne overfat and obese adolescents.

hysical Activity Measurements

evels of physical activity were objectively measured using the
ctiGraph GT1M accelerometer. This accelerometer is a compact,
mall, lightweight, and uniaxial monitor designed to detect vertical
cceleration movements. This accelerometer has been widely vali-
ated in youth.29 Adolescents were instructed to place the acceler-
meter at the lower back using an elastic waistband. Theywere also
nstructed to wear the accelerometer at all times for 7 consecutive
ays and to remove it only during water-based activities and sleep-
ng. The interval of time (epoch) was set at 15 seconds in concor-
ance with consensus recommendations for assessing physical ac-
ivity in these ages.30 The data were downloaded onto a computer
sing the manufacturer’s software and later were analyzed by a
oftware based on Visual Basic. The analyzer excluded from the
nalysis bouts of 20 continuous minutes of zeros output, consider-
ng these periods as nonwearing time. Inclusion criteria of at least 3
ays of valid recording and aminimum of 8 hours’ registration per
ay were necessary to be included in the study.
The time spent (minutes/day) in moderate and vigorous physi-

al activity was calculated based on cutoffs of 500 counts per 15
econds and 1000 counts per 15 seconds, respectively. Further,
VPAwas calculated using the cutoff point of�500 counts per 15

econds that is equivalent to walking at 3 km/hour.31 These cutoff
oints to defıne the intensity categories are similar to those used in
revious studies32,33 with European children and adolescents.

tatistical Analyses

sample of 2199 adolescents had valid data on physical activity
nd BMI. Both samples were equivalent to the full HELENA-CSS
ample according to age, gender distribution, and anthropometric
easures. Further, because the aim of this study was to study the
xcess of body fat, those adolescents classifıed as underweight34
ere not included (n�105), even though there were no differences

www.ajpm-online.net
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n levels of physical activity between underweight and normal-
eight adolescents (all p�0.05). Thus, the present study sample
omprised 2094 adolescents (973 boys and 1121 girls), and a total of
994 (902 boys and 1092 girls) had valid data on skinfold
hicknesses.
Study sample characteristics are presented as mean (SD), unless
therwise stated. Differences between genders were analyzed by
NOVA for continuous variables and by the chi-square test for
ominal variables. Receiver operating characteristic (ROC)
urves35 were used to calculate the optimal physical activity cutoff
oints for moderate physical activity, vigorous physical activity,
nd MVPA that best discriminate between the normal-weight/
ormal-fat and overweight�obesity/overfat�obesity categories.
dditional analyses were performed to discriminate between
ormal-weight/normal-fat and obesity using both classifıcations.
An ROC curve provides the whole spectrum of specifıcity/

ensitivity values for all the possible cutoffs. Sensitivity was consid-
red as the probability to correctly identify an overweight/overfat
r obese adolescent (true-positive proportion). Specifıcitywas con-
idered to be the probability of correctly identifying a normal-
eight/normal-fat adolescent. The false-positive proportion were
hose normal-weight/normal-fat adolescents who were incorrectly
dentifıed as being overweight/overfat or obese.
To identify the best cutoff, the distance between the ideal test and

ach sensitivity and 100-specifıcity pair was calculated with the
edCalc statistical software, version 10.4.5). The area under ROC
urve (AUC) and 95%CIs were calculated using the same software.
he AUC represents the ability of the test to correctly classify

able 1. Physical characteristics, body fat, and levels of
dolescents

Characteristics All Boys

n 2094 973

Age (years) 14.7 (1.2) 14.7 (1.2

Weight (kg) 59.0 (11.7) 61.7 (13

Height (cm) 165.5 (9.2) 169.6 (9.8

BMI 21.4 (3.4) 21.3 (3.5

Overweight (%)a 17.8 18.6

Obesity (%)a 5.3 6.4

Overweight�obesity (%)a 23.1 25.0

Body fat (%)b 23.8 (9.2) 20.2 (10

Accelerometer wearing time
(minutes/day)

772 (93) 778 (97

Moderate physical activity
(minutes/day)

39 (15) 42 (16

Vigorous physical activity
(minutes/day)

19 (14) 24 (14

MVPA (minutes/day) 58 (25) 66 (26

ote: Values are M (SD) unless otherwise specified.
Overweight and obese adolescents were classified according to age-
by the International Obesity Task Force.
n�1994, 902, and 1092 for all, boys, and girls, respectively.

VPA, moderate to vigorous physical activity

eptember 2010
dolescents according to their weight/body-fat category. Values of
UC range from 0.5 (noninformative test) to 1.0 (ideal test). The
utoffs, AUC, and the sensitivity/specifıcity pairs were also calcu-
ated for the total sample and for each gender.
Finally, the percentages of adolescents meeting different defıni-

ions of physical activity recommendations for youth (20, 60, and
0 minutes/day in MVPA, 60 minutes/day in MVPA with 30 min-
tes/day in vigorous physical activity, and the recommendation
btained in this study from the ROC analysis) were calculated.
urther, the relationship between not meeting the physical activity
ecommendations and an unhealthy weight or body fat status was
xamined by binary logistic regression analysis. These analyses
ere conducted using SPSS, version 15.0, for Windows, and the
evel of signifıcance was set at �0.05. All the analyses were per-
ormed in 2009.

esults
haracteristics of the study sample are shown in Table 1.
OC analysis using BMI categories (Table 2) showed that
oderate physical activity does not discriminate among
eight status categories, whereas vigorous physical activ-
ty signifıcantly discriminated between normal-weight
nd overweight�obesity, and between normal-weight and
besity.Thesignifıcant cutoffpointsofvigorousphysical activ-
ty associatedwith normal-weightwere 18minutes/day for all,
8–19 minutes/day in boys, and 10 minutes/day in girls. The

optimal cutoffs for time
spent in MVPA were
also signifıcant between
normal-weight and
overweight�obesity and
between normal-weight
andobesity.These cutoffs
werewith55–71minutes/
day in MVPA for all, 56
minutes/day of MVPA
for boys, and 49–51min-
utes/day of MVPA for
girls.
Receiver operating

characteristic analysis
using %BF categories
(Table 3) showed that a
cutoff point of 29 min-
utes/day in moderate
physical activity dis-
criminated between the
normal-fat and excess-
of-body-fat categories
in girls. Vigorous phys-
ical activity and MVPA
cutoffs signifıcantly
discriminated between

ical activity in European

Girls pgender

1121

14.7 (1.2) 0.683

56.6 (9.9) �0.001

162.0 (7.0) �0.001

21.5 (3.3) 0.257

17.1 0.060

4.4 0.042

21.5 0.060

26.7 (6.9) �0.001

766 (90) �0.005

37 (14) �0.001

14 (11) �0.001

50 (25) �0.001

ender-reference values proposed
phys

)

.0)

)

)

.2)

)

)

)

)

and g
the normal-fat and ex-
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ess-of-body-fat categories. The vigorous physical activ-
ty cutoffs were 11–12 minutes/day for all, 17–18 min-
tes/day for boys, and 9–10 minutes/day for girls. The
VPA cutoffs were 49–52minutes/day for the total sam-
le, 47–55 for boys, and 41–42 for girls. The higher AUC

able 2. Physical activity cutoff points to identify the risk
dolescents by ROC analysis

Subjects

Normal-weight vs overweight�o

Cutoff
(minutes/day)

Se
(%)

Sp
(%) AUC (95%

All

Moderate physical activity 47 29.1 74.9 0.48 (0.46

Vigorous physical activity 18 67.1 46.9 0.58 (0.55

MVPA 71 79.8 26.7 0.53 (0.51,

Boys

Moderate physical activity 47 36.2 69.4 0.48 (0.44

Vigorous physical activity 18 53.5 66.7 0.61 (0.57

MVPA 56 44.9 65.3 0.55 (0.51,

Girls

Moderate physical activity 38 46.1 59.4 0.50 (0.46

Vigorous physical activity 10 55.6 59.2 0.59 (0.55

MVPA 51 62.2 45.1 0.54 (0.50,

ote: p-values indicate AUC significantly �0.50.
BMI categories were classified according to age- and gender-reference value
UC, area under the ROC curve; MVPA, moderate to vigorous physical activity

able 3. Physical activity cutoff points to identify the risk
n adolescents by ROC analysis

Subjects

Normal-fat vs overfat�obesi

Cutoff
(minutes/day)

Se
(%)

Sp
(%) AUC (95%

All

Moderate physical activity 28 27.2 78.9 0.51 (0.46

Vigorous physical activity 11 53.0 70.3 0.65 (0.61

MVPA 49 52.3 62.4 0.59 (0.56,

Boys

Moderate physical activity 45 42.2 63.1 0.51 (0.45,

Vigorous physical activity 17 60.7 68.2 0.68 (0.62,

MVPA 47 35.6 79.3 0.59 (0.53,

Girls

Moderate physical activity 29 39.3 72.6 0.55 (0.50,

Vigorous physical activity 9 63.8 63.2 0.65 (0.59,

MVPA 41 47.2 68.8 0.61 (0.55,

ote: p-values indicate AUC significantly �0.50.

Body fat categories were classified according to age- and gender-specific 85th and
UC, area under the ROC curve; MVPA, moderate to vigorous physical activity; ROC
alues were always found when comparing the normal-
eight/normal-fat and obesity categories.
From the results obtained with the ROC analyses, cut-
ff points for MVPA could be slightly rounded to 60
inutes/day for boys and girls. However, the large differ-

n excess of body fat according to BMI categoriesa in

Normal-weight vs obesity

p-value
Cutoff

(minutes/day)
Se
(%)

Sp
(%) AUC (95% CI) p-value

) 0.287 46 35.1 73.2 0.48 (0.42, 0.53) 0.390

) �0.001 18 80.2 47.2 0.66 (0.61, 0.71) �0.001

) 0.022 55 64.9 49.8 0.57 (0.51, 0.62) 0.012

) 0.363 45 48.4 64.0 0.47 (0.39, 0.54) 0.365

) �0.001 19 75.8 62.9 0.70 (0.63, 0.77) �0.001

) 0.022 56 53.2 64.4 0.58 (0.50, 0.65) 0.030

) 0.881 28 34.7 73.1 0.51 (0.43, 0.60) 0.784

) �0.001 10 79.6 56.2 0.70 (0.63, 0.77) �0.001

) 0.039 49 71.4 49.3 0.61 (0.54, 0.69) 0.003

osed by the International Obesity Task Force.
, receiver operating characteristic; Se, sensitivity; Sp, specificity

n excess of body fat according to body fat categoriesa

Normal-fat vs obesity

p-value
Cutoff

(minutes/day)
Se
(%)

Sp
(%) AUC (95% CI) p-value

) 0.749 34 48.5 62.5 0.56 (0.49, 0.62) 0.054

) �0.001 12 69.7 66.2 0.73 (0.69, 0.78) �0.001

) �0.001 52 70.7 57.3 0.66 (0.60, 0.72) �0.001

) 0.694 38 53.3 55.5 0.49 (0.40, 0.58) 0.792

) �0.001 18 77.8 67.3 0.77 (0.70, 0.83) �0.001

) �0.001 55 62.2 65.2 0.63 (0.55, 0.72) �0.001

) 0.024 29 50.0 72.6 0.62 (0.54, 0.70) 0.001

) �0.001 10 81.5 61.6 0.76 (0.69, 0.82) �0.001

) �0.001 42 66.7 65.9 0.71 (0.64, 0.77) �0.001
of a

besity

CI)

, 0.51

, 0.61

0.56

, 0.52

, 0.65

0.59

, 0.54

, 0.63

0.58
of a

ty

CI)

, 0.55

, 0.69

0.63

0.57

0.74

0.65

0.61

0.71

0.67
95th percentile.
, receiver operating characteristic; Se, sensitivity; Sp, specificity
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nces between boys and girls in cutoff points for vigorous
hysical activity deserve emphasis. Therefore, three rec-
mmendationswere proposed, based on the time spent in
igorous-intensity activity: (1) a combined recommenda-
ion for boys and girls of 60 minutes in MVPA with at
east 15 minutes in vigorous physical activity; (2) a rec-
mmendation for boys of 60 minutes in MVPA with at
east 20 minutes/day of vigorous physical activity; (3) a

able 4. Percentage of adolescents meeting physical act
ategories

Categories n
20 minutes/day

MVPA
60 minutes/

MVPA

BMI CATEGORIESb

All

Normal-weight 1610 96.7 42.0

Overweight 373 96.5 38.3

Obesity 111 100 31.5

Boys

Normal-weight 730 98.4 58.8

Overweight 181 98.9 51.4

Obesity 62 100 45.2

Girls

Normal-weight 880 95.3 28.1

Overweight 192 94.3 26.0

Obesity 49 100 14.3

% BODY FAT
CATEGORIESc

All

Normal-fat 1696 98.6 42.6

Overfat 199 97.5 35.2

Obesity 99 97.0 19.2

Boys

Normal-fat 767 99.7 58.5

Overfat 90 98.9 53.5

Obesity 45 100 33.3

Girls

Normal-fat 929 97.7 29.5

Overfat 109 96.3 20.2

Obesity 54 94.4 7.4

60 minutes/day in MVPA with 15 minutes/day in VPA (all), 20 min
BMI categories were classified according to age- and gender-refere
Percentage of body fat categories were classified according to age-
PA, moderate physical activity; MVPA, moderate to vigorous physic
ecommendation for girls of 60minutes ofMVPAwith at c

eptember 2010
east 10 minutes of vigorous physical activity. The per-
entages of adolescents meeting the physical activity rec-
mmendations by gender,weight, and body fat categories
re displayed in Table 4.
Figure 1a shows the OR of having overweight�obesity

nd overfat�obesity if the adolescent did not meet the
hysical activity recommendations for the total sample
nd by gender. In the whole sample, only those adoles-

recommendations for youth stratified in body fat

90 minutes/day
MVPA

90 minutes/day
MPA with 30

minutes/day VPA
The present

studya

10.2 8.3 37.8

9.9 7.2 33.0

9.0 5.4 23.4

17.7 14.7 50.0

16.0 12.7 40.3

14.5 8.1 22.6

4.5 3.1 26.4

4.2 2.1 24.0

2.0 2.0 14.3

10.6 8.8 38.0

6.5 3.0 30.2

5.1 1.0 14.1

17.7 15.5 49.7

10.0 5.6 38.9

11.1 2.2 15.6

4.7 3.2 27.8

3.7 0.9 16.5

0 0 7.4

day in VPA (boys), or 10 minutes/day in VPA (girls)
alues proposed by the International Obesity Task Force.
gender-specific 85th and 95th percentile.
tivity; VPA, vigorous physical activity
ivity

day

utes/
nce v
and
ents who did not meet the 60 minutes in MVPA recom-
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endation and the recommendation of 60 minutes in
VPA with at least 15 minutes in vigorous physical
ctivity had an increased risk of being in both the

igure 1. OR and 95% CI for having overweight�obesity
eeting the physical activity recommendation, compared t
oys ( ); and girls (e)
ote: The physical activity recommendations for youth are th
VPA; C: 90 minutes/day in MVPA; D: 90 minutes/day in
inutes/day in MVPA with 15 minutes/day in VPA (all); or 2
VPA, moderate to vigorous physical activity; VPA, vigoro
verweight�obesity (OR�1.24, 95% CI�1.01, 1.53, and i
R�1.36, 95% CI�1.10, 1.70, respectively) and the
verfat�obesity (OR�1.79, 95% CIs�1.33, 2.42, and
R�1.85, 95%CI�1.40, 2.45, respectively) categories. Sim-

overfat�obesity (a) and obesity (b) in adolescents not
se meeting the recommendations for the total sample (�);

llowing: A: 20 minutes/day in MVPA; B: 60 minutes/day in
A with 30 minutes/day in VPA; E: The present study: 60

inutes/day in VPA (boys); or 10 minutes/day in VPA (girls).
hysical activity
and
o tho

e fo
MVP
0 m
larly in boys, only the 60 minutes inMVPA recommenda-
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ion and the recommendation of 60minutes inMVPAwith
t least 20 minutes in vigorous physical activity obtained
ignifıcant ORs of having both overweight�obesity and
verfat�obesity. In girls, none recommendation obtained
ignifıcantORs for overweight�obesity.Despite this, the 60
inutes inMVPA recommendation and the recommenda-

ion of 60 minutes in MVPA with at least 10 minutes in
igorous physical activity obtained signifıcant ORs of
verfat�obesity in girls. All analyses were repeated by ana-
yzing the risk of having obesity in normal-weight/normal-
at adolescents and results were similar (Figure 1b).

iscussion
he main result of the current study suggests that physical
ctivity recommendations for youth that advise 60minutes/
ay inMVPAareassociatedwith reduced riskofoverweight
nd obesity in European adolescents. Adolescents who did
ot meet 60 minutes/day in MVPA with at least 10–20
inutes/day in vigorous physical activity might have a
igher risk of having an excess of body fat than adolescents
homeet the daily overall 60minutes inMVPA.
The USDHHS together with several medical institutions

ecently launched the Physical Activity Guidelines for Chil-
ren and Adolescents, where it is mentioned that this pop-
lation group should participate in 60 minutes or more of
hysical activity daily.2 This recommendation continues
long the same lines aspreviouspublichealth recommenda-
ions for this population. However, a fınal note in the
SDHHS recommendation suggests that children and ado-
escents should do vigorous physical activity at least 3 days
er week but none volume is stated.2 The current results
oncur with these recommendations because it was also
hown that between 10 and 20 minutes/day in vigorous
hysical activity might have a major benefıt in reducing
ody fat in this life period. Only the Health Canada recom-
endation of 90 minutes/day inMVPA included a specifıc
ecommendation for vigorousphysical activity (i.e., 30min-
tes in vigorous physical activity).17 Conversely, the possi-
ility to achieve this goal is questioned as observed in the
urrent fındings, and recently theyhave adhered to the stan-
ard 60minutes inMVPA guidelines.11 In contrast, the old
ecommendation for adolescents of 20minutes inMVPA22

as achieved formost of adolescents independently of gen-
erandbody fat.According to thecurrent results, the20and
0 minutes/day in MVPA thresholds do not seem to be
dequate.
A threshold of 60 minutes/day in MVPA might dis-

riminate between normal-weight and overweight�obesity
dolescents as well as between those in the normal-fat
ersus overfat�obesity category. Nevertheless, approxi-
ately 20 minutes/day in vigorous physical activity in

oys, 10 minutes/day in girls, and 15 minutes/day com- p

eptember 2010
ined for both genders discriminated more accurately
etween normal-weight/normal-fat and unhealthier
eight and body fat categories. The key role of vigorous
hysical activity on overweight and obesity has been
ighlighted in a number of cross-sectional and experi-
ental studies. For example, an earlier study36 evaluated

he effect of a vigorous physical activity training in 38
onobese adolescents (18 control) and the results showed
eductions in subcutaneous adipose tissue measured by
agnetic resonance. Another study37 examined the asso-
iations of objectively assessed physical activitywith body
at measured by dual-energy x-ray absorptiometry
DXA), and only objectively assessed vigorous physical
ctivity explained a signifıcant proportion of the variance
n body fat after controlling for potential confounders.
imilarly, one study38 found that insuffıcient vigorous
hysical activity estimated by accelerometry was the only
isk factor for higher weight in 878 adolescents. Likewise,
he authors have found similar results in previous re-
orts.39–41 These and the current fındings highlight the
ole of daily vigorous physical activity to prevent over-
eight and obesity during adolescence.
When the thresholds were examined by intensities, in

eneral, moderate physical activity cutoff points did not
ignifıcantly discriminate among weight and body fat
ategories, whereas vigorous physical activity always
ound signifıcant cutoffs. Interestingly, MVPA cutoffs
lso discriminated between weight status and body fat
ategories. Taken together, the current results suggest
hat MVPA is negatively associated with an excess of
ody fat as a result of the vigorous physical activity in-
luded into the MVPA threshold. Likewise, in a previous
tudy with a subsample of 365 Spanish adolescents from
he HELENA-CSS, where body fat was measured by
XA, BodPod, and anthropometry, MVPA and espe-
ially vigorous physical activity were negatively associ-
ted with indicators of body fat.39 Subsequently, the
VPA cutoff points found in the current study seem to

epresent the necessary time in MVPA to guarantee
nough time in vigorous physical activity, in order to
void excess of body fat in adolescents. Following this
ationale, it is recommended that the guideline of 60
inutes in MVPA be maintained and that a specifıc pe-
iod of vigorous physical activity be added as part of that
ime period instead of adding more overall time spent in
hysical activity (e.g., 60 minutes in MVPA plus 15 min-
tes in vigorous physical activity). Thus, an after-school
ntervention in black girls provided 80minutes inMVPA
n order to ensure enough vigorous physical activity, and
he greatest decreases were found in those girls who
aintained the highest heart rates during the training.42

Differences observed between boys and girls in vigorous

hysical activity cutoff points allowed a different recom-
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endation with 20 minutes/day for boys and 10 minutes/
ay for girls and a combined recommendation of 15 min-
tes/day for both genders. The obvious biological and
hysical activity differences between genders across adoles-
encemayneed to be reflected in the physical activity guide-
ines. Several recommendations basedon stepsmeasuredby
edometer have suggested different thresholds for boys and
irls related to a healthy weight status.43–45 Nevertheless, a
ombined recommendation was included for both genders
f 60 minutes/day in MVPA including 15 minutes/day in
igorous physical activity, similar to the recommendation
ade in a previous study.46 This study46 found that 45
inutes/day in moderate physical activity and 15 minutes/
ay in vigorous physical activitywere independently associ-
ted with reduced body fat and BMI status in children.
nfortunately, the small sample didnot allowan analysis by
ender, but girls were engaged in less-vigorous physical ac-
ivity than boys.
In further analyses, an examination was made of the
Rs of having overweight�obesity, overfat�obesity,
nd obesity in adolescents not meeting several physical
ctivity recommendations, including the current propos-
ls obtained by the ROC analysis. These analyses showed
hat the whole sample that did not meet the recommen-
ation had a signifıcantly greater risk of having an excess
f body fat than other recommendations. These results
ere stronger in boys than in girls, for whom the current
roposal obtained similar results compared with the
verall 60 minutes/day in MVPA recommendation.
ll the other physical activity recommendations fai-
ed to detect signifıcant risks of having both
verweight�obesity and overfat�obesity if the adoles-
ent did not meet such recommendations.
Strengths of the current study include measurements
y accelerometer and a relatively large sample of adoles-
ents from 10 European cities. Also, two methods were
sed to estimate body fat (BMI and %BF by skinfolds).
MI is widely used for the screening of obesity both in
hildren and adolescents; however, BMI seems to be as-
ociated with leanmass rather than with fat mass.47 Like-
ise, physical activity might have an effect on both lean
nd fat masses.2 Moreover, BMI seems to be a better
ndicator of adiposity than %BF obtained by skinfolds in
bese adolescents.48 These are the reasons why both BMI
nd %BF variables were included in this study.
The current study has limitations as well. The cross-

ectional design limits the possibility to infer directional-
ty. Thus, although reverse causalitymight be considered,
here is certain evidencewith regard to the plausible effect
f physical activity on body fat in youth.36,42,49 Another
imitation of the study is that both BMI and %BF by
kinfolds are indirect methods to assess body fat. In ad-

ition, there are inherent limitations when the current
hysical activity outcomes are compared with those of
ther studies because of several factors such as type of
onitor, length of the epoch, and cutoff points selected.8

In summary, the physical activity recommendation of
0 minutes/day inMVPAmay be enough to avoid excess
f body fat in adolescents. However, vigorous physical
ctivity seems to be a key factor for decreasing the possi-
ility of being obese. Therefore, public health recommen-
ations should include a specifıc amount of vigorous
hysical activity for adolescents. In this framework, these
esults need to be contrasted in experimental designs.
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