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A B S T R A C T

Objective: To evaluate the association between specific dietary habits and body fatness in Spanish adoles-
cents, and to analyze the role of leisure-time physical activity (LTPA) in this association.
Methods: In this cross-sectional study, 1,978 adolescents (1,017 girls) aged 13.0–18.5 years from the AVENA
(Alimentaciòn y Valoraciòn del Estado Nutricional en Adolescentes) study were included. Particular dietary
habits (breakfast, mid-morning snack, lunch, afternoon snack, dinner, and nighttime snack, as well as time
spent eating, number of meals, consumption of soft drinks, and ready-to-eat foods) and LTPA were self-
reported and analyzed as dichotomic variables (yes/no). The sum of six skinfold thicknesses and waist
circumference (WC) values were the main body fatness variables.
Result: Skinfolds andWC values were lower in adolescents who reported consumption of mid-morning snack,
afternoonsnack,more than fourmealsperday, andanadequate speedof eating, independentlyofparticipation in
LTPA. Moreover, a beneficial influence of breakfast consumption on skinfolds and WC values was observed in
those adolescent boys who did not participate in LTPA (p for interactions � .044 and .040, respectively).
Conclusions: In Spanish adolescents, certain healthy dietary habits (i.e., mid-morning snack, afternoon
snack, � 4 meals per day, adequate eating speed) are associated with lower body fatness, independently of
engaging in LTPA. In addition, among boys with non-LTPA, those who skipped breakfast showed the highest
body fatness values, indicating a beneficial influence of daily breakfast on body fat in this particular group.
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Obesity is a chronic disease associated with early develop-
ment of cardiovascular diseases, diabetes, and cancer, which are
among the most prevalent derived pathologies. The etiology of
obesity has a multifactor origin, in which apart from genetic
factors, lifestyle habits seem to play an important role in both its
triggering and its development [1,2]. Special attention needs to
be given to childhood obesity because many studies have
pointed out that obese children are more likely to become obese
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adults [1]. It is noteworthy that obesity risk factors in children are
particularly related to dietary factors [1,2]. The main reason for
this alarming trend is the shift in nutritional and lifestyle habits
caused by the increased popularity of fast foods, soft drinks, and
diminished physical activity (PA). Presently, all these common
upward trends are adopted by children and adolescents [1,2].
Thus, nowadays, the scientific community has begun to devote
growing attention to examine the factors that influence eating
behaviors and dietary quality, particularly in the most suscepti-
ble populations, such as adolescents [3].

It is important to highlight that childhood and adolescence
are decisive periods in human life within which body composi-
tion and psychosociologic changes determine nutritional re-
quirements, as well as eating and PA behavior variability [4]. The
characteristic behavior patterns that show up during adoles-
cence may produce energy unbalance and nutritional status dis-
turbances. Prospective controlled trials to assess the protective
potential of promoting regular and frequent meals in children
and their families are highly desirable to strengthen the evidence
base for such preventive approaches, which should explore the
feasibility and effects of interventions [5]. Data from cross-
sectional studies have identified several dietary patterns associ-
ated with early obesity development, such as meal frequency
and distribution, skipping meals, soft drink and fast food con-
sumption, as well as high eating speed [6].

On the other hand, regular PA seems to offer protection
against a wide variety of these chronic disease-related risk fac-
tors during childhood and adolescence [7–9]. Moreover, the
combination of adequate PA togetherwith healthy dietary habits
has also been shown to help prevent obesity and other nutrition-
related alterations common in adolescence, such as poor bone
mineralization [6,10].

Studies have shown that both dietary habits and PA indepen-
dently affect the development of obesity. The current tendency is
to perform cluster analyses, for example, to evaluate the com-
bined effect of health-related factors related to a common trait;
for instance, certain lifestyle habits that may increase the indi-
vidual obesity risk. In this context, the specific contribution of
each dietary and PA factors should be determined, but then it is
necessary to know the interactions between them. However, to
our knowledge, this information is lacking, and no data are avail-
able in this respect for adolescents in Spain. Therefore, the pres-
ent study is aimed to evaluate the association between specific
dietary habits and body fatness in Spanish adolescents, analyzing
the role of leisure-time PA (LTPA) in this association.

Methods

Design and participants

The AVENA study (Alimentaciòn y Valoraciòn del Estado Nutri-
cional de los Adolescentes/Feeding and assessment of nutritional
status of Spanish adolescents) is a cross-sectional and multi-
center study performed on a representative sample of urban
Spanish adolescents aged between 13.0 and 18.5 years. The com-
plete and detailed methodology of the AVENA study has been
published in other studies [11,12]. Briefly, 2,859 adolescents
were assessed in five Spanish cities (Granada, Madrid, Murcia,
Santander, and Zaragoza) between 2000 and 2002. The AVENA
studywas designed to evaluate dietary patterns, anthropometry,
lifestyle habits, healthmarkers, biomarkers, and geneticmarkers
in adolescents. Participants lacking the complete and valid PA

and anthropometricmeasurementswere excluded, and thus, the
final sample for the present study was 961 boys and 1,017 girls
(n � 1,978). The protocol for the study was approved by the
Review Committee for Research Involving Human Subjects from
MarquÊs de Valdecilla University Hospital (Santander, Spain).

Anthropometric assessment

Harmonization and standardization of anthropometric mea-
surements within the AVENA study have been detailed else-
where [13]. Anthropometric measurements were taken on bare-
foot participants wearing only undergarments. Therefore, body
weight (kg)was estimatedwithout shoes andwith light clothing,
and measured to .05 kg by using a standard beam balance. Body
height was measured using a stadiometer SECA 714 (range, 60–
200 cm [Seca, Hamburg, Germany]). Skinfold thickness wasmea-
sured on the left side of the body with a Holtain caliper at the
following sites: (1) triceps, halfway between the acromion process
and the olecranon process; (2) biceps, at the same level as the
triceps skinfold, directly above the center of the cubital fossa; (3)
subscapular, approximately 20mmbelow the tip of the scapula, at
an angle of 45 degrees to the lateral side of the body; (4) suprailiac,
about 20mm above the iliac crest and 20mm toward themedial
line; (5) thigh, in the midline of the anterior aspect of the thigh,
midway between the inguinal crease and the proximal border of
the patella; (6) calf, at the level of maximum calf circumference,
on the medial aspect of the calf. Waist circumference (WC) was
measured with an inelastic tape between the lowest rib and iliac
crest, at the end of a gentle expiration. In the present study, the
sum of six skinfolds (sum6) was used as a marker of total body
fat, whereas WC was used as a marker of abdominal fat.

Dietary habits

Adolescents’ eating behaviors were assessed by question-
naire. The participants were asked whether they usually con-
sumed commercially ready-to-eat foods (yes or no), about their
eating speed (medium or quick), and about the frequency and
distribution of the following meals: breakfast, mid-morning
snack, lunch, afternoon snack, dinner, and nighttime snack. Soft
drink consumption was assessed using a 24-hour diet recall. The
24-hour recall was administered throughout the year to avoid
seasonal variations; questionnaires were administered homoge-
neously from Monday to Friday. A nutrient database software
(Grunumur, Murcia, Spain) [14] was used to define soft drinks as
caloric soft drinks, colas, and isotonic drinks. Sugar-free soft
drinks were not included in the analysis. Data were categorized
as “yes” (when participants consumed any kind of soft drinks) or
“no” (when consumption of these drink was null).

Physical activity patterns

Participation in LTPA was determined from the following
question: “Do you undertake any physical sporting activity after
school?” Adolescents had to select “yes” or “no.”

Statistical analysis

Data are presented as mean � standard deviation unless oth-
erwise stated. First, the distribution of continuous variables was
assessed for normality before analyses. Differences between ad-
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