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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 adolescents, 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 selfreported 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 and WC values were lower in adolescents who reported consumption of mid-morning snack,
afternoon snack, more than four meals per day, and an adequate speed of eating, independently of participation 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.
䉷 2012 Society for Adolescent Health and Medicine. All rights reserved.
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Obesity is a chronic disease associated with early development 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

1054-139X/$ - see front matter 䉷 2012 Society for Adolescent Health and Medicine. All rights reserved.
doi:10.1016/j.jadohealth.2011.08.016

404

S. Gòmez-Martìnez et al. / Journal of Adolescent Health 50 (2012) 403– 409

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 susceptible populations, such as adolescents [3].
It is important to highlight that childhood and adolescence
are decisive periods in human life within which body composition and psychosociologic changes determine nutritional requirements, as well as eating and PA behavior variability [4]. The
characteristic behavior patterns that show up during adolescence may produce energy unbalance and nutritional status disturbances. 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 crosssectional studies have identiﬁed several dietary patterns associated with early obesity development, such as meal frequency
and distribution, skipping meals, soft drink and fast food consumption, 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 factors during childhood and adolescence [7–9]. Moreover, the
combination of adequate PA together with healthy dietary habits
has also been shown to help prevent obesity and other nutritionrelated alterations common in adolescence, such as poor bone
mineralization [6,10].
Studies have shown that both dietary habits and PA independently affect the development of obesity. The current tendency is
to perform cluster analyses, for example, to evaluate the combined effect of health-related factors related to a common trait;
for instance, certain lifestyle habits that may increase the individual 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 available in this respect for adolescents in Spain. Therefore, the present 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 Nutricional de los Adolescentes/Feeding and assessment of nutritional
status of Spanish adolescents) is a cross-sectional and multicenter study performed on a representative sample of urban
Spanish adolescents aged between 13.0 and 18.5 years. The complete 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
study was designed to evaluate dietary patterns, anthropometry,
lifestyle habits, health markers, biomarkers, and genetic markers
in adolescents. Participants lacking the complete and valid PA

and anthropometric measurements were 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 measurements within the AVENA study have been detailed elsewhere [13]. Anthropometric measurements were taken on barefoot participants wearing only undergarments. Therefore, body
weight (kg) was estimated without shoes and with 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 was measured 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 20 mm below the tip of the scapula, at
an angle of 45 degrees to the lateral side of the body; (4) suprailiac,
about 20 mm above the iliac crest and 20 mm toward the medial
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 questionnaire. The participants were asked whether they usually consumed 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 homogeneously 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 otherwise stated. First, the distribution of continuous variables was
assessed for normality before analyses. Differences between ad-

S. Gòmez-Martìnez et al. / Journal of Adolescent Health 50 (2012) 403– 409

405

35.5 vs. 81.0 ⫾ 39.5; p ⫽ .005), and a similar trend was observed
for WC (76.3 ⫾ 9.0 vs. 77.9 ⫾ 10.2; p ⫽ .089). This effect was not
observed in girls. Dietary habits did not inﬂuence signiﬁcantly
the practice of LTPA (data not shown), except for the consumption of ready-to-eat foods in girls, which was related to less LTPA
participation (odds ratio ⫽ .68; 95% conﬁdence interval: .476 –
.962).

olescent boys and girls were determined by the Student t test for
continuous variables, and 2 test was used for categorical data.
Differences in body fatness levels between groups of LTPA
(yes or no) were assessed by analysis of covariance adjusted by
age. Additionally, a binary logistic regression analysis was performed to determine whether participation in LTPA was associated with dietary habits.
Differences in body fatness levels according to some dietary
habits were assessed by analysis of covariance using three different models: model 1 was adjusted by age, model 2 was adjusted
by age and LTPA, and model 3 was focused on the interactions
between dietary habits and LTPAs. Statistical analyses were performed using the SPSS statistical software release 17 for Windows XP (Chicago, IL). Statistical signiﬁcance was set at p ⬍ .05
for all the analyses, with the exception of interactions that was
set at p ⬍ .1.

Association of dietary habits with body fatness, independently of
LTPA
Table 2 shows the association between dietary habits and
markers of total and abdominal body fatness. Overall, the levels
of sum6 and WC were lower in those adolescents reporting
consumption of mid-morning snacks, afternoon snacks, and
more than four meals per day than in those who did not show
these habits. In addition, those adolescents who reported quick
eating showed higher levels of both total and abdominal body
fatness markers than those who reported adequate eating speed.
The results did not substantially change when LTPA was included
as a covariate (model 2) (Table 2).
To assess possible interactions between dietary habits and
LTPA on body fatness, respective interaction terms were included in the analyses (e.g., breakfast ⫻ LTPA). According to
model 3, participation in LTPA seems to be capable of modulating
the relationship between dietary habits and body fatness. Specifically, when analyzing the interactions between participation in
LTPA and dietary habits, skipping breakfast had a negative impact on sum6 and WC (p ⬍ .05) among those boys who reported
non-LTPA. However, the practice of LTPA attenuated the negative
inﬂuence of skipping breakfast on body fatness markers in adolescent boys (p for interaction ⫽ .044 for sum6 and .040 for WC)
but not in girls (both p for interaction ⬎ .1) (Figure 1).

Results
Descriptive characteristics
Characteristics and dietary habits of the adolescent sample
are shown in Table 1. The boys showed higher weight, height,
and WC than girls, although their sum6 was lower than that
found in girls. The percentage of boys reporting participation in
LTPA was also higher than that reported by girls (81.5% vs. 51.5%;
p ⬍ .001); 89% of all adolescents reported having breakfast, the
proportion of boys being signiﬁcantly higher than that of girls
(91.1% vs. 87.1%; p ⫽ .011). Although no gender differences were
observed for mid-morning snack consumption, afternoon and
nighttime snack intakes were more widespread in boys than in
girls (73.2% vs. 68.9%, p ⫽ .034; 30.4% vs. 21.4%, p ⫽ .009, respectively). Boys also reported a lower percentage of eating speed
adequacy than girls (58.4% vs. 65.6%; p ⫽ .002). The proportion of
boys and girls who consumed both soft drinks and commercially
ready-to-eat foods was similar (Table 1).

Discussion
The present ﬁndings suggest that the main dietary habits
associated with higher levels of body fat in Spanish adolescents
are (i) skipping mid-morning snack, (ii) skipping afternoon
snack, (iii) eating less than four meals per day, and (iv) quick

Association of LTPA with body fatness and dietary habits
LTPA signiﬁcantly affected body fatness markers in boys, with
lower values of skinfolds in those who practiced LPTA (73.4 ⫾
Table 1
Description of the adolescent population from the AVENA study, Spain

Age (year)
Weight (kg)
Height (cm)
Body mass index (kg/m2)
Sum of 6 skinfolds (mm)
Waist circumference (cm)
Participation in LTPA (%)
Dietary habits (%)
Breakfast (yes)
Mid-morning snack (yes)
Lunch (yes)
Afternoon snack (yes)
Dinner (yes)
Nighttime snack (yes)
Eating speed (adequate)
More than four meals/day (yes)
Soft drinks consumption (yes)
Ready-to-eat foods consumption

N

All

n

Boys

n

Girls

p for sex

1,978
1,978
1,978
1,978
1,978
1,978
1,978

15.3 ⫾ 1.3
59.8 ⫾ 11.8
166.2 ⫾ 8.7
21.6 ⫾ 3.4
87.1 ⫾ 35.6
73.9 ⫾ 9.0
66.1

961
961
961
961
961
961
961

15.2 ⫾ 1.3
63.7 ⫾ 12.6
171.0 ⫾ 8.5
21.7 ⫾ 3.6
74.8 ⫾ 36.3
76.6 ⫾ 9.2
81.5

1,017
1,017
1,017
1,017
1,017
1,017
1,017

15.4 ⫾ 1.3
56.2 ⫾ 9.6
161.8 ⫾ 6.2
21.4 ⫾ 3.3
98.7 ⫾ 30.1
71.0 ⫾ 8.0
51.5

.008
<.001
<.001
.095
<.001
<.001
<.001

1,649
1,558
1,666
1,567
1,597
1,384
1,683
1,316
1,192
1,688

89.0
67.6
98.3
71.2
82.8
27.1
62.3
78.0
29.9
83.5

763
713
773
728
740
651
776
611
539
778

91.1
66.5
98.2
73.2
83.4
30.4
58.4
80.4
30.6
84.3

Data are presented as mean ⫾ SD or percentage. p denotes statistical signiﬁcance between genders.
LTPA ⫽ leisure-time physical activity.

886
845
893
839
694
733
907
705
653
910

87.1
68.5
98.4
68.9
82.4
24.1
65.6
75.9
29.4
82.7

.011
.391
.700
.034
.598
.009
.002
.051
.650
.386
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Table 2
Differences in total and central body fat according to dietary habits in Spanish adolescents
Sum of 6 skinfolds (mm)

Breakfast
No
Yes
pmodel 1
pmodel 2
Mid-morning snack
No
Yes
pmodel 1
pmodel 2
Lunch
No
Yes
pmodel 1
pmodel 2
Afternoon snack
No
Yes
pmodel 1
pmodel 2
Dinner
No
Yes
pmodel 1
pmodel 2
Nighttime snack
No
Yes
pmodel 1
pmodel 2
Speed of eating
Adequate
Quick
pmodel 1
pmodel 2
More than 4 meals/day
No
Yes
pmodel 1
pmodel 2
Soft drinks
No
Yes
pmodel 1
pmodel 2
Ready-to-eat foods
No
Yes
pmodel 1
pmodel 2

Waist circumference (cm)

n

Boys

n

Girls

n

Boys

n

Girls

763
68
695

75.0 ⫾ 36.2
76.8 ⫾ 37.1
74.8 ⫾ 36.1
.594
.621
74.5 ⫾ 36.2
83.2 ⫾ 40.8
70.1 ⫾ 32.8
<.001
<.001
75.2 ⫾ 36.4
87.2 ⫾ 38.1
75.0 ⫾ 36.4
.180
.190
74.5 ⫾ 36.2
88.3 ⫾ 41.4
69.6 ⫾ 32.8
<.001
<.001
75.1 ⫾ 36.4
77.3 ⫾ 36.4
74.7 ⫾ 36.4
.521
.514
74.1 ⫾ 36.0
75.3 ⫾ 37.0
71.3 ⫾ 33.4
.257
.332
75.2 ⫾ 36.4
73.0 ⫾ 35.8
78.2 ⫾ 37.0
.037
.027
74.2 ⫾ 36.2
91.7 ⫾ 42.1
70.0 ⫾ 33.4
<.001
<.001
75.6 ⫾ 37.6
74.1 ⫾ 36.7
79.1 ⫾ 39.5
.168
.174
75.2 ⫾ 36.3
71.5 ⫾ 32.7
75.9 ⫾ 37.0
.208
.204

886
114
772

98.8 ⫾ 30.7
101.8 ⫾ 31.7
98.4 ⫾ 30.6
.280
.306
98.5 ⫾ 30.7
101.6 ⫾ 29.2
97.1 ⫾ 31.3
.047
.040
98.7 ⫾ 30.6
96.7 ⫾ 35.0
98.8 ⫾ 30.5
.825
.795
98.4 ⫾ 30.4
104.0 ⫾ 33.0
95.9 ⫾ 28.8
<.001
<.001
98.5 ⫾ 30.5
101.0 ⫾ 32.5
98.0 ⫾ 30.0
.271
.284
97.4 ⫾ 29.8
98.2 ⫾ 30.0
94.9 ⫾ 29.2
.205
.202
98.5 ⫾ 30.4
96.3 ⫾ 29.4
102.6 ⫾ 31.9
.003
.003
97.5 ⫾ 29.9
106.8 ⫾ 32.0
94.5 ⫾ 28.6
<.001
<.001
99.8 ⫾ 30.2
99.3 ⫾ 30.1
101.1 ⫾ 30.4
.488
.479
98.5 ⫾ 30.4
101.1 ⫾ 29.6
97.9 ⫾ 30.5
.210
.169

763
68
695

76.5 ⫾ 9.0
77.0 ⫾ 9.7
76.4 ⫾ 9
.729
.742
76.4 ⫾ 8.9
77.7 ⫾ 9.8
75.7 ⫾ 8.9
.001
<.001
76.5 ⫾ 9.1
81.2 ⫾ 8.9
76.4 ⫾ 9.1
.062
.065
76.3 ⫾ 9.0
80.7 ⫾ 10.2
74.8 ⫾ 8.0
<.001
<.001
76.5 ⫾ 9.1
77.0 ⫾ 9.5
76.4 ⫾ 9.1
.379
.376
76.2 ⫾ 8.9
76.4 ⫾ 9.3
76.0 ⫾ 8.0
.444
.497
76.5 ⫾ 9.1
75.5 ⫾ 8.9
77.9 ⫾ 9.2
<.001
<.001
76.2 ⫾ 9.0
81.6 ⫾ 10.8
74.9 ⫾ 8.0
<.001
<.001
76.7 ⫾ 9.2
76.2 ⫾ 8.7
77.7 ⫾ 10.3
.056
.057
76.5 ⫾ 9.1
75.4 ⫾ 8.9
76.7 ⫾ 9.1
.133
.132

886
114
772

71.2 ⫾ 8.0
72.0 ⫾ 9.5
71.1 ⫾ 7.8
.279
.288
71.2 ⫾ 8.0
71.8 ⫾ 8.2
71.0 ⫾ 7.9
.192
.181
71.2 ⫾ 8.0
73.1 ⫾ 10.2
71.2 ⫾ 7.9
.367
.374
71.2 ⫾ 8.0
72.4 ⫾ 8.3
70.7 ⫾ 7.7
.005
.005
71.1 ⫾ 7.9
70.8 ⫾ 7.5
71.2 ⫾ 8.0
.559
.551
70.9 ⫾ 7.7
71.2 ⫾ 7.8
69.9 ⫾ 7.0
.062
.062
71.2 ⫾ 7.9
70.6 ⫾ 7.7
72.3 ⫾ 8.3
.002
.002
70.9 ⫾ 7.7
72.8 ⫾ 9.3
70.3 ⫾ 7.0
<.001
<.001
71.6 ⫾ 8.1
71.8 ⫾ 8.3
71.0 ⫾ 7.5
.259
.272
71.2 ⫾ 7.9
71.9 ⫾ 7.9
71.0 ⫾ 7.9
.184
.165

713
239
474

773
14
759

728
191
537

740
123
617

651
453
198

776
453
323

611
120
491

539
374
165

778
122
656

845
266
579

893
14
879

839
261
578

857
151
706

733
556
177

907
595
312

705
170
535

653
461
192

910
157
753

713
239
474

773
14
759

728
191
537

740
123
617

651
453
198

776
453
323

611
120
491

539
374
165

778
122
656

845
266
579

893
14
879

839
261
578

857
151
706

733
556
177

907
595
312

705
170
535

653
461
192

910
157
753

Data are presented as mean ⫾ SD. Model 1: adjusted for age. p denotes statistical signiﬁcance between groups.
Model 2: adjusted for age ⫹ LTPA.

eating, independently of participation in LTPA (Table 2). By contrast, LTPA alone was related to lower sum of skinfolds in boys,
but not in girls. Moreover, an interesting interaction was observed between dietary habits (speciﬁcally, eating breakfast) and
participation in LTPA concerning body fatness. Those boys who
participated in LTPAs showed similar sum of skinfolds and WC
values, regardless of having breakfast or not; in contrast, among
less-active boys, skipping breakfast was associated with signiﬁcantly higher body fatness markers. In view of our results, we
could suggest that having breakfast might counteract the potential negative inﬂuence of not practicing LTPA on body fatness in
boys (Figure 1).

According to the recent literature, data regarding dietary and
other lifestyle habits, such as PA levels, are necessary to understand the current trends in the increasing early obesity prevalence [6 –9]. Our results show that 81.5% of boys and 51.5% of girls
practice some type of LPTA, which is in agreement with previous
studies [15].
Regarding eating habits, there has been much debate about
the best criteria to deﬁne meals and snacks [16]. In our opinion, the best deﬁnitions are those based on the time of the day
when people eat, which may corroborate other ﬁndings
[17,18], and that is the criterion adopted for the current study,
classifying meals as breakfast, mid-morning snack, lunch, af-
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Figure 1. Differences in total and central body fat across breakfast consumption and leisure-time physical activity groups in Spanish adolescents. Values are mean ⫾ SE.
*p ⬍ .05 compared with the skipping breakfast/non–leisure-time physical activity group.

ternoon snack, dinner, and nighttime snack (before going to
bed).
In the present study, adolescent boys showed a signiﬁcantly
higher percentage of breakfast habit than adolescent girls (91.1%
vs. 87.1%), in concordance with previous studies [19 –23]. Other
authors [21] have also reported a higher percentage of boys
having dinner than girls. However, these gender differences have
not been found in the current study. By contrast, girls reported a
more suitable eating speed than boys, also in accordance to
previous studies carried out in school-going adolescents aged
12–13 years [24]. In addition, 80.4% of boys and 75.9% of girls
reported to consume four or more meals per day, which is lower
than the values observed in a similar population (89.7% boys and
84.4% girls) [23] (Table 1). To date, there is little information
about meal frequency in adolescents, although it is commonly
accepted that skipping main meals may promote overweight

[25,26]. Our results support this hypothesis, as signiﬁcant correlations have been found between mid-morning and afternoon
snack intakes and lower skinfolds and WC values. A recent study
has reported that nighttime snack is negatively associated with
being overweight in adolescent boys and girls [24], although this
association has not been observed in the current study. In general, our results showed that adolescents eating more than four
meals per day had lower skinfolds and WC, which is in agreement with previous studies that found negative association between meal frequency and body fatness [24,27,28]. Quick eating
also appeared to be related to higher body fatness markers,
which corroborates other ﬁndings [24] (Table 2).
A relatively high percentage of adolescents reported soft
drink consumption (29.9%) (Table 1), which is in agreement with
the trend of increasing consumption of sugar-sweetened beverages observed during the last decade [29]. As this increase in
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sugar drink consumption has been parallel to the rise in obesity
prevalence, there might be a relationship between both events
[30]. However, studies focused on this issue have obtained inconsistent results [31,32]. In fact, our results do not sustain a relationship between soft drinks and body fatness markers. Similarly, the increasing consumption of ready-to-eat food has been
proposed as another contributor to the development of obesity,
and recent data support this hypothesis [33]. In our study, a high
percentage of adolescents reported ready-to-eat food consumption (83.5%; Table 1), in agreement with the global shift toward
increased availability of this kind of food [34]. Nevertheless, and
similarly to what we observed for soft drinks, no relationship
was found between the intake of ready-to-eat foods and body
fatness in the adolescents evaluated.
Together with dietary habits, the practice of PA is another
key environmental factor inﬂuencing body fatness during adolescence [6,35]. In this direction, we have observed that total
body fatness (skinfolds) was lower in boys (but not in girls)
who reported participation in LTPA. Furthermore, certain dietary and PA patterns seem to be linked [36]. In the current
study, dietary habits had little inﬂuence on the practice of
LTPA; only in girls, a tendency toward less LTPA frequency was
associated to the consumption of ready-to-eat foods (Table 2).
Similarly, Corder et al [37] could not ﬁnd a direct correlation
between breakfast frequency and PA in girls, but reported that
both factors could probably build a cluster of healthy behaviors that are interacting. Nonetheless, it is worth noting that
signiﬁcant interactions between LTPA and dietary habits—in
particular, skipping breakfast—were found in relation to body
fatness markers. In the overall population tested, we did not
ﬁnd a signiﬁcant effect of breakfast consumption on body fat
markers. This outcome is in disagreement with other authors,
who have associated breakfast consumption with lower body
mass index [36]. However, in the current study when boys
were classiﬁed according to the practice of LTPA, skipping
breakfast was related to greater total (sum6) and abdominal
(WC) body fat, but only in those individuals who reported no
LTPA. Therefore, we suggest that the variation of body fatness
values associated with having breakfast was minimized when
boys practiced LTPA (Figure 1).
Sandercock et al have recently proposed that heterogeneous
ﬁndings regarding breakfast skippers indicate that the mechanisms by which eating breakfast is associated with lower body
mass index are unlikely to be purely of a dietary nature [38]. Our
data support this hypothesis, and present LTPA as an inﬂuencing
factor in that relationship. The reason this interaction was not
found in girls is still not clear. However, we would be tempted to
speculate that it is not so much due to the frequency or habit of
practicing PA, but due to the type of PA instead. For example,
although in this study we could not analyze the type of PA, a
recent study has reported that adolescent boys usually prefer
more vigorous activities than girls [39,40]. This fact is important
because vigorous PA seems to be associated with lower levels of
body fat in adolescents [40].
The current study has certain limitations. First, interpretation of our results is limited to association; due to its crosssectional design, causal directionality cannot be inferred. Second, all the measures of nutrition and PA shown in this article
are self-reported with the consequent subjectivity this may
entail.

Conclusion
In view of these results, the consumption of mid-morning
snack, afternoon snack, and eating more than four meals per day,
and having an adequate eating speed are important dietary habits associated with lower body fatness in Spanish adolescents.
Moreover, among boys with non-LTPA, those who skipped
breakfast showed the highest body fatness markers, indicating
that the beneﬁcial inﬂuence of daily breakfast on body fat might
be enhanced in adolescent boys with lower levels of LTPA. According to this outcome, we emphasize the need to take into
account the interactions between different dietary habits and PA
patterns, when the nutritional status is evaluated, and to elucidate and prevent the development of obesity in childhood and
adolescence.
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