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Abstract

(1) Background: Adolescence is a critical period for the development of health-related be-
haviors, including dietary habits and physical activity. This cross-sectional study exam-
ined the associations between participation in organized sports, nutrient intake, and body
composition in a sample of Greek adolescents. (2) Methods: A total of 224 adolescents
aged 12-18 years from schools in the Attica region, Greece, participated in the study. Phys-
ical activity and organized sports participation were assessed using a validated question-
naire. Body composition was estimated using bioelectrical impedance analysis, and die-
tary intake was evaluated using three-day self-reported food records analyzed with Cro-
nometer® nutrition analysis software. (3) Results: Boys had higher fat-free mass and basal
metabolic rate and lower fat-mass percentage than girls. Organized sports participation
was common and differed by sex, with boys reporting higher participation and greater
adherence to physical activity recommendations than girls. Organized sports participa-
tion was associated with differences in selected nutrient intakes, particularly among late
adolescents; however, several differences were attenuated when nutrient intake was
standardized per 1000 kcal, suggesting that part of the observed pattern may reflect dif-
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ferences in total energy intake. (4) Conclusions: These cross-sectional findings suggest that
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age-defined adolescent stage and organized sports participation are associated with dif-
ferences in sports involvement, body composition, and nutrient intake among Greek ad-
olescents; however, causal relationships cannot be established, and the findings should be

interpreted as associations.
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1. Introduction

Adolescence is the transition from childhood to adulthood and involves interrelated
biological, hormonal, cognitive, and psychosocial changes. This developmental period is
characterized by rapid growth, increasing autonomy, and the establishment of health be-
haviors that may persist into adulthood. The World Health Organization (WHO) defines
adolescence as the period from 10 to 19 years of age, while emerging adulthood may ex-
tend into the early twenties [1]. The Lancet Commission further conceptualizes adoles-
cence as a period with distinct sub-phases that reflect changes in physiology, cognition,
and social development [2,3].

Puberty is driven by hormonal changes that enable reproductive maturation and con-
tribute to broader physical and psychosocial development. These changes may also influ-
ence mood, peer sensitivity, and social awareness, making adolescence a key window for
interventions that support healthy development [1]. The activation of the hypothalamic-
pituitary—gonadal axis initiates the endocrine cascade of puberty. Gonadotropin-releasing
hormone stimulates pituitary secretion of luteinizing hormone and follicle-stimulating
hormone, which in turn act on the gonads to increase sex-steroid production, including
testosterone in boys and estrogens in girls [4].

The onset of puberty is accompanied by increased energy and nutrient requirements.
The energy values presented here should be interpreted as reference estimates rather than
fixed requirements, because adolescent energy needs vary according to age, sex, body
size, growth rate, and physical activity level. Reported reference values indicate energy
needs of approximately 2500 kcal/day for girls and 3000 kcal/day for boys [5]. These re-
quirements should be met primarily through nutrient-dense foods such as whole grains,
legumes, fruits, and vegetables, rather than foods high in saturated fat, added sugar, and
salt. Regular breakfast consumption, home-prepared meals, appropriate portion sizes, re-
duced screen time, and habitual physical activity are also central components of a healthy
adolescent lifestyle [6]. Nutrients are commonly classified as macronutrients and micro-
nutrients [7]. Carbohydrates, proteins, and lipids provide energy and structural substrates
for growth and tissue development [8], whereas vitamins and minerals are required in
smaller amounts but are essential for metabolic regulation and physiological integrity [9].
Inadequate intake of either macronutrients or micronutrients may compromise develop-
ment, particularly during periods of rapid growth [10,11]. During adolescence, adequate
macronutrient and micronutrient intake is essential for growth, body-composition devel-
opment, and physical activity. In the context of organized sports participation, nutrient-
dense dietary patterns may help adolescents meet higher energy and nutrient needs,
whereas diets rich in added sugars, saturated fat, and energy-dense foods may compro-
mise diet quality. Therefore, the present study focuses on dietary habits and nutrient in-
take in relation to organized sports participation rather than presenting nutritional rec-
ommendations in isolation.

Adolescent obesity prevention is closely linked to the rationale for examining orga-
nized sports participation, because structured sports settings may support regular physi-
cal activity and may coexist with healthier dietary behaviors. Examining body composi-
tion and nutrient intake among adolescents who participate in organized sports and those
who do not may therefore provide useful information for school-based and public-health
strategies.

Childhood and adolescent overweight remains a major concern in Europe. The WHO
has reported substantial increases in overweight and obesity among children and adoles-
cents over recent decades, and excess body weight during childhood frequently persists
into adolescence and adulthood [12-17]. Dietary patterns among adolescents often include
high intakes of energy-dense foods rich in saturated fat, sugar, and salt, together with low
consumption of vegetables, fruits, and unprocessed grains [18].
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Physical inactivity is a major risk factor for poor health and well-being [19-21]. Evi-
dence-based policies and interventions are therefore needed to promote physical activity
across the population, with particular emphasis on children and adolescents [22]. Seden-
tary behavior is defined as any waking behavior with an energy expenditure of <1.5 met-
abolic equivalents while sitting, reclining, or lying down [23]. Common sedentary behav-
iors include television viewing, smartphone and tablet use, video gaming, computer use,
reading or studying while seated, and passive transport.

The WHO Global Action Plan on Physical Activity 2018-2030 established a global
target to reduce physical inactivity by 15% by 2030 [24]. In Greece, data from the National
Action Plan for Children’s Health (EYZHN) showed that, in 2015, the prevalence of over-
weight and obesity was 22.2% and 9.0% among boys and 21.6% and 7.5% among girls,
respectively [25]. These conditions have been associated with dietary habits, low adher-
ence to the Mediterranean diet, insufficient sleep, sedentary behavior, and low physical
activity. Abdominal obesity is also prevalent among Greek children. Hassapidou et al.
reported that approximately one quarter of 7-year-old children had abdominal obesity,
placing Greece among countries with high childhood abdominal-obesity prevalence [26].

Nevertheless, childhood and adolescent obesity remain important public-health con-
cerns in Greece and across Europe. More recent WHO COSI sixth-round data from 2022
to 2024 indicate that overweight and obesity remain prevalent among school-aged chil-
dren in the WHO European Region, with southern European countries, including Greece,
continuing to show a high burden [27]. Because these recent COSI data mainly concern
children aged 7-9 years rather than adolescents, they are used here only as contextual
evidence and are not overgeneralized to the present adolescent sample. Health-related
physical fitness in youth refers to the capacity to engage in physical activity and includes
physiological characteristics linked to lower chronic-disease and premature-mortality risk
[28]. Its main components include cardiorespiratory fitness, musculoskeletal fitness, flex-
ibility, speed, agility, balance, and other aspects of motor competence.

A growing body of evidence shows that health-related physical fitness, particularly
cardiorespiratory fitness and muscular strength, is associated with favorable physical,
emotional, mental, and social health outcomes in young people [29-31]. Higher physical
activity has also been associated with better health-related quality of life, whereas seden-
tary behavior has been associated with poorer outcomes [32]. Exercise is an effective strat-
egy for supporting a healthy lipid profile during adolescence. Regular physical activity
can help reduce low-density lipoprotein cholesterol, triglycerides, and the total choles-
terol-to-HDL cholesterol ratio in children and adolescents [33-37].

Regular physical activity also supports broader aspects of health and quality of life.
Children and adolescents who participate consistently in physical activity tend to show
better physical, psychological, and mental-health outcomes [38,39]. Despite these benefits,
the WHO reports that approximately 80% of adolescents worldwide do not meet recom-
mended physical activity levels, defined as at least 60 min per day of moderate-to-vigor-
ous-intensity physical activity for school-aged children and adolescents [40-42].

Although previous studies have examined physical activity, obesity, and dietary hab-
its in adolescents, limited evidence is available regarding how organized sports participa-
tion is associated with both detailed nutrient intake and body-composition characteristics
among Greek adolescents. In addition, few studies have explored whether these associa-
tions differ by sex and age-defined adolescent stage. The present study was designed to
address this gap by examining the associations between organized sports participation,
adherence to physical activity recommendations, dietary intake, and body composition in
a sample of Greek adolescents. Specifically, the study compared adolescents who partici-
pated in organized sports with those who did not. Because pubertal development was not
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directly assessed, chronological age groups are referred to as age-defined adolescent
stages rather than pubertal stages.

2. Materials and Methods
2.1. Study Design

This cross-sectional study examined dietary habits and body composition in adoles-
cents, with a specific focus on regular participation in organized sports. Because of the
observational design, the study evaluated associations only and was not designed to infer
causal effects. The study protocol was approved by the Bioethics Committee of the Uni-
versity of West Attica (reference number: 112168/14-12-2021).

2.2. Study Procedure

After obtaining the required permissions from the Ministry of Education (reference
number: 1117/22-02-2022), the research team contacted 20 school principals to present the
study objectives and request school participation. To obtain a geographically diverse sam-
ple from the Attica basin, schools from northern, southern, eastern, and western areas of
Attica were approached.

Of the 20 schools contacted, 14 schools (13 public and 1 private) agreed to participate.
The research team was permitted to present the study briefly (approximately 5-7 min) to
classes without disrupting the educational program. In total, 500 students received study
information and parental consent forms, which they were asked to return within two
weeks.

Students who returned both signed parental consent and personal assent forms com-
pleted the study questionnaires and underwent body-composition assessment during
school hours. The recruitment and participation process is summarized in Figure 1. Data
collection was conducted from March 2022 to the end of 2023. Of the 500 students who
initially received study information and consent forms, 224 were included in the final
analysis; no data were available from non-participants to compare them with the final
study sample. Because participation depended on the return of signed parental consent
and adolescent assent forms, selection bias cannot be excluded. Adolescents or families
with greater interest in health, nutrition, or sports may have been more likely to partici-
pate. No information was collected from students who did not participate; therefore, par-
ticipants could not be compared with non-participants.

2.3. Study Participants

A total of 224 adolescents provided parental consent and personal assent and were
included in the study. Eligibility criteria were age 12-18 years, sufficient knowledge of the
Greek language, and submission of a valid pediatric health certificate. Exclusion criteria
included chronic disease, current pharmacological treatment, and recent COVID-19 or
other viral infection. For this criterion, recent infection was defined as COVID-19 or an-
other acute viral infection during the previous four weeks.
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Figure 1. Flowchart describing the selection and participation of the study participants.

2.4. Variables and Instruments
2.4.1. Organized Sports Participation and Physical Activity Assessment

Physical activity and daily exercise engagement were assessed using a validated
physical activity questionnaire that evaluated daily routines and participation in orga-
nized sports, including team sports and gym-based activities [43]. The questionnaires
used in the study are provided in Supplementary Materials Tables S1 and S2. Based on
their responses, participants were classified into four groups: (1) team sports; (2) in-
door/gym-based individual activities; (3) both team and gym-based activities; and (4) no
organized exercise. Organized exercise was defined as weekly training conducted by cer-
tified trainers in sports clubs outside school physical education. The team-sports group
included adolescents participating in structured weekly training in sports such as soccer,
basketball, or volleyball. The gym-based group included indFividual activities such as
gymnastics, martial arts, or weightlifting. The combined group included adolescents who
participated in both team and gym-based activities. Because physical activity was as-
sessed using a self-reported questionnaire, responses may be affected by recall bias and
social desirability bias, potentially leading to overestimation of physical activity levels.
Participants were asked to report participation in structured weekly training outside
school physical education; however, exact training frequency, duration, weekly training
volume, and competitive level were not systematically quantified in the present study.

The questionnaire was administered using standardized instructions. It was selected
because previous validation work has supported its use for assessing physical activity
patterns in adolescents [43]. Because the present analysis used categorical participation
variables rather than a single psychometric scale score, internal-consistency coefficients
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were not the primary reliability indicator; instead, the relevant validation evidence and
standardized administration procedures were reported. The questionnaire was used as a
validated instrument for classifying adolescent physical-activity patterns and organized
sports participation. Because the variables derived for the present analyses were categor-
ical grouping variables rather than a single summed psychometric scale, Cronbach’s alpha
was not calculated for the present dataset; reliability was supported by use of the previ-
ously validated instrument, standardized administration, and the same classification pro-
cedure for all participants.

2.4.2. Dietary Intake Assessment
Food Diary (Food Record)

Food records are prospective dietary assessment tools used to document all foods
and beverages consumed over a defined period, typically 3-7 days. Participants are in-
structed to record intake in real time or shortly after consumption, thereby reducing recall
bias [44]. In the present study, participants completed detailed food records for two non-
consecutive weekdays and one non-consecutive weekend day. Dietary intake was calcu-
lated as the average of the three recorded days. Although three-day food records are a
recognized prospective dietary assessment method, they may not fully capture habitual
dietary intake. This limitation is particularly relevant for micronutrients, which can ex-
hibit substantial day-to-day variability. In addition, seasonal variation in food availability
and consumption may have influenced reported intake, particularly for fruit, vegetable,
and micronutrient consumption.

Food records and anthropometric/body-composition measures are not psychometric
scales and therefore are not evaluated using internal-consistency coefficients in the same
way as questionnaire scales. Reliability was supported by standardized recording instruc-
tions, use of the same dietary-analysis procedure for all participants, and standardized
anthropometric measurement procedures.

The food-record questionnaire captured detailed information on foods and bever-
ages consumed, including quantity, cooking method, brand name when applicable, place
of consumption, concurrent activities, and dining companions. All dietary records were
entered into Cronometer® nutrition analysis software version 4.46, which provides de-
tailed macro- and micronutrient composition data. Nutrient values were derived from the
USDA National Nutrient Database for Standard Reference and from nutrient values in-
corporated into the Cronometer® platform. When traditional Greek foods, mixed dishes,
or local recipes were not directly available in the database, the closest matching food item
was selected, or recipes were entered manually based on the reported ingredients and
preparation methods. This procedure was applied consistently, although possible inaccu-
racies in the nutrient composition of local homemade foods cannot be excluded.

Final dietary data were exported to Excel spreadsheets, and nutrient analyses were
conducted for each participant using the mean intake across the three recorded days.

2.4.3. Anthropometric and Body-Composition Assessment

Standing height was measured without shoes to the nearest 0.1 cm using a portable
stadiometer (Seca 213, Seca, Hamburg, Germany). Body weight and body composition
were assessed using a portable bioelectrical impedance analysis device (InBody H20B
Body Fat Analyzer, Seoul, Republic of Korea). Bioelectrical impedance analysis was se-
lected because it is a practical, non-invasive, portable, and feasible method for body-com-
position assessment in school-based adolescent research, where reference methods such
as dual-energy X-ray absorptiometry (DXA) are often not logistically feasible. The body-
composition variables extracted for the present analysis were fat-free mass (FFM), fat-
mass percentage (FM%), and basal metabolic rate (BMR). InBody results were checked
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and managed through the my InBody web platform (http://myin-
body.com/qrintro.htm?CID=G52017237; accessed on 12 March 2024). Body mass index
(BMI) was calculated as body weight in kilograms divided by height in meters squared
(kg/m?). When required for descriptive classification, BMI-for-age percentiles were inter-
preted according to the WHO growth-reference cut-offs for children and adolescents aged
5-19 years: underweight (<5th percentile), normal weight (5th to <85th percentile), over-
weight (85th to <95th percentile), and obesity (295th percentile) [18].

All anthropometric and BIA measurements were conducted according to the same
standardized protocol in the school setting, using the same equipment and procedures for
all participants. Participants were measured during school hours under standardized field
conditions, using the same device and protocol. They were instructed to avoid intense
exercise and large meals before assessment; however, hydration status was not directly
measured, and residual variability related to hydration or recent food/fluid intake cannot
be excluded.

2.5. Statistical Analysis

Statistical analysis was performed for the total study population and for predefined
subgroups according to sex, age-defined adolescent stage, and level of sports engagement.
Participants were classified as early adolescents aged 12-15 years and late adolescents
aged 16-18 years. This classification was based solely on chronological age and should not
be interpreted as a direct assessment of pubertal development or biological maturation.
Sports engagement was examined both as a binary variable, comparing adolescents par-
ticipating in any organized exercise with those reporting no organized exercise, and as a
categorical variable according to type of activity: team sports, indoor/gym-based activi-
ties, combined team and gym-based activities, or no organized exercise. Adherence to
physical activity recommendations was also evaluated according to whether participants
reported at least 60 min per day of moderate-to-vigorous-intensity physical activity.

Continuous variables were assessed for normality using the Kolmogorov-Smirnov
test. Because most anthropometric, body-composition, and dietary variables were not nor-
mally distributed, results are presented as medians and interquartile ranges. Categorical
variables are presented as absolute frequencies and percentages.

Comparisons between two independent groups, such as boys versus girls or adoles-
cents with versus without organized exercise, were performed using the Mann-Whitney
U test. Comparisons across more than two exercise groups were conducted using the
Kruskal-Wallis test. When statistically significant differences were detected in multi-
group comparisons, Dunn’s post hoc test was applied for pairwise comparisons. Differ-
ences in categorical variables, including sex distribution, exercise participation, and ad-
herence to physical activity recommendations, were evaluated using the chi-square test.

No formal correction for multiple testing was applied; therefore, the dietary analyses
should be interpreted as exploratory, and the possibility of type I error cannot be ex-
cluded.

Dietary intake was analyzed both as absolute daily intake and as nutrient intake
standardized per 1000 kcal, in order to account for differences in total energy intake be-
tween participants. All statistical tests were two-tailed, and statistical significance was set
at p < 0.05. Analyses were performed using IBM SPSS Statistics version 25.0. Expressing
nutrient intake per 1000 kcal allowed comparison of nutrient density and helped distin-
guish whether observed differences reflected higher total food intake or differences in di-
etary composition. Accordingly, these p-values were treated as nominal indicators of pos-
sible associations and were interpreted cautiously in relation to the overall pattern of find-
ings.
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3. Results

3.1. Population Characteristics

This cross-sectional study included 224 adolescents aged 12-18 years from public and
private schools in the Attica region; 95 participants (42.4%) were girls. Most participants
were enrolled in the three grades of Lyceum. There were no statistically significant differ-
ences between boys and girls in school-grade distribution. The median age was 16.0 years
(interquartile range: 14.0-16.0), and most participants reported Greek nationality.

Table 1a,b present anthropometric and body-composition characteristics by sex, total
population and age-defined adolescent stage. To improve readability, anthropometric
variables and body-composition variables are now presented separately.

Table 1. (a) Anthropometric variables by sex and age-defined adolescent stage. (b) Body-composi-

tion variables by sex and age-defined adolescent stage.

(a)
1 =
Variables Total Population (1 = 224) Early Adost;:,cence (o Late Adolescence (1 =167)
All Boys Girls All Boys Girls All Boys Girls
n=224) n=129) (n=95) (n=57) (n=32) n=25) (m=167) (m=97) (n=70)
13.0 13.0 16.0 16.0
16.0 16.0 16.0 13.0 16.0
Age (Years) 14, 16.0) (145-16.0) (14.0-16.0) (12.0-14.0) (12'2;14‘0) (12'0;4‘0) (15.0-16.0) (15'0"#16'00) (15‘0;7‘0)
1.69 1.76 1.62 163 1.72 1.61 1.76 1.63
Height (m) (L61-176) (1.70- 180) (1.58— 166) (156-175) (1. 59#1 79) (1.57- 162) a oL 17 (1. 72#1 .80) (1.59:1.67)
66.6 53.6 56.8 50.8 68.0 54.4
Weight 60.5 54.0 63.7
5-73.1) (49.9-59.4 49.7-65.3) (45.4-57. 1.8-7 1.
(kg) (52.7-68.5) (58 5* 3.1) ( 99*59 ) (47.9-62.7) (49 #65 3) (45 $5 9) (54.3-70.6) 6 8#53) © 0*$6O .6)
19.5 214 20.7
BMI 20.8 21.1 20.6 19.6 20.0 21.2
17.6-20.4 20.2-23.9) (19.4-22.7
(kg/m?)  (19.3-22.9) (19.4-23.2) (19.2-22.5) (17.7-20.9) ( ] 04) (17.8-22.2) (19.8-23.2) (20. i ) ( . )
(b)
Variables Total Population (n = 224) Early AdoEl,;:cence i Late Adolescence (1 =167)
All Boys Girls All Boys Girls All Boys Girls
n=224) @n=129) (n=95) (n=57) (n=32) n=25) (m=167) (m=97) (n=70)
267 32.1 22.0 24.0 26.5 22.0 8.9 32.6 22.1
FFM (k 27. 1) (20.1- 2 21.5-32.5) (20.0-24. 2 20.3-2
(kg) (220328)( 835 ) (20.1-23.9) (203287)( 5#3 5)(00 0) (223334)(99#360)(03*39)
FM (%) 180 (10114 19,8 2) (19?34218 6) 165 7 38—257 3) (16%12—‘;6 9) 18.2 (11 164 168 2) (20 715—;.)9 6)
? (12.3-24.7) (8.3-252) “ ., ' 77 (13.1-24.4) ' '
# * *# *
BMR 1419.0 1599.0 1249.0 1312.0 1405.0 1248.0 1501.0 1622.0 1250.0
1249.0- 1451.5- 1179.5- 1182.5- 1223.0- 1175.0- 1257.5- 1524.2— 1183.0-
(keal/day) (1249.0 (1451.5 (1179.5 (1182.5 (1223.0 (1175.0 (1257.5 (15 (1183.0

1628.0) 1720.5)* 1314.5)* 1487.5)  1621.7)*# 1313.0) * 1645.2)  1741.2)*# 1319.2)*
Results are presented as medians (25th-75th Percentile). Symbol definitions: * p < 0.05 for between-

gender comparisons within the same adolescent stage. # p < 0.05 for comparisons between early
adolescent boys and late adolescent boys. $ p < 0.05 for comparisons between early adolescent girls
and late adolescent girls. BMI: Body mass index. FFM: Fat-free mass. FM (%): Percent of fat mass.
BMR: Basal metabolic rate.

https://doi.org/10.3390/adolescents6040052


https://doi.org/10.3390/adolescents6040052

Adolescents 2026, 6, 52

9 of 26

In the total sample, boys were taller, heavier, and had higher fat-free mass (FFM) and
basal metabolic rate (BMR) than girls, whereas girls had higher fat-mass percentage.

When boys and girls were compared within the same adolescent stage, early-adoles-
cent boys were taller and had higher FFM and BMR than early-adolescent girls, whereas
early-adolescent girls had higher fat-mass percentage. In late adolescence, boys had
higher height, weight, BMI, FFM, and BMR than girls, while girls had higher fat-mass
percentage.

Differences were also observed between early and late adolescence within each sex.
Early-adolescent boys had lower age, height, weight, BMI, FFM, fat-mass percentage, and
BMR than late-adolescent boys. Among girls, late adolescents had higher age and body
weight than early adolescents. The lower fat-mass percentage observed among early-ad-
olescent boys compared with late-adolescent boys was unexpected and should be inter-
preted cautiously. This pattern may reflect heterogeneity in chronological age, biological
maturation, body size, sports participation, or sample-specific variation, particularly be-
cause pubertal status was not directly assessed.

3.2. Organized Sports Participation

A substantial proportion of participants (79.1%) reported participation in organized
physical activity, including team sports, gym-based individual activities, or both (Table
2). Sex differences were evident: 33.7% of girls reported no organized exercise compared
with 11.6% of boys (p < 0.001). The high prevalence of organized sports participation
should be interpreted cautiously. It may partly reflect regional characteristics of the Attica
schools included in the study, school-level factors, and potential selection bias, because
adolescents with greater interest in health, nutrition, or sports may have been more likely
to participate.

Table 2. Participation by gender in different types of exercise in early and late adolescents (11(%)).

Exercise All Participants (n = 224) Early Adolescence (1 = 57) Late Adolescence (1 =167)
Type of Exercise All Boys Girls All Boys Girls All Boys Girls
n=224) n=129) n=95) n=57) (n=32) n=25) @m=167) (n=97) (n=70)
No Exercise (2450) (111.2) » (333;) » (5%3) (3.11) * (8.02) 'S (2?3) 14 (144)7% 30 (4129)7
Team Sports ( 3?3) “ ; Z) ‘o j;) . (5?;(? 6 21656 63) " (2‘;?3) 35 (36.1) *# 14 (20.0)*$
Indoor Gym Sports (373?5) (3342) + (333;) * (21;.16) (15.2) * (36.?)) 'S (36;5) 38(39.2)7# 23 (32.9)"8
Team and Gym (1%)%3) (111.2) + (82) + (117(.)5) (15.2) * (20.?)) 'S (71.?;3) 10(103)% (4.??) *$
MVPA > 60 min/day (;67_2) ( 817_163) . 6; ?) . 859?5) 30 (93.8) *# 21 (84.0)*$ (7122.15) 83 (85.6) *# 38 (54.3) *$
MVPA< 60 min/day (22%2) (121.2) * (3;.2) * (1(?.5) (6.32) * (16.?)) *$ (24;5) 14 (14.4) %% 32(457)

Results are presented as 1 (%). Symbol definitions: * p < 0.05 for between-gender comparisons. # p <
0.05 for comparisons between early adolescent boys and late adolescent boys. $ p < 0.05 for compar-
isons between early adolescent girls and late adolescent girls. MVPA: Moderate-to-vigorous-inten-

sity physical activity.

Among all participants, 35.3% participated in team sports, 33.5% in gym-based indi-
vidual activities, and 10.3% in both team and gym-based activities. Boys more frequently
reported team-sport participation, whereas girls more frequently reported gym-based in-
dividual activities.
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The most common team sports among boys were basketball and soccer. Among girls,
the most common activities were track and field and volleyball. For gym-based individual
activities, boys most often reported weightlifting, aerobic and martial arts, whereas girls
most often reported martial arts, dance and gymnastics.

Regarding adherence to WHO physical activity recommendations, 76.8% of the total
sample reported at least 60 min per day of moderate-to-vigorous-intensity physical activ-
ity (MVPA). A higher proportion of boys met this recommendation (87.6%) compared
with girls (62.1%). This relatively high proportion should be interpreted cautiously, given
the self-reported nature of the physical activity assessment and the possibility of recall
and social desirability bias. This proportion is higher than that reported in many interna-
tional studies. Therefore, it should not be interpreted as an objectively measured preva-
lence estimate because physical activity was self-reported and may have been overesti-
mated due to recall and social desirability bias.

It should be noted that the subgroup of early adolescents without organized exercise
participation was extremely small (n = 3 in total; one boy and two girls). Therefore, subse-
quent subgroup analyses involving this group should be interpreted descriptively and
with extreme caution, and no strong inferential conclusions should be drawn from these
cells. For this reason, statistical comparisons involving early-adolescent non-participants
in organized exercise were not emphasized as definitive inferential findings. The main
interpretation of dietary associations focuses on the more adequately represented late-
adolescent subgroups.

3.3. Dietary Habit Variables According to Participation in Sport Activities

To improve readability, the presentation of dietary results was focused on the most
clinically and nutritionally relevant patterns rather than on an exhaustive interpretation
of every nutrient-specific comparison. The main text therefore emphasizes energy intake,
protein, fiber, fat quality, and selected micronutrients relevant to adolescent growth and
sports participation, whereas detailed nutrient-level values are retained in the Tables for
transparency and may be transferred to Supplementary Material according to journal for-
matting requirements.

Table 3a,b compare dietary intake between active and inactive adolescents by sex and
age-defined adolescent stage; detailed vitamin and mineral variables are provided in Sup-
plementary Tables S3 and S4. Among late-adolescent boys, participation in organized ex-
ercise was associated with higher total energy intake and higher intake of protein, mono-
unsaturated fatty acids (MUFA), polyunsaturated fatty acids (PUFA), omega-6 fatty acids,
pantothenic acid (vitamin B5), pyridoxine (vitamin B6), vitamins C, E, and K, total fat,
cholesterol, and zinc compared with no organized exercise. Among late-adolescent girls,
participation in organized exercise was associated with higher intake of fiber, starch, thi-
amine (vitamin B1), riboflavin (vitamin B2), pyridoxine (vitamin B6), vitamin D, copper,
magnesium, and manganese. Because several nutrient comparisons were performed
across sex, age-defined adolescent stage, and activity categories, the nutrient-specific re-
sults should be interpreted cautiously as exploratory findings rather than confirmatory
evidence. Because of the very small number of early adolescents without organized exer-
cise participation, the interpretation of dietary associations focuses primarily on the more
adequately represented late-adolescent subgroups. Accordingly, nutrients showing iso-
lated statistically significant differences without clear biological or clinical relevance were
not overemphasized in the narrative interpretation. The main interpretation focuses on
consistent dietary patterns and on nutrients of established relevance during adolescence,
including protein, fiber, vitamin D, calcium, magnesium, iron, and zinc.
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Table 3. (a) Energy and macronutrient variables compared to organized sports participation in early
and late adolescents by gender. (b) Carbohydrate subtypes and lipid-related variables compared to

organized sports participation in early and late adolescents by gender.

(a)
Early Adolescents (1 =57) Late Adolescents (n =167)
Boys (n = 32) Girls (n = 25) Boys (n=97) Girls (n =70)
Eatin No Any No Any No Any No Any
Haabitgs Exercise = Exercise = Exercise  Exercise Exercise = Exercise (1= Exercise Exercise
(n=1) (n=31) (n=2) (n=23) (n=14) 83) (n=30) (n = 40)
Ener 1859 1628.04 1834.35 2193.4 1655.62 1776.22
(ch)y 2047.24 (1674.3-2184) 1897.05  (1373.18- (1586.42- (1763.5- (1373.39- (1596.72—
] 1730.63) 2220.9) * 2542.36) * 1861.02) 2006.6)
216.3 220.3
CHO 164.48 2154 166.44 202.89
242.76 (185.72— 233.71 (169.74—
(gr) 234.93) (145.73-187.82) (168.59-238.65) 262.36) (139.05-202.45) (156.94-226.2)
77.87 66.13 77.68 94.02 74.75 73.86
F . 73.
at(gr)  83.63 (64.74-90) 399 (52.43-78.77) (63.14-95.11) * (74.8-117.3) * (62.01-85.17) (68.95-86.51)
101.69
Protein 80.1 65.57 77 69.69 76.24
80.88 74.06 78.15-131.38
(gr) (69.88-101.15) (54.72-89.91) (62.88-90.57) * ( ) (56.29-79.42)  (65.28-91.1)
& *
CHO 0.47 0.46 0.49 0.44 043 0.41 0.42 0.44
(%) ] (0.42-0.48) ] (0.38-0.47) (0.39-0.52)  (0.36-0.46)  (0.37-0.46) (0.39-0.48)
0.37 0.36 0.36 0.39 0.4 0.38
Fat (% . .
at (%) 036 (0.33-0.39) 035 (0.3-0.4) (0.32-0.43)  (0.35-0.43)  (0.36-0.44) (0.35-0.4)
Protein 0.15 0.17 015 0.17 0.16 0.18 0.15 0.17
(%) ] (0.15-0.18) ] (0.14-0.2) (0.14-0.2) (0.15-0.22)  (0.13-0.19) (0.14-0.19)
(b)
Early Adolescents (1 =57) Late Adolescents (n =167)
Boys (n = 32) Girls (n = 25) Boys (n=97) Girls (n =70)
Eatin No Any No Any No Any No Any
Habiti Exercise = Exercise = Exercise  Exercise Exercise = Exercise (1= Exercise Exercise
(n=1) (n=31) (n=2) (n = 23) (n=14) 83) (n=30) (n=40)
Starch 5080 91.1 9,69 70.57 87.92 88.39 64.65 82.55
(gr) ' (71.86-118) ] (38.43-81.97) (57.85-97.9) (61.87-114.69) (50.65-82.54) # (63.1-103.9) #
Fiber 2195 17.66 21.36 16.64 23.33 17.8 14.16 18.77
(gr) ' (13.18-24.02) ' (13.08-21.74) (11.76-28.4) (13.4-25.6) (10.71-19.42) # (13.34-23.02) #
Sugars 78.03 54.2 68.13 51.56 57.63 61.5 44.45 60.85
(g1) ' (41.8-80.18) ] (47.3-73.44)  (34.85-60.6)  (43.7-83.3) (35.15-62.65) (36.27-71.57)
Simple 194.29 195.9
146.32 188.48 151.03 178.81
sugars 217.98 (168.03— 210.76 (153.27-
135.14-175.44) (157.29-207.7 130.91-184.29) (144.25-208.42
(a1) 219.45) (135 5.44)(157.29-207.73) 243.68) (130.91-184.29) ( 5-208.42)
217.95 358.57
Chol 261.62 216.29 192.95 209.11
280.7 75.7 168.09-332.6) (235.4-462.74
(mg) 8079 (110.3-392.04) 573 (119.34-366.15) (168 09* 332.6) (235 . 62.74) (150.8-242.71) (147.87-292.27)
MUFA 31.04 23.97(18.38- 17 44 23.14(15.46—  25.47(17.73— 33.37(27.6— 27.25(19.97-  27.96(23.5-
(gr) ' 32.7) ] 27.14) 39.05) * 40.45) * 33.94) 34.55)
PUFA 15.37 11.86 1137 9.91 11.45 12.86 9.82 12.25
(gr) ' (8.2-14.8) ' (745-13.16) (9.11-13.12) * (10.6-18.5)* (7.96-13.32) (8.97-16.58)
Sjjit;y 270 27.4 515 2073 28.75 31.2 22.86 226
(&) ' (19.56-31.46) ’ (14.76-25.06) (21.41-32.75) (24.21-37.17) (18.07-30.09) (17.88-28.78)
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Trans

7
Fats (gr) 0.51 0

147 0.54 0.65 0.8 0.82 0.66

(0.41-1.4) (0.39-0.69)  (0.49-0.9) (0.5-1.4) (0.4-1.25) (0.4-0.9)

Omega 199 1.16

0.97 0.88 1.1 1.2 0.95 1.1

3 (gr) (0.8-2.24) ' 0.6-1.23)  (0.67-155)  (0.86-22)  (0.72-1.53)  (0.74-1.85)

Omega 13 9.55

716 6.7 8.5 9.96 8.04 9.27

6 (gr) (6.15-12.5) (5.46-1059) (5.95-9.81)* (7.58-14.3)* (6.19-10.84) (6.96-12.92)

Results are presented as medians (25th-75th Percentile). Symbol definitions: * p < 0.05 for compari-
sons between no organized sports participation and any organized sports participation among late-
adolescent boys and # p < 0.05 for the corresponding comparisons among late-adolescent girls. Re-
sults are presented as medians (25th-75th Percentile). Symbol Definitions: *p <0.05 for between late
adolescent boys of MVPA > 60 min/day and MVPA < 60 min/day. # p < 0.05 for the corresponding
comparisons among late-adolescent girls. MVPA: Moderate-to-vigorous-intensity physical activity.

Table 4a,b present dietary intake according to adherence to WHO physical activity
recommendations; detailed vitamin and mineral variables are provided in Supplementary
Tables S5 and S6. Among late-adolescent boys, those achieving MVPA > 60 min/day had
higher protein, cholesterol, manganese, and zinc intake than those reporting MVPA < 60
min/day. Among late-adolescent girls, those achieving MVPA > 60 min/day had higher
intake of total energy, carbohydrates, fiber, starch, simple sugars, protein, thiamine, ribo-
flavin, niacin, pantothenic acid, pyridoxine, cobalamin, vitamin D, folate, copper, magne-
sium, and manganese than those reporting MVPA < 60 min/day. The larger number of
significant differences among physically active girls may partly reflect higher total food
intake rather than uniformly healthier dietary quality. Therefore, absolute intake results
were interpreted together with nutrient-density analyses standardized per 1000 kcal.

Table 4. (a) Energy and macronutrient variables according to WHO physical activity recommenda-
tions in early and late adolescents by gender. (b) Carbohydrate subtypes and lipid-related variables

according to WHO physical activity recommendations in early and late adolescents by gender.

(a)

Early Adolescents (1 =57) Late Adolescents (1 = 167)

Boys (n = 32)

Girls (n = 25) Boys (n=97) Girls (n =70)

MVPA <60 MVPA =

60 MVPA<60 MVPA=260 MVPA<60 MVPA=60 MVPA<60 MVPA=60

I]rzlaatgli‘tgs min/day min/day min/day min/day  min/day (# = min/day (n = min/day (n = min/day (n =
n=2) (n = 30) (n=4) (n=21) 14) 83) 32) 38)
Energy 1871.73 1662.57 1628.17 2072.69 2184.2 1593.14 1794.65
(Kcal) 2096.04 (1664.64— (1341.97- (1410.87— (1679.27—- (1715.4- (1313.45- (1633.09-
2155.3) 1954.18) 1738.17) 2236.95) 2542.36) 1805.48) # 2027.37) #
CHO 217.34 183.66 164.48 2154 220.3 165.08 204.09
236.09 (185.72— (147.69— (151.31- (141.25- (17652  (129.05- (165.78—
(&0) 236.89) 249.56) 196.12) 260.47) 262.36) 196.29) # 229.02) #
Fat 96.01 77.83 69.65 66.13 90.1 (781%%_ 73.37 76.16
(gr) (63.18-88.29) (57.93-75.72) (52.33-78.83) (75.73-107.15) [’ - ) (60.86-83.55) (69.35-87.26)
Pro- 101.69 76.24
. 81.39 67.49 66.96 80.67 69.69
Eeglg 7TL88  (60.07-101.42) (57.43-76.38) (53.17-91.44) (68.68-99.57) *(76'9_129'24) (50.06-79.9) # (65‘47;89'96)
CHO 043 0.46 0.44 0.45 0.42 0.41 0.42 0.44
(%) ‘ (0.43-0.48)  (0.43-05)  (0.37-0.48)  (0.31-0.48) (0.37-0.46) (0.37-0.46)  (0.39-0.48)
Fat (%) 042 0.36 0.38 0.36 0.4 0.38 04 0.38
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(0.33-0.39)  (0.33-0.39)  (0.3-0.39)  (0.34-0.5) (0.34-0.42) (0.37-0.44)  (0.34-0.4)

1:;; 013 0.17 0.16 0.17 0.16 0.18 0.15 0.16
) ' (0.16-0.18)  (0.15-0.17)  (0.14-0.2)  (0.14-0.21) (0.15-0.22) (0.13-0.19)  (0.14-0.19)
(b)
Early Adolescents (1 = 57) Late Adolescents (1 = 167)
Boys (n = 32) Girls (n = 25) Boys (n=97) Girls (n =70)
Eatin MVPA <60 MVPA=260 MVPA<60 MVPA=260 MVPA<60 MVPA =260 MVPA<60 MVPA =60
Habitgs min/day min/day min/day min/day  min/day (n = min/day (n = min/day (n = min/day (n =
(n=2) (n=30) (n=4) (n=21) 14) 83) 32) 38)
914 63.48 82.55
Starch( 89.31 65.81 72.89 74.57
101.44 67.07- 46.15-82.64) (67.35-105.98
gr) (71.53-114.28) (40.62-96.82) (39.51-82.2) (48.6-96.37) ( ) ( )
114.69) # #
12.88 20.4
Fiber 17.49 20.21 16.28 20.89 18.2
(gr) 1991 (12.97-24.26) (18.14-22.83) (12.14-22.05) (11.76-28.01) (13.4-26.4) (10'17;18'92) (15'11;23'12)
Sugars 60.99 54.4 68.13 51.56 50.78 61.5 48.81 59.7
(1) ' (43.38-78.57) (52.38-69.02) (47.9-74.03) (33.9-61.15) (44.2-83.3) (35.97-62.75) (33.09-71.85)
Simple 194.5 161.38 147.27 188.48 195.9 147.13 180.01
sugars  215.85 (168.03— (126.85— (13558~ o) 0210 py (S579- (11973 (145.85-
(gr) 218.34) 227.92) 180.31) ' ' 243.68) 183.96) # 210.25) #
270. 217. 232. 42 197.71 209.11
Chol 0.38 135.98 55 32.0 350 9 09
g 227 (109.13- 0 0 ispery (11788 (166.13—  (235.4-459.5)  (144.42- (154.62—
& 399.45) : : 376.69) 368.64) * * 239.35) 292.81)
MUFA 21.64 24.67 25.68 22.42 34.09 31.51 27.25 27.96
(gr) ' (18.86-32.85) (8.05-30.96) (14.23-26.54) (21.57-40.2) (25.85-40.24) (20.04-33.5) (23.63-35.6)
PUFA 20.48 11.86 12.47 8.63 13.7 12.6 9.52 12.36
(gr) ‘ (8.08-14.81) (10.83-12.99) (7.29-12.92) (11.11-17.04) (9.85-182) (8.06-13.65) (9.2-15.31)
Sjait;y - 27.06 17.11 21.48 30.01 29.83 21.28 23.4
(;) (19.3-29.65) (4.32-23.96) (14.91-25.82) (24.34-34.5) (23.9-37.17) (18.02-30.27) (17.96-29.16)
Tlf:tr: L8 0.65 0.59 0.57 0.6 0.79 0.68 0.67
) ' (0.38-1.13)  (0.3-1.88)  (0.42-0.74)  (0.49-125)  (0.5-1.4)  (0.4-1.21) (0.4-1)
Omega 15 1.13 0.99 0.8 1.43 1.1 0.95 1.1
3 (gr) ‘ (0.79-2.06)  (0.85-1.28)  (0.59-122)  (0.45-1.86) (0.84-2.06) (0.73-1.58)  (0.72-1.65)
Omega 1774 9.24 10.12 6.63 9.13 9.61 7.83 9.27
6 (gr) ‘ (5.96-12.25) (4.92-10.88) (5.24-10.63) (5.92-11.67) (7.56-13.18) (6.16-11.86) (7.26-12.2)

Results are presented as medians (25th -75th Percentile). Symbol Definitions: * p < 0.05 for between
late adolescent boys of MVPA > 60 min/day and MVPA < 60 min/day. # p <0.05 for the correspond-
ing comparisons among late-adolescent girls. MVPA: Moderate-to-vigorous-intensity physical ac-
tivity. Results are presented as medians (25th-75th Percentile). Symbol Definitions: * p < 0.05 for
between late adolescent boys of MVPA > 60 min/day and MVPA < 60 min/day. # p < 0.05 for the
corresponding comparisons among late-adolescent girls. MVPA: Moderate-to-vigorous-intensity

physical activity.

In Table 5a,b, nutrient intake expressed per 1000 kcal is compared between early and
late adolescence among students with no exercise participation and those with any level
of exercise participation; detailed vitamin and mineral variables are provided in Supple-
mentary Tables 57 and S8. The analysis is presented for the total sample and separately
by gender. This comparison aims to clarify differences in nutritional characteristics among
these groups, based on the standardized assumption of a 1000 kcal daily intake, thereby
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allowing a more meaningful comparison of nutrient density. The energy-standardized
analyses were used to distinguish differences in nutrient density from differences primar-
ily driven by higher total food intake; therefore, the interpretation emphasizes the most
relevant energy-adjusted findings rather than all individual nutrient comparisons. The
smaller number of statistically significant findings after energy standardization suggests
that many differences observed in absolute nutrient intake were likely driven by higher
total energy intake rather than by major differences in nutrient density. This point is em-
phasized in the interpretation of the dietary results.

Table 5. (a) Macronutrient variables per 1000 kcal compared to organized sports participation in
early and late adolescents by gender. (b) Carbohydrate subtypes and lipid-related variables per 1000

kcal compared to organized sports participation in early and late adolescents by gender.

(@
Early Adolescents (1 =57) Late Adolescents (n = 167)
oys (n= irls (n = oys (n= irls (n =
Boys (n = 32) Girls (n = 25) Boys (n=97) Girls (n=70)
No Exer No
Eating cisee Any Exercise Exer- Any Exercise No Exercise (n Any Exercise (n No Exercise (n Any Exercise
Habits (n=1) (n=31) cise (n=23) =14) =83) =30) (n=40)
(n=2)
( Cr/I_ll(g())o 118.58 116 122,63 111.77 109.74 103.72 106.34 110.12
chal) % (107.08-120.94) “77 (95.79-118.96) (98.28-131.13) (91.64-116.21) (93.53-117.09) (99.37-121.61)
Fat 41.12 40.91 40.3 43.76 45.06 42.42
(glz/c 1635)0 40.85 (37.31-43.56) 39.25 (34.05-44.58) (35.73-48.17) (39.36-47.87)  (41.06-49.1)  (39.3-45.35)
(P rrj’fggg 205 43.18 42,56 4136 46.24 39.53 4255
chal) ’ (39.98-46.73) (37.3-52.36)  (36.33-51.73)  (39.77-56.08) (33.84-47.89) (37.39-48.7)
(b)
Early Adolescents (1 =57) Late Adolescents (n =167)
Boys (n = 32) Girls (n = 25) Boys (1 =97) Girls (n=70)
No Exer No
Eating Ocisee Any Exercise Exer- Any Exercise No Exercise (n Any Exercise (n No Exercise (n Any Exercise
Habits (n=1) (n=31) cise (n=23) =14) =83) =30) (n=40)
(n=2)
(S;?I(C)go - 51.65 37.37 44.72 4124 41.71 45.16
chal) © (38.99-61.84) 7 (25.14-51.37) (34.62-55.36) (29.56-51.16) (27.27-49.74) (37.78-53.28)
Fiber 9.71 10.84 12.6 8.4 9.16 10.51
(gli 2?;) 0 1072 (7.7-12.74) 11.57 (9.33-12.69)  (6.77-13.87)  (6.44-12.09)  (6.59-13.45) (7.81-12.08)
(S‘:/glzgso 3811 BL4L o 3709 26.61 28.82 3047 33.89
chal) ' (23.19-34.85) " (27.04-44.83) (19.94-39.65) (21.41-35.74) (23.36-35.98) (23.47-38.05)
Simple
sugars o - 103.06 110.41 99.34 99.09 96.12 96.79 99.9
(gr/1000 ' (95.19-111.95) "7 (86.07-107.77) (89.18-110.78) (83.13-104.63) (84.24-110.2) (88.11-110.45
&
Kcal)
Chol
(mg/1000 137.15 121.47 142.82 132.81 164.08 130.94 122.21
Ifcal) Y (70.39-178.15) 7 (77.37-178.99) (85.03-166.06) (121.25-215.22) (86.02-150.96) (90.21-168.54)
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MUFA

12.14 14.79 13.13 15.26 17 15.5
1 15.1 .
(glz/ca(ig)o >16 (9.29-16.15) 969 (9.12-18.14)  (10.42-18.56) (12.65-19.18) (13.21-21.64) (13.55-18.51)
(P:/JlFOlgo 75 6.26 6.04 5.94 5.85 6.53 6.44 7.06
chal) ’ (4.48-7.82) ’ (4.85-8.26) (4.99-6.88) (4.99-7.97) (4.72-7.97) (5.34-8.7)
S Fatty
Acid 13 13.1 733 12.76 14.67 14.38 14.23 13.76
(gr/1000 ' (12.06-15.87) (10.93-14.75) (13.03-16.76)  (12.73-16.1)  (12.31-17.02) (11.36-14.78)
kcal)
??foggt 025 036 oo 0.29 0.33 0.36 043 0.35
gkcal) ’ (0.26-0.65) ) (0.27-0.47) (0.28-0.44) (0.22-0.58) (0.27-0.76) (0.24-0.5)
(()T/i%g 03 0.5 066 s 057 058 055 0.6 0.63
gkcal) ’ (0.42-1.04) ’ (0.47-0.83) (0.25-0.78) (0.4-0.9) (0.43-0.89) (0.43-0.98)
?T/el%g 06 5.5 504 Lo 4.7 43 5.01 49 5.48
gkcal) ' (3.56-5.73) ’ (3.47-6.46) (3.56-5.2) (3.65-6.02) (3.62-7.16) (4.16-6.81)
Results are presented as medians (25th—75th Percentile).

The analysis showed that, in late adolescence, inactive boys consumed higher
amounts of vitamin B1 (thiamine) and sodium, whereas active boys showed a higher in-
take of zinc. On the other hand, active girls had higher intakes of vitamin B6 (pyridoxine)
and vitamin B12 (cobalamin) compared with inactive girls.

Table 6a,b present nutrient intake per 1000 kcal according to adherence to the WHO
physical activity recommendations; detailed vitamin and mineral variables are provided
in Supplementary Tables 59 and 510. Because the number of non-exercising participants
in early adolescence was small, comparisons in this subgroup should be interpreted cau-
tiously. Among late-adolescent girls, those reporting MVPA < 60 min/day had higher in-
take of total fat and saturated fatty acids per 1000 kcal than those reporting MVPA > 60
min/day. Conversely, late-adolescent girls meeting the MVPA recommendation had
higher intake of fiber, pyridoxine (vitamin B6), and cobalamin (vitamin B12) per 1000 kcal.
No significant differences were observed among boys. Comparisons involving very small
cells should therefore be regarded as descriptive rather than definitive inferential results.
Overall, the interpretation of Tables 3-6 was condensed to highlight the main clinically
meaningful dietary patterns, while detailed values are presented for completeness and
transparency.

Table 6. (a) Macronutrient variables per 1000 kcal according to WHO physical activity recommen-
dations in early and late adolescents by gender. (b) Carbohydrate subtypes and lipid-related varia-
bles per 1000 kcal according to WHO physical activity recommendations in early and late adoles-
cents by gender.
(a)
Early Adolescents (1 = 57) Late Adolescent (1 =167)
Boys (1 =32) Girls (n = 25) Boys (1 =97) Girls (n =70)
MVPA< MVPA260  MVPA<60  MVPA260
Eating 60 min/ d;y min/day min/ dé_ly MVPA <60 MVPA =60 MVPA <60 MVPA =60
Habits rr:;nidza)y (= 30) (n=4) (n=21) min/day (n=14) min/day (n=83) min/day (n=32) min/day (n=38)
CHO
116.22 (107.5-  112.27 (108.17-  113.55 (92.64— 104.75 (93.29- 106.34 (94.01- 112.12 (99.15-
(gr/1000 10989 120.43) 127.29) 120.03) 105 (79.05-122.25) 116.7) 115.94) 122.04)

Kcal)

https://doi.org/10.3390/adolescents6040052


https://doi.org/10.3390/adolescents6040052

Adolescents 2026, 6, 52

16 of 26

Fat
43.02 40.61 (33.68— 4451 43.01 45.06 42.42
1 4678 40.98 (37.3-43.47
(gli/c a(i?o 678 4098 (3734347) 30 95 443 44.05) (38.72-55.72) (38.53-47.66)  (41.62-49.35)#  (38.35-45.27) #
Protein
43.41 40.82 (38.98-  42.56 (35.98— 39.64 (34.07-  41.81 (36.96—
1 4.84 41. 1-52.75) 46.24 (39.77-55.
(gli/c a(i?o 348 (40.19-46.85) 42.81) 52.43) 36 (36.1-52.75) 4624 (39.77-55.99) 47.77) 49.35)
(b)
Early Adolescents (1 = 57) Late Adolescent (n =167)
Boys (n = 32) Girls (n = 25) Boys (n=97) Girls (n = 70)
MVPA <
> >
Eating 60 MI:;Z; 60 MI:;‘/: 60 Mn‘:ii’/:; 60 MVPA < 60 MVPA > 60 MVPA < 60 MVPA > 60
Habits min/day y Y Y min/day (1=14) min/day (1=83) min/day (n=32) min/day (=38)
(n=2) (n=30) (n=4) (n=21)
Starch 51.59 (38.69 39.49 (27.94 36.78 42.85 429 44.46
1 A7 ’ ul ’ T 40.85 (26.1-51.84 ) ’ ’ ’

(gli/c a(i;)o 0 59.23) 52.96) 085 (26.1-5184) 3 55 5404) (33.61-52.02) (26.98-49.53)  (37.45-55.73)
Fiber 10.21 10.63 (8.22-12.55)
/1000 9.55 ' 12.32 (10.08-15.7) 10.81 (8.55-12.63) 11.7 (6.52-12.95)  8.46 (6.52-12.1) 8.08 (6.61-12.07) # > =1

g
cal) (7.5-12.82)

(S‘rl/gl%roso 2669 31.67 37.79 36.72 2537 28.88 31.44 32.82
chal) ' (2331-3545)  (34.49-4325)  (26.38-44.93)  (19.94-31.56) (21.41-36.13) (23.78-36.15)  (21.64-38.23)

Simple
sugars oo 103.33 96.92 100.16 92.42 96.58 96.79 101.15

(gr/1000 (95.63-11195)  (94.5-116.13)  (82.37-108.79)  (70.69-106.36)  (85.67-105.9)  (84.72-108.52)  (87.53-111.42)
Kcal)

Chol

efl000 11276 125.06 81.1 143.66 132.81 154.76 130.94 117.32
Ifcal) : (70.39-178.29)  (19.43-111.24)  (90.55-192.16)  (76.59-188.55)  (121.25-214.25)  (87.83-151.4)  (87.48-170.86)

(Ni%g‘o 107 12.38 18.01 14.51 16.96 14.82 17.13 15.81
chal) : (10.18-1636)  (5.59-18.26) (8.32-16.64) (10.99-22.53) (12.32-18.99) (13.46-21.71)  (12.99-18.99)

(P:/Jfog‘o oo 6.33 7.75 571 721 6.21 6.44 7.01
chal) : (4.48-7.81) (5.58-9.48) (4.79-7.58) (5.71-8.07) (4.88-7.72) (4.87-8.59) (5.26-8.2)

S Fatty
Add oo 13.04 12.01 12.76 14.84 143 14.76 13.31

(gr/1000 (11.99-1553)  (3.11-13.89)  (11.03-14.81) (13.8-17.66) (12.73-16.09)  (12.49-1651)#  (11.27-14.32) #
kcal)

T(rar;‘lsoigt 0.6 0.36 0.39 0.29 032 0.36 0.42 035
gkcal) : (0.22-0.57) (0.19-0.96) (0.27-0.48) (0.27-0.54) (0.22-0.58) (0.27-0.64) (0.25-0.5)

?T;%E g’ 09 0.66 0.59 0.55 0.69 0.54 0.6 0.63
gkcal) : (0.41-0.94) (0.45-0.94) (0.44-0.77) (0.22-1.14) (0.4-0.84) (0.43-0.98) (0.39-0.96)

?T;%E 06 0.0 5.07 6.51 431 5.02 485 5.13 5.4
gkcal) : (3.53-5.7) (2.78-7.39) (3.41-5.87) (3.65-5.77) (3.59-5.96) (3.6-7.54) (4.17-6.6)

Results are presented as medians (25th—75th Percentile). Symbol Definitions: # p < 0.05 for the cor-
responding comparisons among late-adolescent girls. MVPA: moderate-to-vigorous-intensity phys-
ical activity. Results are presented as medians (25th—75th Percentile). Symbol Definitions: # p < 0.05
for the corresponding comparisons among late-adolescent girls. MVPA: moderate-to-vigorous-in-

tensity physical activity.

4. Discussion

This study examined anthropometric, body-composition, physical-activity, and die-
tary characteristics among Greek adolescents. The findings indicate associations by sex,
age-defined adolescent stage, and sports engagement. Overall, boys had higher fat-free
mass and lower fat-mass percentage than girls, and adolescents who participated in orga-
nized exercise reported different nutrient-intake patterns than their inactive peers. These
findings should not be interpreted as evidence of causal effects. The observed sex differ-
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ences in body composition are consistent with established patterns of pubertal develop-
ment. Boys had greater height, body weight, and FFM than girls, whereas girls had a
higher fat-mass percentage. In late adolescence, boys had a median FFM of 32.6 kg com-
pared with 22.1 kg among girls, while fat-mass percentage was higher in girls than boys.
These differences are consistent with reports by Wells et al. [45] and Abreu and Kaiser [46]
and are largely explained by puberty-related hormonal changes: testosterone promotes
lean-mass accretion in boys, whereas estrogens contribute to greater fat deposition and
sex-specific fat distribution in girls [47,48]. Similar sex-based differences have also been
reported in adolescent populations by Galan-Ldpez et al. [49] and other studies [50-53].

Consistent with the previous literature, boys in the present study were more likely
than girls to participate in sports and structured physical activity. Eime et al. [54] and
other studies [55,56] have shown that boys tend to participate in sports more frequently
from childhood, often with greater parental encouragement. Comparable sex differences
in activity patterns have also been reported among Spanish adolescents [57]. These differ-
ences may partly reflect variation in motor competence, particularly object-control skills
such as ball handling, in which boys often outperform girls [58,59]. Because motor com-
petence predicts both current and future sports participation [59], these developmental
differences may contribute to lower activity levels among girls.

In addition to biological maturation, physical activity patterns and dietary intake
may also contribute to the observed sex differences in body composition. Greater partici-
pation in structured sports may be associated with higher fat-free mass through greater
training exposure and energy requirements, while differences in food choices, total energy
intake, and nutrient density may further influence body-composition characteristics.
However, these interpretations remain exploratory because the cross-sectional design
does not allow causal inference.

Findings from Mediterranean adolescent populations provide useful context for the
present results. Studies conducted in Spanish adolescents have reported associations be-
tween adherence to the Mediterranean diet, physical fitness, and body-composition char-
acteristics, and have also described sex-related differences in physical activity and dietary
patterns [49,57]. In line with this literature, the present findings suggest that organized
sports participation may be linked not only to activity behavior but also to broader health-
related lifestyle patterns among adolescents in a Mediterranean setting. However, because
the present study was cross-sectional, these comparisons should be interpreted as descrip-
tive and hypothesis-generating rather than causal.

In this sample, 76.8% of adolescents reported meeting the WHO recommendation of
at least 60 min of MVPA per day, including 87.6% of boys and 62.1% of girls. These pro-
portions are higher than those reported by Sanchez et al. [60], who found that 45% of
adolescents met the recommendation, and higher than estimates from studies using ob-
jective measures, in which approximately 30% of adolescents achieve recommended ac-
tivity levels [61]. Differences in measurement method may partly explain this discrepancy,
as self-reported physical activity can overestimate true activity levels. Previous studies
also identify television viewing and other screen-based activities as common sedentary
behaviors among adolescents [62,63], while international evidence suggests that a large
proportion of adolescents fail to meet recommended physical activity levels [64]. There-
fore, the high percentage of participants meeting the WHO recommendation may partly
reflect overestimation inherent in self-reported questionnaires and should not be inter-
preted as an objectively measured prevalence estimate. Thus, the reported adherence to
WHO physical activity recommendations should be interpreted as self-reported adher-
ence rather than objectively measured compliance. The high prevalence may reflect re-
gional sampling characteristics, the school-based recruitment context, and possible selec-
tion of adolescents with greater interest in sports or health-related behaviors.
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The findings support previous evidence linking adiposity, lean mass, and physical
activity with fitness and health outcomes. Higher adiposity has been inversely associated
with physical fitness [29], whereas fat-free mass [65] and MVPA [66] are positively asso-
ciated with fitness. In line with previous work [67], sedentary time may not remain inde-
pendently associated with fitness after accounting for age, body composition, and MVPA.
In the present cross-sectional study, these variables should be interpreted as correlates of
adolescent fitness and health-related characteristics rather than as causal determinants.

Macronutrient intake in the present cohort was broadly consistent with dietary-ref-
erence recommendations [7], although several concerns were identified. Energy intake in
late adolescence was lower than reference values, with late-adolescent boys consuming a
median of 2193 kcal/day compared with an EFSA reference of 2717 kcal/day for high phys-
ical activity. Fiber intake was generally adequate, and carbohydrate contribution to en-
ergy intake was within the recommended range. Protein intake met recommended levels,
and total fat intake was within the recommended energy range; however, saturated fat
intake slightly exceeded recommended thresholds.

Potential under-reporting of energy intake should also be considered, as under-re-
porting is common in adolescent dietary surveys and may be influenced by recall difficul-
ties, social desirability, body-weight concerns, or omission of snacks and beverages.
Therefore, the lower reported energy intake should be interpreted cautiously and may not
necessarily reflect true habitual energy intake.

Despite generally adequate macronutrient intake, possible micronutrient inadequa-
cies were observed. Intakes of thiamine (vitamin B1), riboflavin (vitamin B2), folate, vita-
min K, and vitamin D appeared adequate in several subgroups, whereas lower potential
intakes were observed for pantothenic acid (vitamin B5), pyridoxine (vitamin B6), cobal-
amin (vitamin B12), vitamin A, vitamin C, and vitamin E. Regarding minerals, iron and
phosphorus intakes were generally sufficient, whereas calcium, copper, magnesium, man-
ganese, and zinc showed possible inadequacies. These findings suggest that even when
total macronutrient intake appears acceptable, micronutrient intake may remain subopti-
mal during adolescence. Accordingly, the micronutrient findings should be interpreted
cautiously, as a three-day recording period may not adequately reflect usual micronutri-
ent intake or day-to-day variation in micronutrient consumption.

Because the present study assessed dietary intake only and did not include biochem-
ical biomarkers, reported micronutrient inadequacies should not be interpreted as con-
firmed nutritional deficiencies. Instead, they indicate potential dietary inadequacy and
should be confirmed in future studies using biomarkers of nutritional status and longer-
term dietary assessment.

These results are consistent with the HELENA study, which identified insufficient
status or intake of several micronutrients among European adolescents, including vitamin
D, pyridoxal phosphate, folate, beta-carotene, and vitamin E [68]. Together, these findings
reinforce the importance of monitoring micronutrient intake and dietary quality during
adolescence. Puberty is a period of accelerated growth and increased requirements for
vitamins and minerals [69-71]. HELENA findings further indicated that many European
adolescents consumed fewer than recommended servings of fruits and vegetables while
exceeding recommended intake of meat, fats, and sweets [68,72]. Low intakes of vitamin
D and folate, inadequate intake of polyunsaturated fatty acids, and excessive saturated fat
intake have also been reported [68,72].

Social and environmental factors strongly shape adolescent dietary behaviors [73,74].
These influences may contribute to higher consumption of sweets, sugar, and fat and
lower intake of vegetables and fruits [75-79].

Parental dietary habits are particularly important. Adolescents” perceived parental
intake of fruits, vegetables, and fats has been associated with their own dietary behaviors
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[80-83]. Adolescents whose parents follow lower-fat dietary patterns may be more likely
to adopt similar practices [82,83]. Across diverse adolescent populations, nutrients of con-
cern frequently include folate [84,85], calcium [76,86,87], vitamin D [88,89], and iron [90].

However, parental dietary practices, parental education, and household food availa-
bility were not directly assessed in the present study. Therefore, parental influence is dis-
cussed only as a contextual explanation based on the previous literature and should not
be interpreted as an observed determinant in this sample.

CDC data also indicate that only a small proportion of U.S. adolescents aged 12-19
years meet recommendations for total fat and saturated fat intake [61,63]. In addition,
fewer than one quarter of high-school students consume at least five daily servings of
fruits and vegetables [91]. These findings underscore that dietary inadequacy during ad-
olescence is a global public health issue.

Adolescence is also a critical period for the development of sports skills and lifelong
health behaviors, because rapid changes in body composition and hormone levels influ-
ence both physical performance and nutritional needs [92]. Among adolescent athletes,
insufficient intake of iron, vitamin D, and calcium is common, and sports dietitians often
recommend increased attention to these nutrients [92]. Evidence also suggests that both
macro- and micronutrient intake among adolescent athletes may fall below recommenda-
tions [93,94]. Similar patterns of low energy intake have been reported in other adolescent
groups [95], consistent with the underconsumption observed in the present study.

It should also be emphasized that the present sample consisted of adolescents report-
ing organized sports participation, not necessarily competitive adolescent athletes. There-
fore, comparisons with athlete-specific studies are informative but should be made cau-
tiously, as training volume, competitive level, and nutritional supervision may differ sub-
stantially.

The observed sex-specific associations between organized sports participation and
nutrient intake may have several possible explanations. Boys and girls differed in the type
and prevalence of organized sports participation, with boys more frequently reporting
team-sport participation and girls more frequently reporting gym-based or individual ac-
tivities. These differences may be associated with variation in training volume, energy
requirements, food choices, body-composition characteristics, and social influences from
peers, families, coaches, and sports environments. Higher absolute nutrient intake among
adolescents participating in organized sports may partly reflect greater total energy in-
take, whereas the energy-standardized analyses suggest that some differences may also
relate to dietary quality. These explanations remain speculative, as the study design does
not allow assessment of causal mechanisms.

Overall, the key interpretation is that organized sports participation was associated
with differences in dietary patterns and nutrient density rather than merely higher abso-
lute nutrient intake. The attenuation of several differences after standardization per 1000
kcal suggests that part of the observed variation was explained by higher total food intake,
while the remaining energy-adjusted differences may reflect aspects of dietary quality.

4.1. Practical Implications

The findings may have practical implications for school-based health promotion, ad-
olescent nutrition education, and organized sports settings. Schools, families, coaches, and
health professionals could use organized sports participation as an opportunity to rein-
force nutritionally adequate dietary patterns, while also paying attention to adolescents
who do not participate in organized sports and to girls who reported lower participation
and lower adherence to physical activity recommendations. Nutrition education should
emphasize adequate intake of nutrients relevant to adolescent growth and sports partici-
pation, including protein, fiber, vitamin D, calcium, magnesium, iron, and zinc. These im-
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plications should be interpreted cautiously because the study was cross-sectional and
based on self-reported dietary and physical activity measures.

4.2. Limitations and Future Directions

This study has several limitations. First, the cross-sectional design precludes causal
inference regarding associations among body composition, physical activity, dietary in-
take, and related outcomes. Accordingly, all findings should be interpreted as associations
rather than effects. Second, self-reported physical activity and dietary data may be af-
fected by recall bias and social desirability bias, potentially leading to overestimation of
physical activity or underreporting of energy intake. Third, pubertal status was not clini-
cally assessed through Tanner staging or other biological maturation indicators; therefore,
the age-defined adolescent-stage categories may not fully reflect biological maturation
and may have introduced some misclassification. Although the sample included adoles-
cents from several areas of Attica, the findings may not be generalizable to all Greek ado-
lescents or to adolescents in other countries. In addition, selection bias cannot be excluded,
because participation depended on returning signed parental consent and adolescent as-
sent forms. Adolescents or families with greater interest in health, nutrition, or sports may
have been more likely to participate, which may limit the representativeness and general-
izability of the findings. This limitation is particularly relevant given the relatively high
proportion of adolescents reporting achievement of the WHO physical activity recom-
mendation. Future studies should include objective physical activity measures, such as
accelerometers, to validate self-reported activity levels. Statistical comparisons based on
such small cells have limited reliability and statistical power; therefore, these results
should be interpreted with extreme caution and regarded as descriptive and hypothesis-
generating. In addition, dietary intake was estimated using three-day food records. Alt-
hough this method is recognized and included two non-consecutive weekdays and one
non-consecutive weekend day, the short recording period may not fully capture habitual
intake, seasonal variation, or day-to-day variability, particularly for micronutrients. Body
composition was assessed using BIA, which is less precise than reference techniques such
as DXA and may be influenced by hydration status, recent food or fluid intake, recent
physical activity, and other measurement conditions. Therefore, body-composition esti-
mates should be interpreted cautiously. Additional methodological limitations include:
the absence of systematic data on training frequency, duration, weekly training volume,
and competitive level; the lack of direct hydration assessment before BIA measurements;
possible inaccuracies when matching Greek foods or local recipes in the nutrition-analysis
database; and the absence of formal correction for multiple testing, which increases the
possibility of type I error in the nutrient-specific subgroup analyses.

Future studies should use longitudinal and interventional designs with objective
measures of physical activity, detailed dietary assessment, and biological markers of nu-
tritional status. School- and family-based interventions targeting micronutrient adequacy,
physical inactivity, and excess adiposity should also be evaluated to support healthier
developmental trajectories during adolescence.

5. Conclusions

In this sample of Greek adolescents, body-composition characteristics, physical-ac-
tivity patterns, and dietary intake differed according to sex, age-defined adolescent stage,
and organized sports participation. Organized sports participation was associated with
differences in body-composition characteristics and selected macro- and micronutrient in-
takes, particularly among late adolescents; however, these findings should be interpreted
cautiously because of the cross-sectional design and the use of self-reported physical ac-
tivity and dietary data.
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The observed body-composition differences should therefore be interpreted as cross-
sectional associations and not as evidence that organized sports participation caused more
favorable body-composition characteristics.

Although macronutrient intake was generally within recommended ranges, poten-
tial inadequacies in selected micronutrients were observed. These results should be con-
sidered exploratory and hypothesis-generating, and they do not establish causal relation-
ships between organized sports participation, dietary intake, and body composition.

Future longitudinal and intervention studies using objective physical activity
measures, more detailed dietary assessment, and biomarkers of nutritional status are
needed to clarify the direction, magnitude, and clinical relevance of these associations in
adolescents.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/adolescents6040052/s1; Table S1: Questionnaires Used for
the Present Study; Table S2: Student Questionnaire; Table S3: Vitamin Intake Variables Compared
to Organized Sports Participation in Early and Late Adolescents by Gender. Table S4: Mineral and
Trace-element Intake Variables Compared to Organized Sports Participation in Early and Late Ad-
olescents by Gender; Table S5: Vitamin Intake Variables According to Who Physical Activity Rec-
ommendations in Early and Late Adolescents by Gender; Table S6: Mineral and Trace-element In-
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