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Abstract: The aim of this study was to analyze the effects of a nutritional education program
combined with the FIFA 11+ program on physical fitness attributes, physical activity levels, food
and nutritional habits and nutritional knowledge in young basketball players. Twenty-three
under 14 elite basketball players (13 males and 10 females) belonging to a professional basketball
academy participated in the study. Physical fitness attributes (countermovement jump [CMJ],
drop jump [DJ], linear sprint, Lane Agility Drill, 505 change-of-direction, and repeated-changeof-direction [RCOD]), physical activity levels (Physical Activity Questionnaire for Adolescents,
PAQ-A), eating and nutritional habits (Turconi questionnaire), and nutritional knowledge
(modified version of the Turconi questionnaire) were assessed before and after the five months
intervention period. Participants were involved in five nutrition education sessions and in a
weekly session of the FIFA 11+ program. Pre-to-post differences revealed improvements in
physical fitness attributes (i.e., CMJ, Lane Drill Test and RCOD time test [p < 0.05; effect size (ES)
= 0.52 to -1.68]) and physical activity behaviors (PAQtotal and PAQ Lunch [p < 0.001; ES = 0.680.89]), as well as a maintenance of eating and nutritional habits and nutrition knowledge. In
practical terms, the usual on-court and the implementation of nutrition education interventions
combined with the FIFA 11+ improve physical fitness attributes and physical activity behaviors
while favor the maintenance of eating and nutritional habits and nutrition knowledge in U14
elite basketball players.
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1. Introduction
Basketball is a worldwide practiced
team sport (Hulteen et al., 2017) which is
highly demanding regarding technical,
tactical, psychological and conditional
variables (Montgomery et al., 2010) in all
practice levels. In a conditional approach, a
great amount of high intensity actions, such
as jumps, sprints and change of directions,
are required during a basketball match (Ziv
& Lidor, 2009), which are determinant to
achieve a great on-court competitive
performance (ben Abdelkrim et al., 2007). In
this sense, several factors such as a high rate
of wellness state (i.e., sleep, stress, fatigue,
muscle soreness…) as well as adequate
eating habits are crucial to cope match
demands in basketball players (Sánchez-Díaz
et al., 2021). This could be a key factor for
young players, since an inadequate physical
condition together with nutritional deficits
could affect both their sports career and their
quality of life in adulthood (Mujika et al.,
2018). For this reason, the application of
strategies to optimize the physical condition
and consumption habits of basketball players
seems essential, favoring a holistic
preparation of the athletes.
From a nutrition and dietetic point of
view, nutrition education interventions are
considered as a key factor for the team sport
athletes’ preparation (Sánchez-Díaz et al.,
2020). These strategies could be defined as
specific programs designed to assist targeted
populations in acquiring relevant knowledge
or adopting improved eating behaviors
maintaining or improving health and
enhancing athletic performance (Murimi et
al., 2017). Among these strategies, there are
some
modalities,
including
personal
interviews (Valliant et al., 2012), group
activities (Patton-Lopez et al., 2018), comics
(Zeng et al., 2020), interactive workshops
(Patton-Lopez et al., 2018), or technological
platforms (Abood et al., 2004). However, the
effectiveness of each modality of nutrition
education interventions needs to be analyzed
to identify the most appropriate approach to
each context. Specifically, Rossi et al. (2017)

observed improvements in baseball players’
eating habits and decrements in their body
fat percentage using an educational
intervention based on in face-to-face
individual sessions. On the other hand, Zeng
et al. (2020) applied a nutrition education
intervention through comic books, increasing
the nutrition knowledge in volleyball
players. Finally, Shoemaker et al. (2019)
achieved significant improvements in the
physical performance (i.e., vertical jump,
broad jump and push-up force) of team sport
athletes after the application of an online
sports nutrition curriculum. Despite this, to
date, only one study (Kavouras et al., 2012)
has been carried out with basketball players,
although combined with volleyball players,
so future studies on this topic are necessary,
since this could provide value information to
nutritionists to optimize the training process
in this population.
Previous studies have shown the
efficacy
of
different
complementary
programs to daily training (e.g., highintensity interval training, repeated sprint
ability or power training programs) on the
physical condition of young basketball
players (Gonzalo-Skok et al., 2016; Padulo et
al., 2015; Zeng et al., 2021). However, when
designing or selecting such programs, the
specific characteristics of team sports must be
considered (e.g., congested schedule or high
number of official matches) (Wing, 2018). In
this sense, the FIFA 11+ program has shown
great applicability in specific contexts of team
sports athletes (al Attar & Alshehri, 2019;
Lopes et al., 2020). Specifically, FIFA 11+ is a
multi-exercises warm-up developed Medical
Assessment and Research Center (F-MARC)
in team sports to make injury-prevention and
performance programs more accessible
(Dvorak, 2005). Specifically, previous
research has shown positive effects after the
application of this program in team sport
populations in both performance and injury
prevention (Nawed et al., 2018; Nuhu et al.,
2021), although references to basketball
players are scarce. Regarding this, only one
study (Longo et al., 2012) has been carried out
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with young basketball players, showing that
the FIFA 11+ is effective in reducing the rates
of injuries in this group. Given that the
typology of this program has shown
promising results and it allows its
application as a warm-up prior to any
training session without interfering with the
subsequent content, it seems appropriate to
analyze its effects on young basketball
players.
Since the application of nutritional
education strategies and the FIFA 11+
program isolated have shown benefits in
different populations of team sports athletes
but their application to basketball is scarce, it
would be pertinent to apply a combined
program consisting of both strategies in
young basketball players. Therefore, the aim
of this study was to analyze the effects of a
nutritional education program combined
with the FIFA 11+ program on physical
fitness attributes, physical activity levels,
food and nutritional habits and nutritional
knowledge in young basketball players.
Based on previous studies (Nawed et al.,
2018; Rossi et al., 2017), we hypothesize that
after the application of this combined
program, basketball players will improve
their physical performance, eating habits and
nutritional knowledge.
2. Materials and Methods
Subjects — A convenience sample of
twenty-three under 14 (U14) elite basketball
players (13 males and 10 females, age: 13.1 ±
0.4 years, height: 164.6 ± 5.7 cm, body mass:
54.4 ± 9.9 kg, percentage of body fat: 19.4 ±
6.5%, percentage of muscle mass: 35.7 ± 4.7%,
training experience: 5.5 ± 2.6 years) belonging
to the same elite basketball academy (i.e.,
Spanish Asociación de Clubes de Baloncesto
[ACB] League) were selected to participate in
this study. All players were members of
teams competing at the highest competitive
level in Spain for the U14 age category and
their on-court team training consisted on
games-based and conditioning drills three
times per week with each session typically
lasting 75-90 min, as well as participating in
one official match per week. Players were
included in the study if they completed all

fitness assessments, questionnaires, assisted
to five nutrition education sessions and were
free of injuries the two months prior to the
experimental period. Additionally, players
who missed more than 20% of the sessions
(i.e., on-court and additional sessions) over
the five months intervention period were
excluded from the final analysis. All
participants and their legal guardians were
informed about the procedures, potential
risks, and benefits of the study before signing
a written informed consent. The study was
performed in accordance with the
Declaration of Helsinki (2013) and approved
by the Ethics Committee of the Universidad
Isabel I (FUI1-007).
Design — A longitudinal study
design was applied to analyze the effects of a
nutritional education program combined
with the FIFA 11+ program on eating habits,
nutritional knowledge and physical fitness
attributes in young basketball players. Before
and after of the intervention period, players
completed a basketball-specific fitness test
battery
including
jumping
tests
[countermovement jump (CMJ) and drop
jump (DJ)], linear sprint tests, Lane Agility
Drill test, 505 change-of-direction (COD) test,
and repeated change-of-direction (RCOD)
sprint test. Prior to testing, all players
performed
a
standardized
warm-up
consisting of running at a moderate intensity
for five min, followed by five min of jumps
performed at progressively increasing
intensities, five min of dynamic stretching
exercises, and three min of 20 m running
bouts performed at increasing intensities.
These tests were performed in a single
session on an indoor basketball court (15–18
◦C, 60–70% relative humidity), with five min
of passive, standing recovery applied
between tests. All tests were carried out three
days following official competition in the
afternoon between 16:00 h and 19:00 h. Also,
before physical testing, players completed
questionnaires regarding physical activity
behaviors, nutritional habits, and nutritional
knowledge on their own and not in the
presence of peers. All of these questionnaires
were be previously validated. During the five
months
intervention
period,
players
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completed five nutrition education sessions
and performed one weekly session of the
FIFA11+ program. Players were familiarized
with the study protocol during training
sessions across the month before the start of
the study, including all physical fitness tests
and questionnaires. Likewise, players were
advised not to perform any physical exercise
in the two days prior to testing and were
given advice to ensure adequate hydration
and nutritional status (avoiding the caffeine
consumption or similar) upon arrival for
testing. The experimental intervention took
place during the in-season phase (October to
February), in the afternoon (between 16:00 h
and 19:00 h), of the 2020–2021 competitive
season.
Physical fitness tests Jumping tests — Players performed
two trials each of the CMJ and DJ to assess
the jump height (cm) through a photocell
system (Optojump, Microgate™, Bolzano,
Italy). Each jump trial was separated by 45 s
of passive, standing recovery, and the highest
jump was used for subsequent analysis in
each test. During CMJ trials, players were
instructed to perform a downward
movement followed by a complete, rapid
extension of the lower-limbs, maintaining
their hands on their hips while jumping as
high as possible (Heishman et al., 2020). For
DJ trials, players were instructed to step from
a wooden box (30 cm height) and
immediately following ground contact, jump
for maximal height as quickly as possible
(Marshall & Moran, 2013). In the current
sample of players, the between-trial
intraclass correlation coefficients (ICCs) for
jump height attained during both tests was
0.97.
Linear sprint test — Players
completed two trials of 20 m linear at
maximal effort to assess linear speed, using
four pairs of photoelectric cells (Polifemo,
Microgate™, Bolzano, Italy) to record sprint
split times sprints (i.e., at 5 m, 10 m, and 20
m). Each sprint trial was separated by 120 s
of passive, standing rest. Players started each
sprint 0.5 m before the first timing gate and
upon their own volition. The fastest time (s)
for each split (irrespective of the trial) was

used for further analysis. In the current
sample of players, the between-trial ICCs
were 0.70, 0.67, and 0.75 for 5, 10 and 20 m
sprint times.
Change-of-direction (COD) speed tests
— The Lane Agility Drill test and the 505
COD test were used to assess COD time in
players. For the first of them, basketball
players followed the protocol previously
used by (Raya-González et al., 2021), while in
the second test, players completed the
protocol described by (Castillo et al., 2021a).
Two trials of each test with 90 s of passive
were completed, and standing rest was
applied between trials. A photocell timing
gate (Polifemo, Microgate™, Bolzano, Italy)
was used to determine the time employed to
complete both tests, and the fastest trial was
used for subsequent analysis in each test. The
ICCs were 0.90 for the Lane Agility Drill test
and 0.74 for the 505 COD test in the current
sample of players.
Repeated change-of-direction (RCOD)
sprint test — A single trial of the RCOD sprint
test was administered. This test consisted in
the repetition of 5 × 30 m shuttle sprints (15
m + 15 m) interspersed with 30 s of passive,
standing recovery between each sprint. A
single pair of photoelectric cells (Polifemo,
Microgate™, Bolzano, Italy) were used to
determine the time to cover each repetition.
Players started 0.5 m before the first timing
gate and sprinted for 15 m, before touching a
line on the floor with their preferred foot and
returning to the starting position as fast as
possible (Castillo et al., 2021a). The sum of
the 5 shuttle sprint times (total performance
time during the RCOD sprint test) was
calculated and used for subsequent analysis.
Questionnaires - The questionnaires
were conducted following a typical week in
which players maintained their normal daily
routines involving attendance at school on
five days, three on-court training sessions,
and participation in an official match during
the weekend.
Physical Activity Questionnaire for
Adolescents (PAQ-A) — This questionnaire is
composed by nine questions (5-point Likert
scales) aiming to assess the physical activity
behaviors of players outside of regular
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basketball training and competition across
the entire week (i.e., Monday to Sunday)
prior to testing. The first six questions in the
questionnaire are related with the physical
activity carried out in the last seven days
during leisure time, during physical
education classes, during specific times on
school days (i.e., lunch, afternoon, and night),
and during the weekend, while the last two
questions are focused on the level of physical
activity carried out during the week and how
often physical activity occurred on each day
of the week. The average of the scores
obtained in the first eight questions is used as
the PAQ-A final, being the last question used
to identify whether any circumstances that
prevented usual physical activity occurred in
the
week
analyzed.
Transformation
techniques were used to transform the raw
data on a scale ranging from 0 to 100 (Müller
et al., 2016). The PAQ-A was designed for
and validated (ICC = 0.71 for total score) in
males (n = 46) and females (n = 36) aged 13 to
18 years (Martínez-Gómez et al., 2009).
Dietary questionnaire. — A modified
dietary questionnaire was applied to identify
the nutritional habits and nutritional
knowledge of players. This questionnaire
was originally used by (Turconi et al., 2003),
which was composed of 10 sections.
However, we only used three sections (i.e., B,
C, and H) following to (Sánchez-Díaz et al.,
2021) in young basketball players. These
sections were relevant for this study and thus
used to assess player eating habits and
nutritional knowledge. Transformation
techniques were used to transform the raw
data on a scale ranging from 0 to 100 (Müller
et al., 2016).
Intervention Nutrition education interventions —
During the experimental period, five
nutrition education sessions were applied
(once per month). These sessions were
conducted in a relaxed atmosphere by a
nutrition and dietetics specialist, who
designed all the nutrition education

program. The sessions were performed faceto-face and online, combining theoretical
information (i.e., slide show presentation and
guided discussion) with several games.
During these nutrition education sessions
topics such as food groups (e.g., foods and
nutrients), varied and balanced diet (e.g.,
recommended and usual portion), food
typologies (e.g., fresh and processed) and
nutritional labeling were discussed. The
sessions had a mean duration of 60 min and
were carried out prior to the basketball
training session.
Physical activity intervention (FIFA
11+) — During the five months experimental
period, a weekly session (i.e., 20 sessions) of
FIFA11+ was performed by basketball
players. Each FIFA11+ session lasted between
15 to 20 min and was conducted immediately
after a general warm up and before the
regular on-court basketball training sessions
(60 min to 75 min). All FIFA11+ sessions were
supervised by the strength and conditioning
staff of the team, providing adequate
feedback and cues for exercise and drill
execution. During these sessions, players
performed running, strength, plyometric and
balance exercises, as proposed by (Dvorak,
2005). FIFA 11+ sessions were included
within the basketball periodization as shown
in Table 1 since this training program has
improved the power performances (i.e.,
sprint and jumping) in basketball players
(Nawed et al., 2018).
Statistical Analysis — Data are
presented as mean ± standard deviations
(SD) for quantitative variables or frequencies
and percentages for qualitative variables.
Normal distribution of data was assessed by
the Shapiro-Wilk test, and paired t-test or
Wilcoxon rank sum test were used to
examine differences in those quantitative
variables regarding to physical fitness
attributes, physical activity levels, eating
habits and nutritional knowledge after the
five months intervention period (Pre and
Post).
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Table 1. In-season weekly program for the U-14 basketball teams.
Monday

Training
program

Rest

Tuesday
Duration: 70
min
Warm-up: 15
min
Free throw
shooting: 10
min
Technical
training: 20
min
Small sided
games: 25 min

Wednesday

Rest

Day of the week
Thursday
Duration: 80 - 90
min
Warm-up: 15 min
FIFA 11+ session:
15 to 20 min
Tactical training:
20 min
Simulated game:
30 min

Friday
Duration: 70
min
Warm-up: 15
min
Speed
training: 10
min
Small sided
games: 15 min
Tactical
training: 20
min
Shooting
exercises: 10
min

Saturday

Sunday

Match

Rest

Note: Once a month on Tuesday nutrition education sessions topics were carried out during 60 min each.

Also, McNemar test was applied to
those dichotomous qualitative variables to
examine the effect of the intervention
program on the aforementioned variables. In
addition, to analyze between-groups (i.e.,
male and females) differences after the
intervention, an analysis of covariance
(ANCOVA), assuming baseline values as
covariates, was applied. Cohen’s effect size
(ES) was used for those quantitative variables
which fulfilled the principle of normal
distribution of data (Cohen, 1988), and eta
square for those quantitative variables which
did not fulfill the principle of normal
distribution of data. The following scales was
used to interpret magnitudes: <0.1, trivial;
small, 0.11-0.30; intermediate, 0.31-0.50; and
strong, >0.50 (Hopkins et al., 2009), and eta
squared <0,25, 0,26–0,63 y >0,63, as small,
intermediate and strong effects, respectively.
Data analysis was carried out using the
Statistical Package for Social Science (SPSS
Statistics for Windows, version 25.0, IBM
Corp., Armonk, N.Y., USA), with statistical
significance set at p < 0.05.
3. Results
Changes in physical fitness attributes
after 5-months period of nutrition education

intervention and FIFA11+ training are shown
in Table 2. Elite U14 basketball players
improved significantly bilateral (CMJ: p <
0.001, strong) and unilateral (CMJRight: p =
0.008, strong; CMJLeft: p = 0.040, strong)
jumps, COD (Lane Agility Drill test: p < 0.001,
strong) and RCOD sprint test times (p < 0.001
– 0.006, strong). In addition, individual
changes after 5-months period of nutrition
education intervention and FIFA11+ training
are presented in Figure 1 (A: CMJ; B:
CMJRight; C: CMJLeft), Figure 2 (Lane Drill
Test) and Figure 3 (A: RCOD sprint 1-5 tests;
B: RCOD sum time test).
Regarding to physical activity
behaviours, PAQtotal and type of physical
activity before and after lunch across the last
7 days (PAQ3 Lunch) was improved
significantly after 5-months period of
nutrition education intervention and
FIFA11+ training in elite under 14 basketball
players (Table 3).
No significant changes (p > 0.05)
were detected after 5-months period of
nutrition education intervention and
FIFA11+ training (Supplementary Tables) in
elite under 14 basketball players in food
habits (section B) and nutritional (section C)
habits, and nutrition knowledge (section H)
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using the modified version of Turconi
questionnaire (Sánchez-Díaz et al., 2021).

Additionally,
no
significant
differences between gender groups after the
intervention were observed (p > 0.05).

Table 2. Changes in physical fitness attributes after 5-month period of nutrition education intervention and
FIFA11+ training in elite under 14 basketball players.
Variables

Before

After

p-value

Effect size, magnitude

CMJ (cm)

24.74 ± 5.62

27.70 ± 6.93

<0.001

0.89, strong

CMJRight (cm)

11.70 ± 3.03

13.62 ± 4.11

0.008

0.66, strong

CMJLeft (cm)

12.66 ± 3.80

14.17 ± 4.29

0.040

0.52, strong

DJ (cm)

26.14 ± 6.39

26.97 ± 6.33

0.841

-0.06, trivial

5 m sprint (s)

1.12 ± 0.08

1.19 ± 0.28

0.130

0.35, intermediate

10 m sprint (s)

2.00 ± 0.14

2.00 ± 0.14

0.908

0.03, small

20 m sprint (s)

3.46 ± 0.40

3.56 ± 0.26

0.159

0.37, intermediate

Jump test

Linear Sprint Test

Change of Direction Ability (CODA) test
Lane Agility Drill (s)

15.31 ± 1.00

14.29 ± 0.81

<0.001

-1.68, strong

505-COD (s)

2.68 ± 0.20

2.63 ± 0.17

0.166

-0.32, intermediate

34.13 ± 2.06

33.23 ± 1.75

<0.001

-1.13, strong

6.64 ± 0.40

6.58 ± 0.36

0.266

-0.26, small

RCOD-2

6.83 ± 0.42

6.63 ± 0.36

0.006

-0.67, strong

RCOD-3

6.88 ± 0.43

6.70 ± 0.38

0.001

-0.85, strong

RCOD-4

6.91 ± 0.46

6.67 ± 0.35

<0.001

-1.57, strong

RCOD-5

6.88 ± 0.42

6.66 ± 0.44

<0.001

-0.95, strong

Repeated change-of-direction (RCOD) sprint test
RCOD sprint test time
(s)
RCOD-1

Bolded p-value indicates statistical significance at p < 0.05.

Figure 1. Individual changes after 5-months period in A) CMJ; B) CMJRight; C) CMJLeft.
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Figure 2. Individual changes after 5-months period in Lane Drill Test.

Figure 3. Individual changes after 5-months period in A) RCOD sprint 1-5 tests; B) RCOD sum time test.
Table 3. Changes in Physical Activity Questionnaire for Adolescents (PAQ-A) after 5-month period of nutrition
education intervention and FIFA11+ training in elite under 14 basketball players.
pEffect size,
Baseline
After
value
magnitude
PAQ1mean Activities
0.54 ± 0.35
0.63 ± 0.54
0.186
0.33, intermediate
PAQ2 Physical Education

81.53 ± 15.48

81.82 ± 23.38

1.000

0.03, trivial

PAQ3 Lunch

10.87 ± 19.69

27.27 ± 32.67

0.009

0.89, strong

PAQ4 4-6 pm

47.83 ± 33.64

53.41 ± 32.09

0.275

0.25, small

PAQ5 6-10 pm

48.91 ± 27.67

59.09 ± 25.05

0.189

0.30, small

PAQ6 Weekend

48.91 ± 26.63

48.86 ± 30.35

0.881

-0.03, trivial

PAQ7 Week intensity

30.44 ± 21.26

48.86 ± 27.25

0.055

0.46, intermediate

PAQ8mean Diary frequency

2.04 ± 0.42

2.36 ± 0.62

0.085

0.43, intermediate

PAQtotal

1.65 ± 0.48

1.97 ± 0.48

0.009

0.68, strong

PAQ1mean Activities, Frequency of physical activities during leisure time across the last 7 days; PAQ2 Physical education,
Frequency of being physically active during physical education sessions at school across the last 7 days; PAQ3 Lunch, Type of
physical activity before and after lunch across the last 7 days; PAQ4 4–6 pm, Frequency of being physically active immediately
after school during the last 7 days; PAQ5 6–10 pm, Frequency of being physically active between 6 and 10 pm across the last 7
days; PAQ6 Weekend, Frequency of being physically active during the last weekend; PAQ7 Week intensity, Weekly frequency of
performing physical activity in leisure time; PAQ8mean Diary frequency, Frequency of daily physical activity for each day of the
week; PAQtotal, Total score obtained across the first eight questions in the questionnaire; Paired t-test was applied to total score
and Wilcoxon rank sum test to questions 1 and 8, which contain data presented as mean ± standard deviation, while McNemar
test were applied to all other questions which contain data presented as percentages. Bold value indicates significance at p < 0.05.
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4. Discussion
Previous studies have shown the
effectiveness
of
applying
nutrition
education programs and the FIFA 11+
program isolated in different populations of
team sports athletes but scarce literature has
focused in basketball players (Sánchez-Díaz
et al., 2020) so it would be pertinent to
analyze the influence of both strategies in a
combined program. Therefore, the aim of
this study was to analyze the effects of a
nutritional education program combined
with the FIFA 11+ program on physical
fitness
attributes,
physical
activity
behaviors, eating habits and nutrition
knowledge in elite U14 basketball players.
The main results obtained have shown that
the usual on-court training and the
implementation of nutrition education
interventions combined to the FIFA 11+
program consistently induced positive
changes in physical fitness attributes (i.e.,
CMJ, Lane Drill Test and RCOD time test)
and improved physical activity behaviors
(PAQtotal and PAQ Lunch). Otherwise, a
maintenance of eating and nutritional habits
and nutrition knowledge was observed in
elite U14 basketball players.
One of the main goals of strength
and conditioning specialists of team sports
athletes (e.g., basketball) is to ensure that
players meet the physical requirements of
competition (Castillo et al., 2021b) and to
mitigate the fatigue-related injury risk in
order to optimize the physical performance
and increase players’ availability (Mujika et
al., 2018). So that, the inclusion prevention
training routines as well as the improvement
of nutritional intake behaviors could
optimize the preparedness of basketball
players for competition (Sánchez-Díaz et al.,
2021). Our results indicated that elite U14
basketball players enhanced their physical
fitness attributes in terms of bilateral and
unilateral CMJ height, time spent in Lane
Agility Drill test, and RCOD sprint test times
after the 5-months in which the nutrition
education interventions and FIFA11+
program were applied. This is the first
investigation analyzing the effect of

combined nutrition education interventions
and physical conditioning program on
physical fitness, although previous studies
including these nutritional and training
strategies in an isolated way showed
controversial results attending to team
sports athletes. In this sense, Kavouras et al.
(2012) and Shoemaker et al. (2019) observed
improvements in physical fitness in team
sport players (i.e., endurance and jump
abilities) after the application of several
nutrition
education
interventions.
Conversely, in the study conducted by Rossi
et al. (2017) no significant differences were
observed comparing the intervention group
(i.e., nutrition education intervention) with
their counterparts belonging to the control
group. In addition, Nawed et al. (2018)
observed enhances in several attributes of
physical performance in soccer players after
the application of the FIFA11+ program.
Attending to the aforementioned results,
these findings suggest that the physical
fitness attributes in young basketball players
could be improved by the inclusion of a
combined program based on nutrition
education interventions and the FIFA11+
training to the usual on-court training.
Nevertheless,
future
studies
could
investigate the effectiveness of these
strategies adding a control group although
it would be difficult to find high-level young
basketball teams and the sample for each
group would be low.
In addition to the effects on physical
fitness, it is also of great interest to know the
influence of the purposed intervention on
the level of practice outside the sports
context due to its positive effects on athletic
performance (Mujika et al., 2018). As such,
the results of our study showed that elite
U14 basketball players ameliorated the sum
of scores in PAQtotal questionnaire and the
type of physical activity before and after
lunch across the last seven days after 5months period of nutrition education
intervention and FIFA 11+ training. Since
this is the first investigation carried out in
young basketball players considering this
specific variable (i.e., PAQ), our results are
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not comparable with those obtained in
previous studies. However, we hypothesize
that the improvements obtained could be
due to the fact that with the knowledge
contributed during nutrition education
interventions they influence healthy lifestyle
habits in a multifactorial way, including
physical activity outside. In addition, the
fact of including specific conditioning
programs in training routines (i.e., the FIFA
11+ program) can favor the creation of sports
habits in young athletes. Therefore, the
inclusion of nutrition and prevention
training interventions in daily routine of
elite basketball academies could be justify
due to the positive influence found on
equating the practice of physical activity in
wider social contexts.
Conversely, our results did not
report significant changes in food habits
(section B) nutritional habits (section C) and
nutrition knowledge (section H) using the
modified version of Turconi questionnaire
(Sánchez-Díaz et al., 2021) after 5-months
period of nutrition education intervention
combined with the FIFA 11+ training
program in elite U14 basketball players. A
priori, these results could be surprising,
however, previous studies have already
reported the existing controversy, mainly
attributed to the intervention’s modality,
frequency and duration (Sánchez-Díaz et al.,
2020). Although some studies have showed
modifications in carbohydrate, protein, fat
and/or total energy intakes after nutrition
education interventions in team sports
athletes (Elias et al., 2018; Molina-López et
al., 2013; Valliant et al., 2012; Wenzel et al.,
2012), other studies reported no significant
changes in nutritional intakes (Anderson,
2010; Patton-Lopez et al., 2018; Zeng et al.,
2020) in experimental groups. Additionally,
the participants of our study are minors and,
normally,
they
depend
on
their
parents/guardians. That is, the players do
not buy the food, nor do they cook it, and
probably some of them eat at high school.
Consequently, it can be said that they do not
have the ability to change if their parents /
guardians do not change. Perhaps, this fact

may have influenced the results obtained
and it could be interesting to design
workshops aimed at parents / guardians on
appropriate nutritional behaviors in young
people. Attending to nutritional knowledge,
no improvements in scores of section C of
Turconi questionnaire could be explained by
modality of interventions (i.e., online) as
occurred in the study of Reading et al. (1999)
in which no changes in nutrition knowledge
were detected following the intervention
applied in youth ice-hockey players using
the
modified
version
of
SNAC
questionnaire, or indeed by age of
participants. Despite the reported results, it
is suggested to include nutrition education
interventions in daily routines because
could provide relevant knowledge for team
sport athletes, regarding the nutritional
properties of food and nutritional
knowledge,
which
could
lead
to
consumption of varied and balanced diets
that provide essential nutrients to enhance
performance and recovery. However, it
could more appropriate to include higher
frequency and time-period as well as faceto-face modalities.
This study is not exempt of
limitation being the main one the sample
size recruited in the study, since only elite
U14 basketball players were part of the
sample. Accordingly, future studies should
expand on this work examining larger
samples of players from other age categories
and competitive-levels of play (i.e.,
international). In addition, it would be
interesting to analyze potential sex
differences in the effects of combined
nutrition education interventions and FIFA
11+ training. Also, although many studies
imply only one experimental group (singlearm design), it would be interesting to know
the effects on physical fitness attributes,
physical activity behaviors, eating and
nutritional habits and nutrition knowledge
following a double-arm design. In addition,
since the physical fitness has been assessed
by the specific tests, it would be adequate to
analyze the in-game performance during
basketball
competition.
Consequently,
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future studies are encouraged examining
the effects of combined nutrition education
interventions and prevention strategies on
in-game performance variables to provide
evidence with greater ecological validity on
this topic.
5. Practical Applications.
In practical terms, the inclusion of
nutrition education interventions combined
with the FIFA 11+ program must be
implemented in basketball academies
environment not only to improve the
players performance, but also to improve
their quality of life in terms of physical
activity behaviors.
6. Conclusions
The results of this study have shown
positive changes in physical fitness
attributes (i.e., CMJ, Lane Drill Test and
RCOD time test) and improved physical
activity behaviors (PAQtotal and PAQ
Lunch), as well as a maintenance of eating
and nutritional habits and nutrition
knowledge in elite U14 basketball players
after a 5-months period based on the
combined implementation of nutrition
education interventions with the FIFA 11+
training program. However, no gender
differences in response to the intervention
were found.
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available
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http://eurjhm.com/index.php/eurjhm, Table S1:
Changes in food habits after 5-month period of
nutrition education intervention and FIFA11+
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after 5-month period of nutrition education
intervention and FIFA11+ training in elite under
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nutritional knowledge after 5-month period of
nutrition education intervention and FIFA11+
training in elite under 14 basketball players.
Funding: The research leading to these results
has received funding from “la Caixa” Foundation
and Caja de Burgos Foundation, under
agreement
LCF/PR/PR18/51130008
(Silvia
Sánchez-Díaz, Daniel Castillo and Javier RayaGonzález).

Acknowledgments:
Authors
want
to
acknowledge San Pablo Burgos Basketball Club
for its collaboration to carry out this research
project.
Conflicts of Interest: The authors declare no
conflict of interest. The funders had no role in the
design of the study; in the collection, analyses, or
interpretation of data; in the writing of the
manuscript, or in the decision to publish the
results.

References
Abood, D. A., Black, D. R., & Birnbaum, R. D.
(2004). Nutrition education intervention
for college female athletes. Journal of
Nutrition Education and Behavior, 36(3), 135–
139.
https://doi.org/10.1016/S14994046(06)60150-4
al Attar, W. S. A., & Alshehri, M. A. (2019). A
meta-analysis of meta-analyses of the
effectiveness of FIFA injury prevention
programs in soccer. Scandinavian Journal of
Medicine and Science in Sports, 39(12).
https://doi.org/10.1111/sms.13535
Anderson, D. E. (2010). The impact of feedback
on dietary intake and body composition of
college women volleyball players over a
competitive season. Journal of Strength and
Conditioning Research, 24(8), 2220–2226.
https://doi.org/10.1519/JSC.0b013e3181def
6b9
ben Abdelkrim, N., el Fazaa, S., el Ati, J., & Tabka,
Z. (2007). Time-motion analysis and
physiological data of elite under-19-yearold basketball players during competition *
Commentary. British Journal of Sports
Medicine,
41(2),
69–75.
https://doi.org/10.1136/bjsm.2006.032318
Castillo, D., Raya-González, J., Clemente, F.,
Conte, D., & Rodríguez-Fernández, A.
(2021b). The effects of defensive style and
final game outcome on the external
training load of professional basketball
players.
Biology
of
Sport,
38(4).
https://doi.org/10.5114/biolsport.2021.1011
24
Castillo, D., Raya-González, J., Scanlan, A. T.,
Sánchez-Díaz, S., Lozano, D., & Yanci, J.
(2021a). The influence of physical fitness
attributes on external demands during
simulated basketball matches in youth

Citation: European Journal Of Human Movement 2020, 48:4-20 – http:// 10.21134/eurjhm.2022.48.11

Sánchez-Díaz et al.

players according to age category.
Physiology
and
Behavior,
233.
https://doi.org/10.1016/j.physbeh.2021.113
354
Dvorak, J. (2005). Football Medicine Manual.
Federation Internationale de Football
Association.
Gonzalo-Skok, O., Tous-Fajardo, J., ArjolSerrano, J. L., Suarez-Arrones, L., Antonio
Casajús, J., & Mendez-Villanueva, A.
(2016). Improvement of repeated-sprint
ability
and
horizontal-jumping
performance in elite young basketball
players with low-volume repeatedmaximal-power training. International
Journal of Sports Physiology and Performance,
11(4),
464–473.
https://doi.org/10.1123/ijspp.2014-0612
Heishman, A. D., Daub, B. D., Miller, R. M.,
Freitas, E. D. S., Frantz, B. A., & Bemben, M.
G. (2020). Countermovement jump
reliability performed with and without an
arm swing in NCAA division 1
intercollegiate basketball players. Journal of
Strength and Conditioning Research, 34(2),
546–558.
https://doi.org/10.1519/JSC.0000000000002
812
Hulteen, R. M., Smith, J. J., Morgan, P. J., Barnett,
L. M., Hallal, P. C., Colyvas, K., & Lubans,
D. R. (2017). Global participation in sport
and leisure-time physical activities: A
systematic review and meta-analysis.
Preventive Medicine, 95:4–25).
Kavouras, S. A., Arnaoutis, G., Makrillos, M.,
Garagouni, C., Nikolaou, E., Chira, O.,
Ellinikaki, E., & Sidossis, L. S. (2012).
Educational intervention on water intake
improves hydration status and enhances
exercise performance in athletic youth.
Scandinavian Journal of Medicine and Science
in
Sports,
22(5),
684–689.
https://doi.org/10.1111/j.16000838.2011.01296.x
Longo, U. G., Loppini, M., Berton, A., Marinozzi,
A., Maffulli, N., & Denaro, V. (2012). The
FIFA 11+ program is effective in preventing
injuries in elite male basketball players: A
cluster randomized controlled trial.
American Journal of Sports Medicine, 40(5).
https://doi.org/10.1177/0363546512438761

Lopes, M., Simões, D., Costa, R., Oliveira, J., &
Ribeiro, F. (2020). Effects of the FIFA 11+ on
injury prevention in amateur futsal
players. Scandinavian Journal of Medicine and
Science
in
Sports,
30(8).
https://doi.org/10.1111/sms.13677
Marshall, B. M., & Moran, K. A. (2013). Which
drop jump technique is most effective at
enhancing countermovement jump ability,
“countermovement” drop jump or
“bounce” drop jump? Journal of Sports
Sciences,
31(12),
1368–1374.
https://doi.org/10.1080/02640414.2013.7899
21
Martínez-Gómez, D., Martínez-de-Haro, V.,
Pozo, T., Welk, G. J., Villagra, A., Calle, M.
E., Marcos, A., & Veiga, O. L. (2009).
Reliability and Validity of the PAQ-A
Questionnaire to Assess Physical Activity
in Spanish Adolescents. Revista Española de
Salud
Pública.
https://doi.org/10.1590/s113557272009000300008
Mohd Elias, S. S., Abu Saad, H., Taib, M. N. M., &
Jamil, Z. (2018). Effects of sports nutrition
education intervention on sports nutrition
knowledge, attitude and practice, and
dietary intake of Malaysian team sports
athletes. Malaysian Journal of Nutrition,
24(1), 103–116.
Molina-López, J., Molina, J. M., Chirosa, L. J.,
Florea, D., Sáez, L., Jiménez, J., Planells, P.,
de la Cruz, A. P., & Planells, E. (2013).
Implementación de un programa de
educación nutricional en un equipo de
balonmano; consecuencias en estado
nutricional. Nutricion Hospitalaria, 28(4),
1065–1076.
https://doi.org/10.3305/nh.2013.28.4.6600
Montgomery, P. G., Pyne, D. B., & Minahan, C. L.
(2010). The physical and physiological
demands of basketball training and
competition. International Journal of Sports
Physiology
and
Performance,
5(1).
https://doi.org/10.1123/ijspp.5.1.75
Mujika, I., Halson, S., Burke, L. M., Balagué, G., &
Farrow, D. (2018). An integrated,
multifactorial approach to periodization
for optimal performance in individual and
team sports. International Journal of Sports
Physiology and Performance, 13(5):538–561).
https://doi.org/10.1123/ijspp.2018-0093

Citation: European Journal Of Human Movement 2020, 48:4-20 – http:// 10.21134/eurjhm.2022.48.11

Intervention in youth basketball

Müller, C., Krauth, K. A., Gerß, J., & Rosenbaum,
D. (2016). Physical activity and healthrelated quality of life in pediatric cancer
patients following a 4-week inpatient
rehabilitation program. Supportive Care in
Cancer,
24(9).
https://doi.org/10.1007/s00520-016-3198-y
Murimi, M. W., Kanyi, M., Mupfudze, T., Amin,
M. R., Mbogori, T., & Aldubayan, K. (2017).
Factors Influencing Efficacy of Nutrition
Education Interventions: A Systematic
Review. Journal of Nutrition Education and
Behavior,
49(2),
142-165.e1.
https://doi.org/10.1016/j.jneb.2016.09.003
Nawed, A., Khan, I. A., Jalwan, J., Nuhmani, S., &
Muaidi, Q. I. (2018). Efficacy of FIFA 11 +
training
program
on
functional
performance in amateur male soccer
players. Journal of Back and Musculoskeletal
Rehabilitation,
31(5).
https://doi.org/10.3233/BMR-171034
Nuhu, A., Jelsma, J., Dunleavy, K., & Burgess, T.
(2021). Effect of the FIFA 11+ soccer specific
warm up programme on the incidence of
injuries: A cluster-randomised controlled
trial.
PLoS
ONE,
16(5
May).
https://doi.org/10.1371/journal.pone.02518
39
Padulo, J., Laffaye, G., Haddad, M., Chaouachi,
A., Attene, G., Migliaccio, G. M., Chamari,
K., & Pizzolato, F. (2015). Repeated sprint
ability in young basketball players: one vs.
two changes of direction (Part 1). Journal of
Sports
Sciences,
33(14).
https://doi.org/10.1080/02640414.2014.9929
36
Patton-Lopez, M. M., Manore, M. M., Branscum,
A., Meng, Y., & Wong, S. S. (2018). Changes
in
sport
nutrition
knowledge,
attitudes/beliefs and behaviors following a
two-year sport nutrition education and lifeskills intervention among high school
soccer players. Nutrients, 10(11), 1–22.
https://doi.org/10.3390/nu10111636
Raya-González, J., Scanlan, A. T., Soto-Célix, M.,
Rodríguez-Fernández, A., & Castillo, D.
(2021). Caffeine ingestion improves
performance during fitness tests but does
not alter activity during simulated games
in
professional
basketball
players.
International Journal of Sports Physiology and

Performance,
1–8.
https://doi.org/10.1123/ijspp.2020-0144
Reading, K. J., McCargar, L. J., & Marriage, B. J.
(1999). Adolescent and young adult male
hockey players: nutrition knowledge and
education. Canadian Journal of Dietetic
Practice and Research, 60(3), 166–169.
Rossi, F. E., Landreth, A., Beam, S., Jones, T.,
Norton, L., & Cholewa, J. M. (2017). The
effects of a sports nutrition education
intervention on nutritional status, sport
nutrition knowledge, body composition,
and performance during off season
training in NCAA Division I Baseball
Players. Journal of Sports Science and
Medicine, 16, 60–68. http://www.jssm.org
Sánchez-Díaz, S., Yanci, J., Castillo, D., Scanlan,
A. T., & Raya-González, J. (2020). Effects of
nutrition education interventions in team
sport players. A systematic review.
Nutrients,
12(12),
1–18.
https://doi.org/10.3390/nu12123664
Sánchez-Díaz, S., Yanci, J., Raya-González, J.,
Scanlan, A. T., & Castillo, D. (2021). A
comparison in physical fitness attributes,
physical activity behaviors, nutritional
habits, and nutritional knowledge between
elite male and female youth basketball
players. Frontiers in Psychology, 12.
https://doi.org/10.3389/fpsyg.2021.685203
Shoemaker, M. E., Gillen, Z. M., McKay, B. D.,
Bohannon, N. A., Mendez, A. I., & Cramer,
J. T. (2019). Effects of an online sports
nutrition curriculum on biomarkers of iron
status in youth athletes. Medicine & Science
in Sports & Exercise, 51(Supplement), 892.
https://doi.org/10.1249/01.mss.0000563166.
44129.0e
Turconi, G., Celsa, M., Rezzani, C., Biino, G.,
Sartirana, M. A., & Roggi, C. (2003).
Reliability of a dietary questionnaire on
food habits, eating behaviour and
nutritional knowledge of adolescents.
European Journal of Clinical Nutrition, 57(6),
753–763.
https://doi.org/10.1038/sj.ejcn.1601607
Valliant, M. W., Pittman, H., Wenzel, R. K., &
Garner, B. H. (2012). Nutrition education
by a registered dietitian improves dietary
intake and nutrition knowledge of a NCAA
female volleyball team. Nutrients, 4(6), 506–
516. https://doi.org/10.3390/nu4060506

Citation: European Journal Of Human Movement 2020, 48:4-20 – http:// 10.21134/eurjhm.2022.48.11

Sánchez-Díaz et al.

Wenzel, R. K., Valliant, M. W., Chang, Y., Bomba,
A. K., & Lambert, L. G. (2012). Dietary
assessment and education improve body
composition and diet in NCAA female
volleyball players. Topics in Clinical
Nutrition,
27(1),
67–73.
https://doi.org/10.1097/TIN.0b013e3182462
23b
Wing, C. (2018). In-season strength and power
training considerations for professional
soccer teams competing within national
level
competitions.
Strength
and
Conditioning
Journal,
40(3),
12–22.
https://doi.org/10.1519/SSC.0000000000000
377
Zeng, D., Fang, Z. L., Qin, L., Yu, A. Q., Ren, Y.
bin, Xue, B. Y., Zhou, X., Gao, Z. Y., Ding,
M., An, N., & Wang, Q. R. (2020).
Evaluation for the effects of nutritional
education on Chinese elite male young
soccer players: The application of adjusted
dietary balance index (DBI). Journal of
Exercise Science and Fitness, 18(1), 1–6.
https://doi.org/10.1016/j.jesf.2019.08.004
Zeng, J., Xu, J., Xu, Y., Zhou, W., & Xu, F. (2021).
Effects of 4-week small-sided games vs.
high-intensity interval training with
changes of direction in female collegiate
basketball players. International Journal of
Sports
Science
and
Coaching.
https://doi.org/10.1177/17479541211032739
Ziv, G., & Lidor, R. (2009). Physical attributes,
physiological characteristics, on-court
performances and nutritional strategies of
female and male basketball players. Sports
Medicine,
39(7).
https://doi.org/10.2165/00007256200939070-00003

Citation: European Journal Of Human Movement 2020, 48:4-20 – http:// 10.21134/eurjhm.2022.48.11

