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Abstract
Background: The increase in overweight and obesity in adolescents and its health-related consequences highlight the
need to develop strategies, which could help them adopt healthy eating habits. The objective of this study was to
evaluate the impact of an innovative web-based school nutrition intervention (Team Nutriathlon) aimed at promoting the
consumption of vegetables and fruit (V/F) and milk and alternatives (M/A) in high school students and to identify
facilitators and/or barriers influencing its success.
Methods: Ten classes of first and second year secondary students (grades 7 and 8) from the Québec City region were
randomized into two groups (control n = 89 and intervention n = 193). Participants in the intervention (Team
Nutriathlon) were to increase their consumption of V/F and M/A using an innovative web-based platform, developed
for this study, over 6 weeks. The control group followed the regular school curriculum. The number of servings of V/F
and M/A consumed by students per day was compared between the two groups before, during, immediately after
and 10 weeks after the intervention using a web-based platform. Main outcome measures included V/F and M/A
servings and facilitators and/or barriers of program success. Repeated measures linear fixed effects models were used
to assess the impact of Team Nutriathlon on V/F and M/A consumption. A P-value of <0.05 was considered significant.
Results: Students in the intervention reported a significant increase of 3 servings and 1.8 servings per day of V/F and
M/A, respectively, compared to the control group (P < 0.05); however, this was only observed in the short-term. Some
factors contributing to the success of Team Nutriathlon included the team aspect of the program, use of the
technology and recording results outside of classroom hours.
Conclusion: Team Nutriathlon represents an innovative web-based nutrition program which positively impacts V/F
and M/A consumption among high school students. Using web-based or technological platforms may help youth
adopt healthy eating habits that will have implications later in adulthood; however, further studies are needed to
determine their long-term effects.
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Background
The prevalence of obesity has doubled in the last 30 years
and affects more than one in three children and adolescents in Canada [1]. Obesity has also been associated with
increased physical and psychosocial problems that may
have repercussions later in life [2, 3]. Adolescence is
recognized as a critical period characterized by rapid and
significant growth with high energy requirements [4].
During this period adolescents learn to adopt healthy lifestyles that play a key role in their current and future
health [5]. Although adolescence is synonymous with the
development of autonomy, the environment remains an
important influence on lifestyle habits [5]. This may partly
explain why the dietary habits of adolescents are suboptimal. Among the food groups, a lack of consumption of
vegetables and fruit (V/F) and milk products (M/A) and
alternatives (such as enriched soy beverages) may lead to
suboptimal dietary intakes. According to a Québec survey
on the health of youth, more than 50% of adolescents do
not consume the recommended Canada Food Guide servings for V/F and M/A [6]. Considering that youth attend
school regularly and continuously, and that V/F and
M/A consumption is not optimal in this population,
establishing initiatives targeting V/F and M/A habits
in the youth school environment has great potential
for success.
In addition to possessing high nutrient density, V/F
and M/A may play an important role in childhood obesity treatment and prevention. In a previous study, we observed that among 41 food groups, an increase in whole
fruit and low-fat milk intake appeared to be the two specific groups consistently associated with better weight
control; however, this was observed in adults [7]. Acute
studies have demonstrated that the incorporation of V/F
into children’s meals can decrease energy intake by lowering energy density [8]. One intervention also showed a
beneficial effect of increasing V/F on children’s eating
habits compared to a more restrictive intervention that
included a reduction in fat [9]. This is line with studies
showing that an increase in V/F or dairy products often
results in a concomitant decrease in unhealthy snacks/
foods [10–13]. Furthermore, inverse associations have
been observed between consumption of dairy products
and body weight in children [14]. Thus, a high consumption of these two food groups appears to represent a
useful strategy to prevent or treat obesity.

Several studies confirm that nutrition intervention initiatives in schools offer a promising approach for reaching adolescents and influencing changes in their eating
behaviours [15–20]. More specifically, previous studies
highlight that most efficient intervention to improve VF
in children/adolescents are based on a variety of
approaches, including nutrition education, increased
availability of healthy foods, free or subsidized food programs, environmental changes, and parental involvement
[16, 18, 21]. Although these studies have shown an increase in the consumption of V/F, few have focused on
increasing the variety of these foods, including the
consumption of M/A and engage youth in a specific
behavioural change process.
In line with these observations, our research team recently evaluated the impact of a nutrition program called
“Team Nutriathlon” where the objective was to improve
the consumption and diversification of V/F and M/A in
primary school children by helping them to develop autonomy in the management of a healthy diet [22]. The
implementation of the first version of the program resulted in a significant increase in the consumption of V/
F and M/A in children suggesting a role for nutrition
programs in schools. Although this study used paper
and pencil to record, methods utilizing internet and
game technologies have been increasingly used approaches designed to promote health behaviour changes.
Accordingly, school-based intervention programs which
incorporate technology (e.g. internet use) in obesity prevention in youth have been suggested to influence eating
behaviours and increase the consumption of V/F and M/
A, particularly when integrated into the school environment [23–27]. However, none of these interventions
have included team challenges which support peer influence and motivation as well as a web-based component
combined with a face-to-face regulation process that
supports the development of autonomy in food choices
and may lead to sustained behavioural changes. Therefore, the objective of the present study was to (1) assess
the impact of a web-based version of Team Nutriathlon,
an innovative web-based nutrition intervention, on the
consumption of V/F and M/A and (2) identify facilitators
and/or barriers influencing its success among high
school students. Since adolescents have been raised with
the evolution of technology and are more receptive to
using new tools [28], it was hypothesized that the web-
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based version of Team Nutriathlon would be a practical
way to increase the consumption V/F and M/A in this
population.

Methods
Participants and recruitment

This randomized, clustered intervention was conducted
between 2011 and 2013 and included 10 classes of grades
secondary I and II (grades 7 and 8) from three different
high schools in Québec City, Canada. These classes were
randomized into an intervention (n = 6) or control group
(n = 4). The number of classes and students per class varied
from one school to another. The selected schools were of
medium to high socioeconomic levels according to the
Deprivation Index of the Ministry of Education of Québec.
Schools were recruited on a voluntary basis via email
invitation and sent across the region of Québec.
Teachers interested in participating and whose environment matched the inclusion criteria of the study (i.e. be
a school consisting of at least two secondary I or II classes corresponding to 13 and 14 year-old youth) were invited to contact the leaders of the study. Classes were
randomized to either the intervention (i.e. Team
Nutriathlon) or control (i.e. regular school curriculum)
group. To better control for different school environments and seasonal influences on eating habits, both
groups were randomized in the same school and during
the same season. Because of the efficacy of the intervention in our previous study and to increase the motivation of teachers to participate in the current study,
more participants were included in the current intervention. Only data for which parents and students gave
their consent and assent, respectively, were used for the
compilation and analysis of the results. This study was
approved by the Ethics Committees for Research in
Psychology and Educational Sciences at Université Laval.
Team Nutriathlon intervention

The current study examined the impact of an innovative
web-based version of Team Nutriathlon aimed at improving the quality of each participant’s diet by increasing and
diversifying their consumption of V/F and M/A. The
initial Team Nutriathlon “paper and pencil” version was
designed as an 8-week school-based nutrition intervention
and team challenge [22]. This version was shortened over
a 6-week period and adapted for secondary school
students (13–14 years old) and for compatibility with the
characteristics of the school environment to provide
remote management via an interactive web interface.
Web-based team Nutriathlon platform

The web-based platform was secured by an information
technology specialist who developed a password secured
website to allow online participation by recording the
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daily consumed portions of V/F and M/A. Thus, in
order to participate in Team Nutriathlon, each participant was provided with a USERID and password to
login. The website provided a six-week calendar where
each participant was asked to record, twice a day, their
consumption of V/F and M/A from Monday to Friday.
Specifically, each day on the calendar included two icons
(an apple and a milk carton) representing V/F and M/A,
respectively. By clicking on each of these icons, participants were able to add their servings of the various
foods at each meal (breakfast, morning snack, lunch,
afternoon snack, dinner, and evening snack) which were
divided further into various categories. Thus, V/F and
M/A were separated into colors based on their nutritional density: (1) green (vegetables rich in folic acid
such as broccoli); (2) orange (V/F rich in beta-carotene
such as carrots); (3) purple (vegetables rich in potassium
and folic acid such as red cabbage); (4) yellow (fruits rich
in vitamin C such as oranges); (5) red (fruits rich in potassium and vitamin C such as cranberries); and (6) blue
(M/A rich in calcium and vitamin D including milk,
cheese and yogurt). The web-based Team Nutriathlon
platform automatically calculated the means of V/F and
M/A consumed by each participant. It also allowed the
presentation of “summary reports” which presented the
team totals for the quantity and variety of V/F and M/A
that were recorded and compared these results with the
Team Nutriathlon goals. These summary reports were
essential for the “regulation periods” that were held
every 2 weeks. The web-based platform also indicated
the individual and team symbolic prizes that were attributed to participants at the end of the program.
Although Team Nutriathlon is not a theory-based intervention, it includes key behaviour change techniques
related to self-determination models. These include goal
settings, providing feedback, identifying barriers and
solutions, reinforcement and social support [29] which
can positively influence one’s extrinsic and intrinisic motivation, a strong determinant of the adoption of healthy
eating habits. Team Nutriathlon was also aimed at promoting the development of the students’ autonomy which
means to promote their decision-making and control over
their behaviors relating to their food choices. Development of autonomy fostered by the Team Nutriathlon is
one important element of the self-determination theory
[30] and has been associated with the adoption of healthy
eating behaviors [31]. The regulation periods aimed to improve student’s autonomy allowed them to self-manage
their progress toward individual and team objectives.
More specifically, it provided time for students to reflect
on their recent V/F and M/A consumption, to analyze
their progress and to find individual- and team-based
strategies to help them increase their servings in the
following weeks. In this context, Team Nutriathlon,
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although not a theory-based intervention, appears to promote key components of the self-determination theory
such as competence and autonomy [30].
Since the program was geared towards the development of
autonomy, students decided when to use the platform; however, teachers also invited them to access two 5-min periods
during the day to record their information. Furthermore, although parents were not directly involved, materials such as
pamphlets describing the details of Nutriathlon and its goals
were shared with them. Participants were also able to request
purchasing V/F and M/A from the various food categories
from their parents.
Implementation phases of team Nutriathlon

The implementation of Team Nutriathlon consisted of
three distinct phases including the preparatory, implementation and balance sheet phases. During the preparatory phase, the program co-ordinator provided
training and instruction to teachers on the implementation and execution of the web-based program modalities.
In line with the competence of “adopting a healthy and
active lifestyle” from the Québec Education Program
[32], they also learned how to help Nutriathlon participants apply various strategies to reach Team Nutriathlon
individual and team goals. A program implementation
guide was provided to each teacher to help identify tasks
related to the program.
During the six-week implementation phase, students
were encouraged to increase their consumption of V/F
and M/A in order to satisfy the individual and team requirements of Team Nutriathlon. In the individual component, students were challenged to reach an average
daily consumption of the recommended servings of V/F
(6 servings/day) and M/A (3 servings/day) based on
Canada’s Food Guide by age group [33]. In the team
component, comprising of three to five students, success
depended on two important factors including the “quantity” and “variety” of the foods eaten. For the “quantity”
team goal, team members must have accumulated, after
6 weeks, a total number of portions of V/F and M/A,
which varied by number of participants in the team. To
reach the “variety” team goal, this consumption must
have been equally distributed into the six categories of
foods associated with colors. The aim of the “variety”
goal was to increase the likelihood that students would
taste new foods during the program. The individual
goals required students to attain a specific “quantity” of
servings and team goals were based on both “quantity”
of intake and “variety”. Follow-ups, also known as “regulation periods”, were planned after the second, fourth
and 6 weeks of Team Nutriathlon in order to specifically
develop the autonomy of youth regarding their food
choices. Regulation periods are based on an analysis of
summary reports provided by the website. The summary
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report includes two-week cumulative intakes of V/F and
M/A servings for each student and team (week 2 = mean
of weeks 1 and 2; week 4 = mean of weeks 3 and 4, etc.)
and indicates the students and teams that attained the
goals. During the regulation periods, students analyzed
their consumption over the previous 2 weeks, the effectiveness of their strategies and planned new strategies
that enabled them to adjust their consumption to better
meet the requirements of Team Nutriathlon with the
help of their teachers.
Finally, during the last regulation period (seventh week),
a final phase was organized by the project managers in
order to determine the final results of the 6-week changes
in the consumption of V/F and M/A of students and to
provide a balance sheet. During this phase, individuals and
teams were provided with symbolic prizes on the website
and were characterized into “Goûteur” (taster) for reaching the individual goals based on the “quantity” and into
“Gastronome” (1st place); “Gourmet” (2nd place) “Dégustateur” (3rd place) for reaching team goals based on the
“quantity” or “variety” of foods consumed.
Control group

The control group was not exposed to the Nutriathlon
challenge objectives (i.e. no team) or Nutriathlon website
access. They were only exposed to the usual school
curriculum which did not include a specific nutrition program. Throughout the study, participants had access to a
plain website in order to record their consumption of V/F
and M/A at specific periods. It should be noted that the
data collection on the web-based platform for the control
group in no way referred to Team Nutriathlon. In addition,
to reduce the emphasis on V/F, M/A, eating behaviours
and body weight, the research objective that was presented
to the participants was “to explore the effects of different
lifestyle interventions on health and well-being”.
Data collection
Quantitative data

Quantitative data was collected to compare the consumption
of V/F and M/A among students participating in Team
Nutriathlon and the control group. Each group underwent
an initial evaluation period (week 0, pre-) where baseline
consumption of V/F and M/A using a plain web-based
platform was obtained without referring to Team
Nutriathlon in any way. With the assistance of a study coordinator, teachers explained to students the concept of
servings and modalities on how to use the web-based
platform. Anthropometric measurements were taken during
the first week of data collection. Participants were weighed
using a bioimpedance balance and height was measured
using a stadiometer by the study co-ordinator. Overweight/
obesity was determined using BMI z-scores according to the
criteria of the World Health Organization [34].

Chamberland et al. International Journal of Behavioral Nutrition and Physical Activity (2017) 14:140

Following this initial evaluation, the experimental group
participated in Team Nutriathlon while the control group
was exposed to the usual school curriculum program. Consumption of V/F and M/A during the intervention was collected using the Team Nutriathlon web-based platform daily
during a six-week period (Monday to Friday) for the intervention and at two different times for the control group on
the plain web-based platform (weeks 3 and 5, Monday to Friday). Consumption of V/F and M/A after Team Nutriathlon
(week 9, post-1) and 10 weeks after the end of the program
(week 17, post-2) was also obtained on a plain web-based
platform. It is important to note that the web-based platform
used for collecting pre- and post-consumption data of V/F
and M/A for both groups and during the study for the control group was similar to the Team Nutriathlon web-based
platform, but did not include any information or references
on Team Nutriathlon procedures. Anthropometric measurements were also taken at the end of Team Nutriathlon (post1). Finally, although the intervention was 6 weeks, the post-1
assessment period was postponed until week 9 due to a 1
week spring break. The research protocol is shown in Fig. 1.
Qualitative data

The semi-structured group interview method was conducted among a subgroup of students to document the barriers and facilitators related to program success. Qualitative
data were collected using a grid adapted to the interview
with students. This grid contained 12 open-ended questions
on five different themes: barriers and facilitators to the success of Team Nutriathlon, motivation, perception of results,
appreciation and future benefits (Table 1). All interviews
were conducted only in the intervention group. Among the
intervention groups, four Nutriathlon teams were included
and selected on the basis of their Team Nutriathlon performance (i.e. the two teams who performed the best and
two teams who performed poorly). Their performance was
evaluated based on their final summary reports. These
interviews were conducted with the teams (four to five
students per interview) by one research assistant trained in
the analysis of qualitative studies. In these interviews,
barriers and facilitators related to the success of the
program were discussed with open-ended questions.
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Statistical analyses

Statistical analyses were performed using JMP analysis
software (JMP 7.0, SAS Institute, Cary, NC, USA). The
sample size was calculated based on our previous studies
to detect significant differences in consumption of V/F of
0.5 servings per day with an alpha level of 0.01 and a
power (1-β error probability) of 0.90. For the quantitative
data analysis, the primary variable was the daily servings
of V/F and M/A consumed as reported by youth on the
web-based platform. The repeated measures linear fixed
effects models were used to assess the impact of Team
Nutriathlon (independent variable) on the consumption of
V/F and M/A (dependent variable). These analyses took
the clustering randomization effect into account using the
fixed effects model (i.e. random effect for classes). TukeyKramer’s post hoc test was performed to determine
between-group differences at each time. In the analysis,
results with greater than 15 portions of V/F (n = 23%
female, 96% intervention) and 10 servings of M/A (n = 9%
female, 100% intervention) were excluded since their
values were greater than twice the standard deviation.
Body weight and BMI z-scores were analyzed using the
Student’s t-test for paired samples to assess the weight
status of students before and after Team Nutriathlon. The
data were reported by means ± standard deviation and a
P-value of <0.05 was considered significant.
Analysis of the interviews was done using the manual content analysis method and the open-content analysis model
[35]. According to L’Ecuyer (1990), three steps are essential
to achieving a content analysis: a) preliminary reading and
establishment of a list of statements; b) choice and definition
of the classification units; and c) a categorization process.
Verbatim transcripts of each of the four interviews were
therefore necessary. The content analysis resulted in six categories: Nutriathlon logistics, student’s Team Nutriathlon
perceptions, factors that facilitate or inhibit the success of
Nutriathlon, impact of Team Nutriathlon on students and
their families, student engagement during Team Nutriathlon
and student’s future involvement in the program. Analysis of
the information collected from students was carried out by a
research professional qualified in qualitative analysis
methods. To ensure scientific validity, another research

Fig. 1 Research protocol (AM: Anthropometric measures; RP: Regulation Periods; SR: Summary Reports). Consumption of V/F and M/A were
collected for all participants at pre-test, weeks 3 and 5, Post-1 and Post-2. Anthropometric measures were taken at pre-test and Post-1
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Table 1 Interview questions for students containing 12
open-ended questions on five different themes
Theme 1: Barriers and Facilitators
Question 1

In your opinion, what facilitated (people, environment,
personal skills, etc.) your success in Nutriathlon? How
did these things help you? What did your teacher
to do to facilitate success?

Question 2

In your opinion, what inhibited (people, environment,
personal skills, etc.) your success in Nutriathlon? How
did these things keep you from successfully achieving
your goal? How did you manage to overcome these
obstacles? How did your teacher help you overcome
these obstacles?

Fig. 2 Total number of classes and participants in the intervention
and control groups

Theme 2: Motivation
Question 3

What influenced you to get involved in Nutriathlon?

Question 4

What prevented you from getting involved in
Nutriathlon?

Question 5

How did you motivate yourself? What did your teacher
do to motivate you?

Theme 3: Perception of Results
Question 6

Did you learn something in the area of physical activity/
nutrition?

Question 7

Are there tips/strategies that you will remember in the
future to help you do physical activity and/or consume
V/F and M/A?

Theme 4: Appreciation
Question 8

What did you like in Nutriathlon? (e.g. activities, time
and effort required, level of difficulty, teammates, etc.)

Question 9

What did you not like in Nutriathlon? (e.g. activities,
time and effort required, level of difficulty,
teammates, etc.)

Question 10 Would you want to redo Nutriathlon if you had the
chance? Why?
Theme 5: The Future
Question 11 Following Nutriathlon, do you think it is important
to do physical activity and/or eat V/F and M/A?
Question 12 Following Nutriathlon, do you feel like doing physical
activity and/or eating V/F and M/A? If so, do you think
you will be able to?

professional also qualified in qualitative analyses external to
the project also repeated the analyses in order to confirm the
categories resulting from the content analysis. Subsequently,
the two professionals met to discuss the results and form a
consensus.

Results
A total of 282 students (61% female) participated in the
study with 193 students (62% female) in the intervention
and 89 students (58% female) in the control group
(Figure 2). Initially, 42 students (18%) were overweight
(48% female, 67% intervention) and 25 (11%) students were
obese (64% female, 68% intervention). No significant differences were observed between groups at baseline (pre-test,
Table 2). Moreover, body weight change (post-1-baseline)
was not significantly different between the intervention and

control groups (1.3 ± 1.9 kg vs 1.1 ± 1.9 kg, P = 0.37,
respectively). Similar results were observed for changes in
BMI z-scores (−0.09 ± 0.02 kg for the intervention group
and −0.04 ± 0.03 kg for the control group, P = 0.12).

Impact of team Nutriathlon on the consumption of V/F
and M/a

At baseline (pre-test), there were no significant differences
between the control and intervention groups on the consumption of V/F and M/A (Figure 3). An effect of time,
group and an interaction (time x condition) was observed
for the consumption of V/F (F = 17.8, P < 0.0001, F = 12.6,
P = 0.01 and 6.6. P < 0.0001, respectively) and M/A
(F = 12.80, P < 0.0001, F = 22.99, P = 0.002 and 9.8,
P < 0.0001, respectively). At weeks three and five and at the
end of Nutriathlon (post-1), the intervention group reported a higher consumption of V/F and M/A compared to
the control group (Figure 3). In contrast, 10 weeks after the
end of the intervention (post-2), there were no significant
differences in the consumption of V/F (P = 0.64) and M/A
(P = 0.40) between the intervention and control groups.
Table 2 Baseline participant characteristics
Group
Age

Intervention (n = 193)

Control (n = 89)

13.7 ± 0.9

13.4 ± 0.8

Weight (kg)

54.0 ± 12.5

52.7 ± 12.9

BMI z-scoresa

0.4 ± 0.1

0.4 ± 0.1

Female (%)

62

58

Male (%)

38

42

Overweight (%)

17

19

Obese (%)b

10

11

b

a

38 students (53% female; 71% intervention) had missing data for weight.
Analyses of data related to BMI are based on information from 244 students
(62% female, 68% intervention)
b
45 students (53% female, 69% intervention) had missing data for weight
(n = 38) or age (n = 7). Analyses of data related to overweight and obesity
percentages are based on information from 237 students (62% female,
68% intervention)
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a

b

Fig. 3 A comparison of intervention (Team Nutriathlon) and control groups on the consumption of (a) V/F and (b) M/A for the different data
collection periods (W = week). *Significant differences between the intervention and control groups (V/F: W5 P = 0.0002; Post-1 P = 0.002 and M/A: W3
P = 0.0005; W5 P < 0.0001; Post-1 P < 0.0001, respectively). #Trend for a difference between the intervention and control groups (V/F: W3 P = 0.08)

Moreover, there was no effect of sex on the consumption
of V/F and M/A (P < 0.48; data not shown).
The consumption of V/F between the pre-test and
post-1 was increased to 0.39 servings for the control and
3.4 for the intervention group. Students in the intervention group consumed on average 6.4 daily servings of V/
F while the control group consumed an average of 3.7
servings at the end of the intervention (post-1).
Milk and alternative consumption between the pre-test
and post-1 was increased to 0.14 servings in the control
and 1.9 servings in the intervention group. Students in the
intervention group consumed an average of 3.5 daily servings while the control group consumed an average of 1.6
servings per day after the intervention (post-1).

to record the consumed servings of V/F and M/A on the
web-based platform. Moreover, to encourage students to
participate in Team Nutriathlon, teachers helped students achieve their goals by providing tips to increase
their consumption of V/F and M/A. Some strategies
provided to students during the “regulation periods” also
came from the research team, other students and/or
parents. Several students mentioned the importance of
parental input during the program. Moreover, parents
were involved in different ways with the adolescents by
encouraging them to eat more V/F and M/A, reminding
them to note their results on the website, increasing the
amount of V/F during meals at home and in lunch boxes
and buying more healthy foods at the grocery store.

Facilitators and barriers to success in team Nutriathlon
perceived by students

Table 3 Facilitators and barriers contributing to the success of
Team Nutriathlon according to students

During interviews, students identified factors facilitating
the success of the program (Table 3). Because Nutriathlon promotes teamwork, it has been identified as a good
strategy to encourage program participation. For the majority of students, the involvement of teachers proved to
be a facilitating factor because they reminded students

Facilitators
• Entering data on a
web-based platform
• Team aspect of the program
• Involving teachers
• Obtaining strategies
• Family environment

Barriers
• Lack of attendance for recording
data on the website
• Technological aspects (dysfunction
of the user code and incompatibility
with other technological tools)
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As for barriers to the success of Team Nutriathlon two
major themes emerged: one related to “attendance” and the
other to the “technological aspect”. Attendance at school
for entering data on the website was identified as one important factor influencing success of the program. Some
students experienced difficulty in attendance for completing their compilation sheets on the web-based platform.
Several students struggled to take responsibility outside of
school hours to record their data. Barriers related with the
“technological aspect” included problems with personal
code entry which provided access to the Team Nutriathlon
website and incompatibility of the web-based platform with
some devices such as the tablet.

Discussion
This study aimed to evaluate the impact of an innovative
web-based school nutrition intervention (i.e. Team
Nutriathlon) on the consumption of V/F and M/A in high
school students, a population where there is a need to improve eating habits and develop nutrition programs. The
results of this study suggest that Team Nutriathlon is a
promising strategy that promotes the consumption of V/F
and M/A in this population, at least in the short-term.
Quantitative results confirmed the positive impact of
Team Nutriathlon among youth by the significant increase
observed in the consumption of V/F and M/A in the intervention group at weeks 3, 5 and 9 (post-1) even though
consumption returned to initial levels 10 weeks after the
intervention (post-2). Similarly, several studies have documented the effectiveness of school-based interventions in
increasing the consumption of V/F in youth in the shortterm [15–20]. In a systematic review on school-based interventions aimed at promoting V/F intake among children and adolescents, 10 out of 15 studies demonstrated
an increase in V/F consumed from 0.3 to 1 serving/day for
the intervention groups [18]. However, Team Nutriathlon
observed an additional average 2.7 servings of V/F consumed per day which represents a 53% increase in V/F
consumption between pre- and post-1 for the intervention
group suggesting a significant impact of the web-based
version of this program. Of note, the majority of the previously cited studies are interventions focusing on nutrition
education and environmental change while the emphasis
of Team Nutriathlon is on the modification of behaviour
and development of skills, which may also explain the
positive results observed.
As indicated earlier, the effectiveness of school-based interventions targeting M/A consumption is less documented
than V/F. The short-term effectiveness of an intervention
that encouraged consumption of a specific number of M/A
servings in children compared to a control group [36] and
the inclusion of nutrition education interventions in the
school curriculum has been suggested to be beneficial in increasing M/A [37]. Studies on interventions encouraging
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M/A consumption in a healthy eating environment have
achieved significant results and represent an increase by
one serving a day which is similar to our results (two servings more for the intervention group following Team
Nutriathlon) [38].
Team Nutriathlon participants identified various factors facilitating the success of the program. Students
suggested that the use of technology (i.e. web-based platform) in the framework of this program facilitated its
implementation. A meta-analysis of interventions using
computer technology in the form of computer games
that increase motivation in youth was shown to be effective in increasing the consumption of V/F [21] and
may be an effective way to encourage students to change
and adopt behavior that may be beneficial to their health
[39]. These results are not surprising considering that
youth learn more by using a fun platform. The majority
of students who participated in Team Nutriathlon found
it simple and appreciated being “part of a team”. Moreover, teachers and peer support also contributed to the
success of Team Nutriathlon. Several studies have found
that social dynamics are a key element to the adoption
of healthy lifestyles [40–42] and the involvement of
teachers and peers encourage the consumption of V/F
and M/A in youth [43]. The family environment was another facilitating factor important for students and has
been shown to positively impact eating habits [44–47].
Parents, through their influence on food accessibility
[48, 49], support and being a role model [49, 50] may
directly influence the consumption of certain foods.
Throughout the duration of Team Nutriathlon, students
were introduced to strategies that enabled them to more
easily achieve their goals. In our study, students reported
that the strategies provided by teachers, parents, researchers and those discovered by themselves were factors facilitating the consumption of V/F and M/A.
Developing strategies or “practical skills” (e.g. adding
more V/F in the lunch box) and obtaining support from
teachers and parents would allow students to increase
their V/F consumption [51].
Students also identified some barriers to the success of
Team Nutriathlon. First, students did not find it convenient to use the platform to enter their consumption of V/F
and M/A outside of school hours. This may have been
due to a lack of motivation or because students were not
in the school environment. Second, students identified
technical difficulties with the use of the user code and incompatibility of the platform with certain technological
tools such as tablets. However, these latter factors
remained out of the control of students and should be
modified and considered further in the continuation of
this research and other web-based intervention studies.
Although the long-term impact of this type of intervention on the health and behavior of young adolescents is

Chamberland et al. International Journal of Behavioral Nutrition and Physical Activity (2017) 14:140

difficult to assess, our study shed some light on the shortterm beneficial effects of a program that promotes the
adoption of healthy eating habits. Some factors may partly
explain the impact of Team Nutriathlon in the longer term.
Participation in a team was a factor facilitating engagement
in the program and peer and/or teacher support were important elements in increasing the consumption of V/F and
M/A. Thus, the little access to the support of peers and
teachers after completion of the program may have contributed to the decrease in consumption 10 weeks after. A second factor was the lack of follow-up with participants after
the intervention. Frequent contact with the participants has
been suggested to ensure success of a program [52]. Since
the daily monitoring and control periods offered by
teachers and the research team had ended after Team
Nutriathlon, students found themselves in a less structured
environment and it was more difficult for them to continue.
Finally, it is possible that the duration of Team Nutriathlon
was not long enough to change behavior. Because of the
high-school agenda, Team Nutriathlon was implemented
over a 6-week period, which is less than the original 8-week
period that was found to be effective in younger children in
the short and longer terms (10 weeks post) [22]. Since the
proportion of different weight categories of the participants
in this study was consistent with Canadian population statistics, weight issues less likely to explain the results of the
study. More research is needed to establish a significant link
between the decrease in consumption of V/F and M/A
10 weeks after the end of Team Nutriathlon and the various factors discussed.
This study has several strengths. First, the large mixed
sample increases the generalizability of the results. The inclusion of a mixed methodology (quantitative and qualitative measurements) highlights both the impact of Team
Nutriathlon on V/F and M/A consumption and student
perceptions. This study was therefore able to identify the
facilitating factors and barriers perceived by students to
adopt healthy habits as part of a school nutrition intervention. Accordingly, it is mainly an extracurricular program,
which means that it takes minimal class time to implement (about 4 h for a 6-week period). It also requires minimal human resources such as one coordinator to enter
the team’s name and give a password to each student and
a teacher to introduce the Team Nutriathlon at the beginning and supervise the “regulation periods”. Even though
the Team Nutriathlon is not a multi-level intervention (i.e.
targets not only the individual, but also the environment),
it could well be integrated into a school setting that has
implemented a nutrition education program in the curriculum or increased the availability of V/F and M/A in
their environment. It is also important to highlight that
Team Nutriathlon focuses on modifying a single behaviour (i.e. eating habits such as V/F and M/A consumption). Although this has not been extensively studied, this
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approach has been suggested to be more effective compared to interventions that focus on changing multiple behaviours [53]. Finally, the innovative aspect of this
intervention stems from the combination of a team challenge and a web-based component combined with faceto-face interactions that include regulation periods, with
the goal of developing autonomy in food choices.
This study is not without some limitations. The program
was carried out in schools where it is difficult to analyze the
long-term results due to school holidays, changes in the cohort of students every year and departure of some students.
Second, the results are not generalizable to all high school
students, particularly those with low socio-economic statuses, since the study was conducted in a population of
high school students from relatively high socio-economic
backgrounds. Third, participation in Team Nutriathlon on
a voluntary basis may lead to possible bias already present
related to the motivation of students and teachers of the
schools involved in the project. Although the level of motivation was not measured in this study, it is clear that this
factor could influence the success of the Nutriathlon. This
has been highlighted in Team Pentathlon, the physical activity version of the Nutriathlon program [54]. A higher
level of motivation among teachers participating in this
study could be due to different factors such a better knowledge of nutrition and health and/or personal beliefs. Future
studies may include implementation of training programs
in schools aimed to increase the level of motivation or influence beliefs related to these behaviours. Fourth, as the
servings of V/F and M/A consumed were self-reported by
students, social desirability may have influenced their consumption. Students may be encouraged to include more
portions of V/F and M/A than actually consumed, because
they are aware that this is what is best for their health; however, it is difficult to control this bias. Fifth, due to budgetary constraints and the design of the study, this project did
not include process evaluation which is essential for capturing what is delivered and how it is carried out in practice,
in comparison to the planned theoretical intervention. This
process also allows one to know which adaptations have
been made in order to fit the intervention into different
contexts and determine its impact on the outcomes. However, in the context of the present study, a step-by-step
guide was provided to each teacher to help them
standardize the implementation of Nutriathlon and thus,
increase intervention fidelity. Moreover, information on
participant compliance was available. Students were encouraged to access the platform 80% of the time (4 out of
5 days). This information was available to teachers throughout the intervention period allowing them to encourage
students that were less using the platform (less than 80% of
the time). Finally, because dietary intakes were not assessed
using 24-h food recalls or direct observations, it was not
possible to document if V/F and M/A changed the overall
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diet quality. Nevertheless, because no differences in z-BMI
scores were observed, it may be hypothesized that the increase in V/F and M/A did not result in an increase in total
energy intake over the course of the study. One possible explanation is that the increase in V/F and M/A may have
helped to decrease the consumption of unhealthy snacks.
This is supported by our previous study demonstrating that
the implementation of Team Nutriathlon in primary
schools result in an increase in V/F and M/A at snack time
[22], and by other results showing that the introduction of
a V\F program in schools is associated with a decrease in
the consumption of unhealthy snacks [10, 11, 13]. Together,
these results indicate that Team Nutriathlon increases the
consumption of V/F and M/A more specifically between
meals which may help to decrease the consumption of less
healthy foods.
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Conclusion
In conclusion, this study indicates that Team Nutriathlon
is an innovative web-based nutrition program which positively impacts V/F and M/A consumption among high
school students, at least in the short term. Web-based
technologies favouring the development of autonomy in
food choice seems thus to represent an interesting avenue
to promote healthy eating in adolescents. Although educational institutions are a good choice for implementing
web-based intervention in youth, it may be relevant to
implement Team Nutriathlon in other types of environments popular among youth including summer camps or
daycare. Furthermore, using web-based or technological
platforms may help youth adopt healthy eating habits that
will have implications later in adulthood; however, further
studies are needed to determine their long-term effects.
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