
Adequate dietary habits and physical activity during child-
hood and adolescence may promote growth and cognitive 

development and contribute to the prevention of chronic disease 
in later life [1-3]. As part of prophylactic treatment and in an 
effort to decrease obesity in children and adolescents, the Israeli 
Ministry of Health published guidelines for child and adolescent 
nutrition, which is available to the public, on the Ministry of 
Health website [4]. These recommendations resemble the Eu-
ropean dietary recommendations [1-3]. These recommendations 
include mainly eating a light breakfast, reducing snacks and fast 
food, restricting consumption of soft drinks, and preferring wa-
ter over other drinks. The guidelines also recommend preferring 
homemade to prepared food, consumption of fruits and vegeta-
bles (at least five portions daily), sports activity for at least one 
hour daily, and consumption of milk products to maintain bone 
and teeth health [4].

School is considered an important social environment where 
healthy eating habits and healthy behavior can be promoted 
[5,6]. Factors that may affect children's eating habits include 
the presence of vending machines and the existence of nutrition 
education classes [2]. Previous studies examining the effect of 
school-based interventions on eating habits and physical activ-
ity, as well as on knowledge of nutrition, mainly focused on 
young children from low socioeconomic classes [1,7,8]. Only 
limited studies have been performed in adolescents on the ef-
fects of interventions on diet and physical activity [1]. A large 
systematic review reported six studies that used classroom-based 
educational interventions ranging from one day to 4 months [9-
14], two studies that used environmental modifications lasting 
up to 2 years [15,16], and five studies that used a combination 
of these two components [1].

We aimed to study the effect of combined interventions on 
nutritional habits, nutritional knowledge, and physical activity 
in adolescents. These interventions included educational lec-
tures, one sport-days, and installation of vending machines con-
taining milk products at school.



We distributed anonymous questionnaires (supplementary 
electronic material 1) at the beginning of the academic year to 
students attending grades 8–11 at one high school. All ques-
tionnaires were distributed in the classrooms during the second 
school hour (between 9:00 and 10:00) by one of the study initi-
ators with the teacher present. We allowed 45 minutes for com-
pletion. The questionnaire was composed of multiple-choice 
questions, open questions, tables containing values to be 

questions regarding nutrition education and knowledge, eating 
habits, physical activity, recreational activities that do not entail 
physical activity, and demographic data. Similar questionnaires 
were previously used by the Ministry of Health for studies in 
school-aged children. 

The participating school, located in central Israel in an area 
with a population of low to medium socioeconomic, was select-
ed after screening other institutions. This choice was due in part 
to the best cooperative potential of the school staff. The school 
has a cafeteria selling pastries, sandwiches, and sweets, as well as 
vending machines including cold juices, sodas, and water. After 
completing the questionnaires, two vending machines containing 
milk products of up to 5% fat (milk in cartons, chocolate milk, 
soft cheeses, and fruit-based and plain yogurts) were installed at 
the school facility, thus offering an option of purchasing food in 
addition to the pre-existing cafeteria. The price of the milk prod-
ucts in the vending machine was lower by 30% compared to their 
regular price. The installation of the new vending machines was 
published by the teachers and on the school board during the first 
month of school, so all students were aware of their presence. The 
choice of milk products was based on the importance of calcium 
consumption for bone formation during adolescence, and on the 
absence of such products in the school cafeteria. 

During the academic year, the participating classes were giv-
en two informative 60-minute lectures by an expert pediatric 
dietitian about appropriate nutrition in general and nutritional 
needs specifically during adolescence, including the importance 
of consuming foods containing calcium and physical activity. 
The first lecture was given at the third month and the second at 
the eight months of the academic year. In addition, each class 
participated in one sports day during the year, which included 
demonstrations of various ways to increase physical activity.

At the beginning of the following school year, the same ques-
tionnaires were distributed to the same students and the results 
were entered into a computerized database file. We chose to 
re-distribute the questionnaires at the beginning of the following 
year and not immediately after completion of the intervention, 
to examine a longer effect of the intervention. To simply the 
analysis, the answers for each of the 26 questions were grouped 
into 2 to 4 categories (supplementary electronic material 2).

Categorical variables and their correlations were analyzed using 
the chi-square test or Fisher's exact test when necessary, and were 
used to assess changes in various behaviors following the inter-
vention. Continuous variables were analyzed via the two-tailed 
student -test for comparison between means. Statistical analyses 
were performed using IBM Statistical Package for the Social Sci-
ences statistics software, version 23 (SPSS, IBM Corp, Armonk, 
NY, USA) and by SAS 9.4 software (SAS Institute Inc., Cary, NC, 
USA). A two-tailed  < 0.05 was deemed statistically significant. 

The study was approved by the local institutional review board. 
The parents and students were notified by the school about the 
study and if objecting participation the student did not fulfill 
the questionnaire. Agreement to complete the questionnaire was 
regarded as assent. 

Three hundred and thirty (330) students in 8th–11th grades 
completed the study questionnaires in September 2014, 53 % 
males. In September 2015, 317 students (46% males) completed 
the second questionnaire. Gender was not reported by 18 stu-
dents prior and 22 students after the intervention.

Thirteen missing students in September 2015 were not 
present at school on the day the questionnaire was distributed. 
The mean age was 15.1 ± 1.39 years, 94% were born in Israel, 
2.4% were single children, 77.3% had 1–3 siblings, and 20.3% 
more than 3 siblings. The response rate to the questionnaire 
was 83.6% ± 0.4% to multiple choice questions, 60.7% ± 0.5% 
to questions with multiple section tables, and 80.3% ± 0.9%to 
open questions. 

The proportion of students that reported eating breakfast before 
= 

0.02, after the intervention. Purchasing food at school 1–4 times a 
-

dents ( = 0.03) and the proportion that reported not purchasing at 
= 0.03). 

= 0.003 [Figure 1].
Almost all students consumed water and one milk product 

-
= 0.323 and 

= 0.467, respectively. The proportion of students who reported 
consuming at least three servings daily of dairy products (as rec-
ommended by the American Academy of pediatrics [17] and by 
the Israeli Pediatric Association [18] was similar before and after 

= 1.0). 



Knowledge of the role that calcium plays during adolescence 
did not improve after the intervention. The number of students 
who correctly answered that calcium is essential for bone for-
mation and that calcium consumption is important at all ages 

 < 0.001, 
 < 0.001, re-

spectively. Similarly, the number of children stating that it is not 

= 0.005. However, among those 
-

standing of the recommended consumption improved: > 3 daily 
= 0.003, and > 

 < 0.001).

A decrease in the proportion of children performing sport activ-
ities was observed after the intervention, both at school (95.7% 

= 0.01) and outside school 
 = 0.03). We found no 

significant change in the proportion of children who reported 

 = 0.11). Among those performing sports or 

recreational activities, no change was reported in the frequency 
or duration of the activities after the intervention.

Opinions regarding the need for health education as part of 
the school program and the rate of satisfaction with the time 
dedicated to nutritional education at school did not change after 
the intervention. 

We quantified the impact of a school-based intervention with 
multiple components on the nutritional habits of adolescents 
aged 13–18 years. The main changes observed were a decrease 
in sweet beverage consumption by 12%, an increase in the hab-
it of eating breakfast by 9%, and a preference of food brought 
from home over purchasing food at school. The interventions 
we used were both passive (installation of milk product vending 
machines) and active (lectures on nutrition and a sports day). 
The study was not designed to rank the interventions.

Previous studies involving young children in Israel demon-
strated that the school system, at least elementary school, might 
be a good platform to implement programs to treat and pre-
vent childhood obesity [19,20]. Publications on interventional 
studies aimed to promote healthy lifestyle in adolescents are 
limited and the outcomes are variable. Cauwenberghe et al. 



[1] reviewed the European literature on the effectiveness of 
school-based interventions conducted between 1990 and 2007 
to promote a healthy diet in children (6–12 years old, 29 studies) 
and in adolescents (13–18 years old, 13 studies). Most of the 
studies on adolescents were performed in the United Kingdom. 
The components of the interventions were conducted at school 
facilities. School-based intervention included educational activ-
ities (classroom-based activities in six studies) and environmen-
tal programs (increased availability and accessibility of healthy 
foods, subscription or distribution programs, modifications of 
school lunch, and incentives) in two programs and a combina-
tion of these components in five studies [1]. The duration of 
the interventions varied from 1 week to 2 years. The dietary 
behaviors addressed included fruit and vegetable consumption 
in two studies and water and soft drinks in one study. Other 
studies addressed multiple behaviors. In the study that examined 
water and soft drinks behavior, free cooled filtered water was 
provided. Although water consumption increased, the volume 
of soft drinks purchased by students remained constant after the 
intervention [21]. Another study reported that dietary intake be-
came healthier and weight gain declined following the serving 
of breakfast in a lower socioeconomic secondary school [22]. 

Although all the studies included in those reviews were out-
come assessments, only four studies on adolescents conducted a 
follow-up measurement after the intervention period had ended. 
Two of these studies used questionnaires, similarly to ours, to 
evaluate the effect prior and post intervention on students. One 
study assessed healthy eating behavior and knowledge in seventh 
grade students prior to, and 5 and 12 months after, the initiation of 
the nutrition program [11]. Another study evaluated implementa-
tion and impact of "Students' Enterprises for Healthy Nutrition", 
in which students offer healthy food to their school mates [15].

The results of the meta-analysis indicated moderate evi-
dence for the effect of education-only interventions on dietary 
intake, and limited evidence for the effect of multi-component 
programs on dietary behavior. Our study has some similarities 
with the aforementioned studies: the installation of vending ma-
chines with low-priced milk products increased the availability 
and accessibility of calcium and protein consumption, similar 
to studies that increased availability of healthy foods as an in-
tervention [21]. The educational interventions we performed 
differed from other studies. We used both frontal lectures and 
an active sports day to increase healthy behavior while other 
studies used a social student group intervention, behavioral 

a change in school's nutrition education curriculum. Notably, a 
web-based nutrition intervention aimed at promoting consump-
tion of vegetables, fruits, and milk products by secondary high 
school students in Canada [23] showed an increase in the inter-
vention group. However, 10 weeks after the end of the interven-
tion, consumption levels returned to the initial levels, and did 
not differ significantly from those of the control group. 

Unexpected results of our study include the decrease of nu-
tritional knowledge regarding the importance of calcium intake 
and to the negative change on the performance of sports activ-
ities. One explanation may be the distribution of the second 
questionnaire after the summer break, at the beginning of the 
academic year. We chose this time point to avoid a short-term 
over estimation of the intervention influence. Yet, this delay 
might have resulted in the decrease in knowledge. The decrease 
in sports activity may also be a part of the adjustment to the be-
ginning of the academic year. Indeed, if the interventions of ed-
ucational lectures and the performance of sport-days were made 
more frequently during the academic year and also during the 
summer break, the results might have been different.

Our study is unique in addressing knowledge and dietary 
behavior regarding milk and calcium consumption and in as-
sessing physical and recreational activities. We found a mild 
to moderate effect of the combination of both educational and 
environmental components on dietary behavior. However, the 
environmental (sports day) and educational components had no 
impact on performance at sports and recreational activities. In 
a systematic review and meta-analysis aiming to quantify the 
impact of school-based interventions on fruit and vegetable in-
take in children aged 5–12 years, Evans and collaborators [24] 
reported mild to moderate improvement. These results are in 
line with our study, in which moderate improvement in dietary 
behavior was achieved. 

The lack of effect of the intervention on the consumption of 
milk products may have several explanations: First, beliefs about 
harmful effects of milk are common in the media and may have 
influenced the participants [25]. We cannot estimate such effect 
as our questionnaire included items regarding allergies and intol-
erance to milk, but not beliefs about milk. Second, milk products 
may have been considered as snacks and not a meal, and may have 
been still be more expensive than other snacks. Third, the impor-
tance of calcium intake might be conceived as related to older age 
complications, and therefore not so important to adolescents.

The strengths of the study are the multiple components used 
within the school setting, the detailed questionnaires, and the in-
clusion of milk products and calcium consumption as a separate 
nutritional component.

First, since the questionnaires were anonymous so we could not 
identify changes in individuals, only changes as a group. Sec-
ond, we did not account for socioeconomic status in the analy-
sis; this could influence respondents' choices. Third, no control 
group was included in the study. As the vending machines were 
installed inside school grounds and were accessible to all, it was 
impossible to limit their exposure to only a certain group of stu-
dents. Although most of the previous studies were controlled, 
two other studies used a prior and post intervention evaluation, 
without a control group [11,15].



A multi-component educational program using the school platform 
may be effective in promoting healthy nutrition in adolescents. 
Professional nutritional lectures should be included in educational 
programs. Further studies are needed to evaluate the contribution 
of a more intense and longer school-based intervention program 
on adolescent nutritional behavior and physical activity.
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