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Abstract

Background: Tobacco use and the Western diet are two of the most important and investigated topics in relation to
adolescents’ health. In addition, air pollution is a crucial subject for future generations. School is a key social environment
that should promote healthy behaviors in children and adolescents. In this field many different programs have been
conducted, with mixed results and effectiveness. Research data suggest that comprehensive and multicomponent
approaches may have a greater effect on tobacco use and diet, especially when integrated into a community-wide
approach.

Methods: The present work describes a multi-area pilot study called “La Scuola della Salute” (the School of Health)
with a focus on the methodological aspects of the intervention. In our study we assessed different web-based and
practical experiences related to adolescents’ smoking and dietary behaviors and awareness of smoke-related air
pollution. Furthermore, to make adolescents more conscious of smoking and dietary behaviors, we conducted
experiential workshops that addressed smoking and environmental pollution, food education, and lifestyle. Teachers
and school administrators were involved in the project.

Results: At baseline we investigated dietary habits, tobacco use, and individual and social characteristics by means
of lifestyle questionnaires. In addition, we collected anthropometric parameters and performance indicators such as
exhaled carbon monoxide and urinary fructose to assess smoking and nutrition habits. At the end of the intervention
lifestyle questionnaire and biological markers were collected again: knowledge about these topics was significantly
improved, and the urinary fructose was able to estimate the levels of obesity in the classes.

Conclusions: The integrated approach, combined with the use of biological markers, could be an innovative approach
to the promotion of healthy lifestyles among adolescents, but further research is needed.
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Background
Tobacco use and the Western diet are two of the most
important and most extensively investigated topics re-
lated to the health of adolescents and the prevention of
any consequent illness during their lifetime. Further-
more, air pollution is a crucial theme for future genera-
tions. Tobacco use is currently the leading preventable
cause of death worldwide [1], and reduction of the
smoking prevalence among adolescents is a public health
priority for several reasons [2]. Adolescents risk develop-
ing lifelong smoking behaviors [3]. The 1994 Surgeon
General Report on preventing tobacco use in young
people pointed out that cigarette smoking is the stron-
gest addictive behavior, tending to strengthen during
adolescence, and that people who begin to smoke at an
early age develop a nicotine addiction more than those
who start at a later age [2, 4]. At the same time, over-
weight and obesity in children and adolescents are be-
coming major global public health concerns [5–8].
The major cause of obesity and overweight is an energy

imbalance between consumed and spent calories. In par-
ticular, increased consumption of sugar-sweetened bever-
ages and sweets ([9–12]; chips [12], energy-dense and
processed foods [12, 13] on one hand and decreased phys-
ical activity [14, 15] on the other hand induce long-term
weight gain in children/adolescents and adults.
Furthermore, in children and adolescents, the amount of
time spent in front of the television or computer or play-
ing videogames may influence energy consumption, en-
ergy expenditure, or both [16, 17]. Obesity during
childhood and adolescence is associated with a higher
probability of obesity during adulthood [18], premature
death, disability [19, 20] and psychological problems.
Additionally, research into the individual and com-

bined factors that influence our choices related to health,
such as tobacco use and type of diet, indicates that vari-
ous unhealthy habits may in some way be associated,
and that these habits start with adolescence. Even if it is
unclear how the Western diet, tobacco use and second-
hand smoking together impact on the risk of chronic
disease, their synergistic action on health may signifi-
cantly increase this threat to a greater level than any of
these factors alone [21, 22].
School seems to be a fundamental setting to educate

children about smoking behavior risks and implement
anti-tobacco policies, but also to provide and promote
nutritional education. The perception of smoking restric-
tions in the school is correlated with lower rates of to-
bacco use among adolescents [23–26], as well as their
perceived general connectedness with school context [27].
The International Agency of Research on Cancer of

the World Health Organization (WHO) classified in
2013 outdoor air pollution as carcinogenic to humans;
the most recent data indicate that in 2010, 223,000

deaths from lung cancer worldwide resulted from air
pollution [28].
Although the WHO definition of health as “complete

physical, mental and social well-being” (WHO, 1946) goes
back more than 50 years, few studies [21, 22] have
combined different areas of intervention in school-based
prevention programs and their effects on adolescents’ life-
styles, and none ever included environmental education.
In this paper we will first review the literature on these

topics and then present our multi-area experiential
school-based intervention “La Scuola della Salute”,
aimed at exploring a new way to talk with adolescents
about smoking, nutrition and pollution. Care for the
environment can be a useful perspective to start talking
with adolescents about their health; that is why we de-
cided to include air pollution in the intervention, in
addition to tobacco use and the Western diet.

Methods
This intervention protocol was approved by the ethics
committee of Istituto Nazionale dei Tumori (INT),
Milan. From February to September 2011 the project
was defined and the schools were selected and prepared
for the intervention through meetings conducted by the
project team.
The intervention began at the end of September 2011

and ended in March 2012. Before attending any of the
experiential workshops, students filled in anonymous
questionnaires regarding personal data, psychological
characteristics, and their habits and knowledge concern-
ing smoking and diet. After the questionnaires had been
completed, all teachers and students received lifestyle
guides. At the end of the study students filled in follow-
up questionnaires regarding diet and smoking, and their
knowledge about these subjects was tested. Every
student was assigned a personal alphanumeric code
(composed of subject number, sex, grade class and order
of measurement) so that his or her answers could be
linked to the final questionnaire and to all data collected
in the study. At the end of the school year, students were
informed about the general results of the questionnaires.

Food education course
The primary aim of the food education course was to
offer practical and cognitive tools to help students
develop a more responsible and conscious relation to
food and to a healthy diet and lifestyle. The secondary
aim was to devise an analytical method that allowed to
estimate any change in dietary sugar intake before and
after the intervention based on the measurement of
urinary fructose. The food education course included a
theoretical and a practical part. At the end of the course
anthropometric measurements (weight and height) were
made and urine samples were collected.
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Smoke and environmental pollution experimental
laboratory
To make adolescents aware of the effect of direct and
secondhand smoke and the pollution it causes, scientific
instruments were used and brief experiments were
carried out.

Measurement of carbon monoxide in exhaled air (ex-CO)
and tobacco smoke
Measurement of ex-CO in breath was used to show
what happens in smokers. The analyzer (see Instruments
section) was operated by personnel expert in the proced-
ure. We used this instrument to make adolescents aware
of the impact of smoke on their bodies, and to biologic-
ally assess the degree of physical tobacco dependence.
Students were invited to measure ex-CO themselves in
order to practice with the analyzer and understand the
impact of smoking. In addition, the CO level in the
smoke plume of a cigarette was measured at a few centi-
meters from the cigarette. The analyzer display immedi-
ately signaled very high levels of CO.

Air quality assessment
Fine particulate matter, black carbon and organic carbon
were measured during this workshop. The pollutants’ ana-
lyzers were connected to a wall screen initially showing in-
door background concentrations (typically <50 mcg/m3),
which rose enormously after a cigarette was lit in the
room. These experiments were indicative of the vast
quantity of particles emitted by a cigarette, and of the high
level of pollution due to secondhand smoke.

Tobacco smoke workshop. Measurement of tobacco smoke
pollution in a park
Real-time measurement of particulate pollution (PM1,
PM2.5 and PM10) with portable instruments allows stu-
dents to recognize that cigarettes can result in marked
exposure to passive smoking even in outdoor environ-
ments such as parks. Workshops were held with groups
of students representing each grade class.

Behavioral and lifestyle workshops
The aim of these workshops was to prompt students to
reflect upon and be more conscious of their behaviors
related to health under the guidance of a psychologist.
The behavioral and lifestyle experiential workshops also
served as a connection between all the workshops of the
project. Students’ opinions, observations and criticisms
about the other workshops were discussed in order to
learn if and how the activities proposed had an influence
on the students’ lifestyles. Photo collage and role playing
methods were used.

Other
A website, Facebook page and YouTube channel were
created to involve students and inform them about the
project. Students were directly involved in two press
conferences regarding the project. Students and teachers
were given two different guides about smoking and diet.

Results
Sample description
Out of a total of 306 students, 277 (68% female, 90%
aged 13–15 years) were enrolled in the study. The
remaining 29 students did not return the informed con-
sent form signed by their parents and could, therefore,
not participate. Thirty-five percent of the adolescents
attended humanities-oriented secondary schools, 24.9%
attended science-oriented secondary schools, and 40.1%
attended didactics and education-oriented secondary
schools. Table 1 summarizes the sample divided by sex,
age and school type.

Participants’ smoking habits
Table 2 reports the total sample data related to smoking,
Table 3 reports the data of current smokers, and Table 4
presents the ex-CO data. We reported some missing
values in the collection of the data because the students
did not answers all the questions related to smoking,
even when they declared themselves as smokers. At the
same time, subjects who didn’t consider themselves as
current smokers answered the question related to the
first cigarette as well because they had tried to smoke in
the past.
Thirty-one percent (n = 86) of the total sample had

smoked at least once. Out of the students who answered
these questions, 42.2% had their first cigarette before age
13, 91.7% smoked for the first time in the company of a
friend, and 68% tried smoking out of curiosity. Out of
the smokers among the students, 66.7% smoked fewer
than six cigarettes per day (Table 2).

Table 1 Sample description

No. Percent

Sex

Female 188 67.9

Male 89 32.1

Age (years)

≤ 15 250 90.3

≥ 16 27 9.7

School type

Humanities 97 35.0

Sciences 69 24.9

Didactics and education 111 40.1
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Baseline reported smoking was more frequent among
girls (20%) than boys (13%), with a mean ex-CO test of
1.03 ppm in girls and 0.56 in boys (p < 0.05) (Table 4). Total
sample ex-CO at baseline was 0.86 ppm and the maximum
value registered was 13 ppm (in one student only).
We considered as current smokers those students who

declared being smokers in the questionnaires, amount-
ing to a total of 50 students. Among these, 45 were
tested with the Ex-CO, while five of them missed the
test. We observed a significant difference (p < 0.01) in
ex-CO between current smokers (mean 3 ppm; n = 45)
and the rest of the sample (mean0.43 ppm; n = 209)
(Table 4). Among the current smokers (n = 50; females =
38, males = 12), 46% (n = 23) said they continued smok-
ing because they liked it, and 16% (n = 7) because they
were unable to stop. Thirty percent (n = 18) of current
smokers smoked more than seven cigarettes per day
(Table 3). It did not matter to them who they smoked
with (54.5% considered this indifferent) and 61.2% (n =
30) would like to quit. Thirty-five current smokers tried
to quit and 66% (n = 34) thought it was not easy. Ex-CO
was higher in the girls group (m = 3.17 ppm, max = 13)
than the boys group (m = 2.33 ppm; max = 5).
We observed a significant association (χ2(1) = 18.35,

p < 0.01; n = 276) between being a current smoker and
living with at least one family member who smoked. In
the group of nonsmokers, 42% (n = 116) did not live
with a smoking family member; in the group of current
smokers, only 3.3% (n = 9) did not live with a smoking
family member.

Participants’ dietary habits
We included 251 students with complete baseline data
on lifestyle, anthropometric and dietary variables. The
baseline characteristics of the students, divided by sex
and grade class, are reported in Table 5. Forty-nine
(19.5%) students were overweight (INRAN guidelines,
2003) [29]. The proportion of overweight adolescents was
significantly higher among females than males: 10.4% of

Table 2 Total sample data related to smoking

No. Percent

Have you ever smoked?

Yes 86 31.9

No 184 66.4

Age at first cigarette (years)

≤ 13 36 42.2

≥ 14 49 57.6

First cigarette smoked with whom?

Friend 77 91.7

Alone 3 3.6

Family member 4 4.8

Cigarettes per day

≤ 6 36 66.7

≥ 7 18 43.3

Why did you start?

Curiosity 44 67.7

My friends were smoking 5 7.7

Other 16 24.5

With whom do you smoke?

Alone 2 3.6

With friends 23 41.8

Indifferent 30 54.5

Do you think it’s easy to stop?

Yes 25 42.4

No 34 57.6

Table 3 Current smokers’ data

No. Percent

Sex

Male 12 24

Female 38 76

Cigarettes per day

≤ 6 32 64

≥ 7 18 30

Why do you keep smoking?

I like it 23 46

Unable to stop 7 14

Better concentration 2 4

I feel more self-confident 3 6

My friends smoke 3 6

Other 12 24

Table 4 Exhaled CO data

No. Ex-CO* at T1 P

Smoking status

Not smoking 209 0.43 (± 0.83) t(45.408) = 5.61, p < 0.01

Current smokers 45 3 (± 3.05)

Sex

Male 82 0.56 (± 1.03) t(250.85) = −2.47, p < 0.05

Female 172 1.03 (± 2.02)

Sex/Current smokers

Male 9 2.33 (± 1.58) t(43) = −0.72, p = 0.47

Female 36 3.17 (± 3.3)

*Ex-CO data are expressed in parts per million (ppm)
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females and 9.1% of males had a BMI higher than 24
(mean 26.9 ± 3.6) and 22.5 (mean 25.0 ± 3.6), respectively
(Table 6). Overweight increased with age and in the higher
grades it was more frequent in males than females (11.0%
vs 9.5%). Twelve urine pools were collected (one pool per
class). Baseline values of urinary fructose were normally
distributed and there were no significant differences be-
tween classes. The mean concentrations overall and di-
vided by class are reported in Table 6.
Table 7 describes the baseline food and lifestyle char-

acteristics of the study population. On average, in 1 week,
students consumed more than one can of sugar-
sweetened beverage per day (8.2 ± 9.3 portions a week).
The intake rate was higher in males than females and
decreased with age. Furthermore, students consumed
one or more sweet snack portions per day (8.2 ± 8.2
portions a week). The weekly intake rate was signifi-
cantly higher in males than females (p < 0.01) and in-
creased with age (p = 0.76). Intake of salty snacks was
lower than that of the aforementioned energy-dense
foods, with an average intake of four to five portions a
week. Intake was higher in males (p = 0.35) and among
10th-grade students.
With regard to physical activity and sedentariness,

76% of students, in addition to physical education at
school, practised physical activity on average 2.7 times a
week. Males were significantly more active than females
(p = 0.02), but they also spent significantly more time
watching television or playing videogames (p = 0.04).
Table 7 describes the baseline food and lifestyle char-

acteristics of students by BMI (normal weight vs over-
weight). We observed that overweight students declared
they consumed fewer portions of sweetened beverages

and sweet snacks, and claimed to be more active than
normal-weight students. They consumed more salty
snacks and there were no differences in the time spent
in front of the television or computer.
The prevalence of overweight and urinary fructose

levels was measured for each class. We could not meas-
ure urinary fructose in every student, but when we
stratified students by the median overweight prevalence
(≤14.3% vs >4.3%), we observed higher levels of fructose
in the classes with a higher prevalence of overweight
(1.76 ± 1.23 versus 2.87 ± 2.46 μg/mL, p = 0.56).

Participants’ smoking and dietary knowledge
As regards their initial knowledge about smoking and
dietary habits, students reached on average a score of
3.77 (± 1.34) and 3.09 (± 1.36), respectively. The max-
imum score obtainable was 10 on either questionnaire.

Efficacy indicators
Measurement of CO in exhaled air
CO measurement was done with a double aim. The
primary aim was to give young smokers a practical experi-
ence of the consequences of smoking: they could see with
their own eyes the impact of smoking in terms of CO in-
crease and oxygen decrease in the body. The secondary
aim was to assess the adolescents’ smoking status.

Measurement of dietary added sugar (urinary fructose)
We decided to take the urinary fructose level as a
performance indicator. The necessity of a biological bio-
marker arose because dietary interviews or questionnaires
are known to be prone to measurement errors [30].

Table 5 Baseline food and lifestyle characteristics of students by sex and grade class

Male
(n = 82)

Female
(n = 169)

P 9th grade
(n = 124)

10th grade
(n = 127)

P

Sweetened beverages 8.6 ± 8.9 7.9 ± 9.4 0.17 8.9 ± 10.1 7.5 ± 8.4 0.23

Sweet snacks 10.4 ± 10.2 7.2 ± 7.1 <0.01 8.1 ± 8.8 8.4 ± 8.1 0.76

Salty snacks 4.8 ± 6.6 4.1 ± 5.1 0.32 3.9 ± 4.2 5.1 ± 6.4 0.08

Sport 2.8 ± 1.4 2.4 ± 1.2 0.05 2.5 ± 1.1 2.6 ± 1.5 0.77

TV (hours/day) 2.9 ± 1.1 2.6 ± 1.1 0.02 2.6 ± 1.1 2.8 ± 1.1 0.38

Table 6 Baseline anthropometric characteristics of students by sex and grade class

Sex Class

Male
(n = 82)

Female
(n = 169)

9th grade
(n = 124)

10th grade
(n = 127)

Weight (kg) 62.6 ± 11.0 54.9 ± 10.1 56.0 ± 11.5 58.8 ± 10.4

Height (cm) 171.8 ± 7.6 161.2 ± 5.8 162.8 ± 7.6 166.6 ± 8.2

BMI 21.1 ± 3.1 21.1 ± 3.4 21.0 ± 3.5 21.1 ± 3.1

Overweight (%) 9.16 10.4 18.6 20.5

Mean urinary fructose of class pool (μg/mL) 2.4 ± 2.04 2.4 ± 2.8 2.4 ± 1.16
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The following results were registered 3 months after
the beginning of the intervention.

Knowledge about smoke, pollution and nutrition
The mean score of knowledge about smoke and pollu-
tion increased from 3.77 (±(SD 1,34) to 4,.53 (SD ±1,55)
after the intervention (N = 265), with a significant paired
samples t-test (p < .001). Knowledge score about nutri-
tion increased from 3.09 (SD ±1,36) to 3,.92 (±SD1,52)
as well, with a significant paired samples t-test (p < .001)
(Table 8).

Ex-CO levels and smoking habits
Although exhaled CO measurement was carried out only
with educational purpose, we registered decreasing
trends from T1 (0.86 ppm, ±SD 1.73) to T2 (0.68 ppm,
±SD 1.91), n.s. (N = 258). Considering only the current
smokers group (N = 43), the ex-CO level decreased from
2.98 (±SD 3.02) to 2.42 ppm (±SD 3.65), n.s.
The percentage of students who thought at T1 that

quitting smoking is easy, decreased from 34 to 28.9% in
the current smokers group, and from 42 to 35.6% in the
whole sample (Table 9).

Nutrition
Students reduced salty snack consumption rates (p = 0.03).
Stronger differences were observed in 2nd year students
(−1.8, ±SD 5.9 vs 0.2, ±SD6.6; p = 0.01). We registered a
significant reduction of TV hours per day (p < 0.05) as
well. In the classes were a BMI reduction was observed,
fructose level was significantly lower if compared to
classes where BMI increased (p < 0.05 = 0.03; R = 0.68;
p = 0.01). More relevant and significant changes were
observed in the female group if compared to the male
(Table 10).

Urinary pools
Urines were collected with 141 subjects, grouped into 12
pools, one for each class. Subcjets affected by diabetes
(n = 2) and insulin resistant (n = 1) were excluded.
For each class we studied the relation between being

overweight and food consumption frequency. Linear
regressions revealed a significant statistical relation be-
tween overweight and sweet and salty snacks consump-
tion also if controlling the age (Table 11).
No significant relation was observed comparing fruc-

tose concentration before and after the intervention. In
the classes where a reduction of BMI was observed, fruc-
tose levels significantly reduced as well, with an opposite
tendency if compared to the classes were we registered
an increased BMI and which showed a higher level of
fructose (p = 0.03; R = 0.68; p = 0.01) Table 12.

Discussion
The aim of this article is to describe and discuss a new
method of intervention among secondary school
adolescents that is aimed at promoting a healthy life-
style. This pilot study is characterized by the applica-
tion of multimodal integrated strategies: we integrated
(a) prevention areas (smoking, diet and environment),
(b) methods of intervention (experiential workshops,
school courses, informative material, dedicated web
platform, scientific research, media communications),
and (c) different roles (students, teachers, parents, re-
searchers, journalists, citizens).

(a)Consistent with a concept of health that includes
the influence of multiple factors, recent research has
focused on the integration of multiple health areas
in prevention interventions. Furthermore, smoking
and dietary prevention projects have already been
conducted, but none of these included environmental
pollution as part of the educational intervention.
Many adolescents are informed about the health
risks associated with smoking but rarely receive
information about the content of cigarette smoke
and how it influences the indoor and outdoor
environment. The relation between smoking and
pollution therefore brings new and more articulated
considerations onto the prevention path.

(b)The aim of our multimodal approach is to stimulate
adolescents to think about smoking and dietary
concerns at different moments in their everyday life.

Table 8 Differences in knowledge at T1 and T2

Knowledge T1
(265)

T2
(265)

P

Smoke and pollution 3.77 SD 1.34 4.53 SD 1.55 <.001

Nutrition 3.09 SD 1.36 3.92 SD 1.52 <.001

Table 9 Differences in exhaled CO at T1 and T2 in the total
sample and in the current smokers group

Exhaled CO T1 T2

Total sample (N = 258) 0.86 (SD 1.73) 0.68 (SD 1.91)

Current smokers (N = 43) 3.09 (SD 1.36) 3.92 (SD 1.52)

Table 7 Baseline food and lifestyle characteristics of students by
BMI

Normal weight
(n = 202)

Overweight
(n = 49)

P

Sweetened beverages 8.6 ± 9.8 6.3 ± 6.3 0.11

Sweet snacks 8.5 ± 8.6 7.3 ± 7.4 0.36

Salty snacks 4.1 ± 5.0 5.3 ± 7.8 0.18

Sport 2.5 ± 1.2 2.8 ± 1.7 0.14

TV (hours/day) 2.7 ± 1.1 2.7 ± 1.2 0.89

P in Student’s t-test
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The website, the public park research and the press
conferences have the common goal of making
adolescents actual partners in the project and social
promoters of healthy changes.

Web instruments have the capacity to rapidly and eas-
ily connect people who are interested in these matters,
and also bring us closer to the social market. Although
there are studies in the literature that used web instru-
ments in prevention interventions [31–33], their use in
this field is recent, and this is another innovative and
relevant aspect of the project described here.

(c)Finally, our project involved not only school
components and families, but also the wider urban
community. Adolescents perceptions and beliefs
about tobacco use are the most proximal influence
on their behaviour: for example, the number of
family members and friends who smoke is strongly
associated with youth smoking. The results of this
paper confirm this finding. At the same time, to
make students more involved in the wider living
context, we wanted them to be interviewed and
invited to take part in television broadcasts.

The choice to use biological markers to assess the
samples’ characteristics and the impact of our interven-
tion is an innovative aspect of this project.
Regarding the smoking area, it’s already assessed that

Ex-Co is a reliable indicator of smoking status in adult
and in several subgroups of smokers [34–36]. Despite
this, few studies investigate if CO measurement among

adolescents is an instrument able to discriminate
smokers and non-smokers. In the Vançelik’s et al. study
[37] was found that CO measurements between adoles-
cents with a median age of 17 have a good sensitivity
(90%) in assess the smoking status. Our results confirm
Vançelik’s data: comparing the current smokers group to
the rest of the sample, we observed a significant differ-
ence (p < 0.01) of the ex-CO values between the two
groups. Further studies are needed to confirm these re-
sults in this smokers’ sub-group.
Regarding the dietary area, one of the methodological

purpose of this pilot study is to test the feasibility to cre-
ate a class pool of urinary fructose as biomarker for the
estimation of dietary sugar intake. We decided to use a
biological biomarker because typically interviews or diet-
ary questionnaires are known to be prone to measure-
ment errors [30].
So, to test the urinary fructose levels we decided to

create a pool of urinary for each class in the study. All
classes pools presented normal value of urinary fructose
and we didn’t observe any significant differences
between class grades. However, when we stratified each
class by the prevalence of overweight we observed a
higher level of fructose in the classes with a higher
prevalence of overweight .
In the dietary area, urinary fructose was used to esti-

mate dietary sugar intake because recent research [38]
demonstrated that sugar consumption is a significant
determinant of obesity, with a clear dose effect. So, to
test the urinary fructose levels we decided to create a
pool of urinary samples for each class in the study. The
use of a single urinary sample pool as we did in this
study allows to extrapolate the average situation of the
individuals of that particular class. Therefore, a very

Table 10 Differences in antropometrics and nutrition at T1 and T2 in the total sample

Consumption per week T1
(251)

T2
(226)

P

Weight 57.2 (SD 10.4) 57.9 (SD 10.5) <.001

Height 165.0 (SD 8.2) 166 (SD 0.54) <.001

BMI 20.9 (SD 3.0) 21.0 (SD 3.0) <.01

Sugar beverages 8.0 (SD 8.7) 7.2 (SD 7.6) <.05

Sweet snacks 8.5 (SD 8.3) 7.8 (SD 6.6) <.05

Saulty snacks 4.5 (SD 5.6) 3.6 (SD 4.8) <.01

Sport 2.0 (SD1.5) 2.1 (SD 1.5) N.S.

TV hours/day 2.7 (SD 1.1) 2.3 (SD 1.1) <.001

% Overweight between boys and girls 19.5% 18.2% <.001

Table 11 Relation between overweight and nutrition

Adjusted for age Coeff. P IC

Sweets 2.41 <.05 1.00–3.82

Sweetened beverage + sweet snacks 1.05 <.05 0.10–2.01

Chips 3.75 0.01 0.10–6.38

Table 12 Fructose levels and IMC variations at T2

IMC Reduction IMC Increase P*

Δ Fructose −1.02 (SD 2.50) 2.18 (SD 1.86) <.05

*P in Student’s t-test
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limited number of analyses is needed to test dietary
changes. This means saving considerable time and
money for the execution of a analytical assays, especially
in large epidemiological studies.
Considering the changes in the behaviors, Ex-CO and

fructose levels showed interesting trends, but did not
yield statistically significant results at the 3 months fol-
low up. These results can be explained with the short
exposure the students had to the intervention. Further-
more, 3 months is a too short time to answer the ques-
tion whether the intervention is effective or not, or
whether these biological markers are effective or not in
the assessment with adolescents.
The study has several others limitations, first of all its

challenging replicability. This project, in fact, needs
spaces expressly equipped with instruments for particu-
late matter, black carbon and CO measurements and ex-
periments, as well as large kitchens where students can
cook healthy food. Furthermore, it requires (at least for
the first edition) considerable financial resources for the
purchase of instruments and equipment.
Secondly, we proposed our intervention within a lim-

ited time frame, while the literature suggests that re-
peated recalls and family involvement result in a more
effective intervention. We could not carry out extended
follow-up, and to fill the gap we integrated the themes
of the project (pollution, diet, smoking) into the school
curriculum so that teachers could refresh them during
the following years, and stimulate students to follow the
website.
Finally, the management of biological markers can be

difficult in this age group, in particular urine collection,
which involves a very intimate sphere during adolescence.

Conclusions
Knonwledge about the topics was significantly improved
and biological markers showed interesting results. The
fructose levels collected also allowed us to estimate the
levels of obesity in the classes. The integrated method of
intervention we tested with adolescents needs to be rep-
licated and further explored. However, the causes for re-
flection we received from this first application are very
promising and suggest that this approach could have a
greater impact in promoting healthy lifestyles among
adolescents.

Acknowledgments
This paper is in memory of Giovanni Invernizzi, a forerunner of our prevention
initiatives in schools, a model for our present and future research and, above all,
a true friend.

Funding
The intervention here described was funded by the Italian Ministry of Education
and Research (MIUR, Ministero dell’Istruzione, dell’Università e della Ricerca).

Availability of data and materials
The datasets used and analysed during the current study are available from
the corresponding author on reasonable request.

Authors’ contributions
CM made contributions to acquisition, analysis and interpretation of data;
she’s been also involved in drafting the manuscript. EM made contributions
to acquisition of data and she’s been involved in drafting the manuscript. ML
has been involved in drafting the manuscript. RM made substantial
contributions to conception and design and has been involved in drafting
the manuscript. RB made substantial contributions to conception and design
and revised critically the manuscript for important intellectual content. CDM
made substantial contributions to acquisition of data and revised critically
the manuscript. AR made substantial contributions to acquisition, analysis
and interpretation of data. GA revised critically the manuscript. CV revised
critically the manuscript. PP revised critically the manuscript. EB made
contributions to acquisition, analysis and interpretation of data; she’s been
also involved in drafting the manuscript. GG made contributions to
acquisition, analysis and interpretation of data. AC made contributions to
acquisition and analysis of data. GG made contributions to acquisition and
analysis of data. FB revised critically the manuscript for important intellectual
content. All authors read and approved the final manuscript.

Ethics approval and consent to participate
All procedures followed were in accordance with the ethical standards on
human experimentation of the Ethical Committe of the National Cancer
Institute of Milan. The Ethical Commettee approved the intervention protocol.
Informed consent was obtained from all the parents of the subjects for
being included in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Tobacco Control Unit - Fondazione IRCCS Istituto Nazionale Tumori, Via
Venezian 1, 20133 Milan, Italy. 2Pulmonary Rehabilitation Unit, Azienda
Sociosanitaria Lariana, Sant’Antonio Abate Hospital, Via Domea 4, 22063
Cantù, Italy. 3Department of Predictive & Preventive Medicine, Fondazione
IRCCS Istituto Nazionale Tumori, Via Venezian 1, 20133 Milan, Italy.
4Department of Biomedical Sciences for Health, University of Milan, Milan,
Italy.

Received: 29 June 2017 Accepted: 7 November 2017

References
1. World Health Organization (WHO). MPOWER: a policy package to reverse

the tobacco epidemic. Geneva. Switzerland: WHO Press; 2008. Available at:
www.who.int/tobacco/mpower/mpower_english.pdf

2. Hastings G, Angus K. Forever cool: the influence of smoking imagery on
young people. London: British Medical Association Science and Education
Department and the Board of Science; 2008.

3. Gilman SE, Rende R, Boergers J, Abrams DB, Buka SL, Clark MA, et al.
Parental smoking and adolescent smoking initiation: an intergenerational
perspective on tobacco control. Pediatrics. 2009;123:274–81.

4. Elders MJ, Perry CL, Eriksen MP, Giovino GA. The report of the surgeon
general: preventing tobacco use among young people. Am J Public Health.
1994;84:543–7.

5. Lee IM, Djoussé L, Sesso HD, Wang L, Buring JE. Physical activity and weight
gain prevention. JAMA. 2010;303:1173–9.

6. Robinson TN. Television viewing and childhood obesity. Pediatr Clin N Am.
2001;48:1017–25.

7. Epstein LH, Roemmich JN, Robinson JL, Paluch RA, Winiewicz DD, Fuerch
JH, et al. A randomized trial of the effects of reducing television viewing

Marabelli et al. Multidisciplinary Respiratory Medicine  (2017) 12:30 Page 8 of 9

http://www.who.int/tobacco/mpower/mpower_english.pdf


and computer use on body mass index in young children. Arch Pediatr
Adolesc Med. 2008;162:239–45.

8. Frank LD, Andresen MA, Schmid TL. Obesity relationships with community
design, physical activity, and time spent in cars. Am J Prev Med. 2004;27:87–96.

9. Calle E, Thun M, Petrelli J, Rodriguez C, Heath C. Body mass index and mortality
in a prospective cohort of US adults. N Engl J Med. 1999;341:1097–105.

10. Lazzeri G, Pammolli A, Simi R, Pilato V, Giacchi MVBMI. From nutritional
surveillance of 8-9 years old children in Tuscany (Italy). J Prev Med Hyg.
2011;52:181–5.

11. Hampton T. Pediatric obesity guidelines released. JAMA. 2008;300:2238.
12. Ogden CL, Carroll MD, Kit BK, Flegal KM. Prevalence of childhood and adult

obesity in the United States, 2011-2012. JAMA. 2014;311:806–14.
13. Fismen AS, Samdal O, Torsheim T. Family affluence and cultural capital as

indicators of social inequalities in adolescent's eating behaviours: a
population-based survey. BMC Public Health. 2012;12:1036.

14. Magarey AM, Daniels LA, Boulton TJ, Cockington RA. Predicting obesity in
early adulthood from childhood and parental obesity. Int J Obes Relat
Metab Disord. 2003;27:505–13.

15. Niemeier BS, Hektner JM, Enger KB. Parent participation in weight-related
health interventions for children and adolescents: a systematic review and
meta-analysis. Prev Med. 2012;55:3–13.

16. Summerbell CD, Waters E, Edmunds LD, Kelly S, Brown T, Campbell KJ. et al.
Interventions for preventing obesity in children. Cochrane Database Syst
Rev. 2005:CD001871.

17. Doak CM, Visscher TL, Renders CM, Seidell JC. The prevention of overweight
and obesity in children and adolescents: a review of interventions and
programmes. Obes Rev. 2006;7:111–36.

18. French SA, Stables G. Environmental interventions to promote vegetable and
fruit consumption among youth in school settings. Prev Med. 2003;37:593–610.

19. Flodmark CE, Marcus C, Britton M. Interventions to prevent obesity in children
and adolescents: a systematic literature review. Int J Obes. 2006;30:579–89.

20. Sharma M. School-based interventions for childhood and adolescent
obesity. Obes Rev. 2006;7:261–9.

21. Wilson DB, Smith BN, Speizer IS, Bean MK, Mitchell KS, Uguy LS, et al.
Differences in food intake and exercise by smoking status in adolescents.
Prev Med. 2005;40:872–9.

22. Bean MK, Mitchell KS, Speizer IS, Wilson DB, Smith BN, Fries EA. Rural
adolescent attitudes toward smoking and weight loss: relationship to
smoking status. Nicotine Tob Res. 2008;10:279–86.

23. Evans-Whipp TJ, Bond L, Toumbourou JW, Catalano RF. School, parent, and
student perspectives of school drug policies. J Sch Health. 2007;77(3):138–46.

24. Loukas A, Garcia MR, Gottlieb NH. Texas college students’ opinions of no-
smoking policies, secondhand smoke, and smoking in public places. J Am
Coll Health. 2006;55(1):27–32.

25. Lovato CY, Sabiston CM, Hadd V, Nykiforuk CIJ, Campbell HS. The impact of
school smoking policies and student perceptions of enforcement on school
smoking prevalence and location of smoking. Health Educ Res. 2007;22(6):
782–93.

26. Murnaghan DA, Sihvonen M, Leatherdale ST, Kekki P. The relationship
between school-based smoking policies and prevention programs on
smoking behavior among grade 12 students in Prince Edward Island: a
multilevel analysis. Prev Med (Baltim). 2007;44(4):317–22.

27. Rasmussen M, Damsgaard MT, Holstein BE, Poulsen LH, Due P. School
connectedness and daily smoking among boys and girls: the influence of
parental smoking norms. Eur J Pub Health. 2005;15(6):607–12.

28. Raaschou-Nielsen O, Andersen ZJ, Beelen R, Samoli E, Stafoggia M,
Weinmayr G, et al. Air pollution and lung cancer incidence in 17 European
cohorts: prospective analyses from the European study of cohorts for air
pollution effects (ESCAPE). Lancet Oncol. 2013;14:813–22.

29. Cialfa E, D’Amicis A, Leclercq C, et al. Linee guida per una sana alimentazione
italiana. Rome: Istituto Nazionale di Ricerca per gli Alimenti e la Nutrizione;
2003. p. 86.

30. Biró G, Hulshof KF, Ovesen L, Amorim Cruz JA, EFCOSUM Group. Selection of
methodology to assess food intake. Eur J Clin Nutr. 2002;56(Suppl 2):25–32.

31. Rooke S, Thorsteinsson E, Karpin A, Copeland J, Allsop D. Computer-
delivered interventions for alcohol and tobacco use: a meta-analysis.
Addiction. 2010;105:1381–90.

32. Nguyen B, Kornman KP, Baur LA. A review of electronic interventions for
prevention and treatment of overweight and obesity in young people.
Obes Rev. 2011;12:298–314.

33. Schneider F, van Osch L, de Vries H. Identifying factors for optimal
development of health-related websites: a delphi study among experts and
potential future users. J Med Internet Res. 2012;14:e18.

34. Middleton ET, Morice AH. Breath carbon monoxide as an indication of
smoking habit. Chest. 2000;117(3):758–63.

35. Kunze U, Böhm G, Ferstl F, Groman E. Assessing smoking behaviour among
medical students by the measurement of expired carbon monoxide (CO).
Wien Med Wochenschr. 2009;159(1–2):14–6.

36. Low EC, Ong MC, Tan M. Breath carbon monoxide as an indication of
smoking habit in the military setting. Singap Med J. 2004;45(12):578–82.

37. Vançelik S, Beyhun NE, Acemoğlu H. Interactions between exhaled CO,
smoking status and nicotine dependency in a sample of Turkish
adolescents. Turk J Pediatr. 2009;51(1):56–64.

38. Kuhnle GG, Tasevska N, Lentjes MA, Griffin JL, Sims MA, Richardson L, et al.
Association between sucrose intake and risk of overweight and obesity in a
prospective sub-cohort of the European prospective investigation into
cancer in Norfolk (EPIC-Norfolk). Public Health Nutr. 2015;18(15):2815–24.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Marabelli et al. Multidisciplinary Respiratory Medicine  (2017) 12:30 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Food education course
	Smoke and environmental pollution experimental laboratory
	Measurement of carbon monoxide in exhaled air (ex-CO) and tobacco smoke
	Air quality assessment
	Tobacco smoke workshop. Measurement of tobacco smoke pollution in a park

	Behavioral and lifestyle workshops
	Other

	Results
	Sample description
	Participants’ smoking habits
	Participants’ dietary habits
	Participants’ smoking and dietary knowledge

	Efficacy indicators
	Measurement of CO in exhaled air
	Measurement of dietary added sugar (urinary fructose)

	Knowledge about smoke, pollution and nutrition
	Ex-CO levels and smoking habits

	Nutrition
	Urinary pools

	Discussion
	Conclusions
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

