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Abstract
Objective: To assess seven-year time trends in energy balance-related behaviours
in 14-year-old adolescents living in an urban area and to examine the influence of
educational level and ethnicity on these time trends.
Design: Second grade students (mean age 13·6 years) filled in questionnaires
about the energy balance-related behaviours of breakfast consumption, fruit and
vegetable consumption, physical activity and screen-time behaviour from school
years 2006–2007 to 2012–2013. Energy balance-related behaviours were
dichotomized and logistic regression analyses were used to examine time trends
in healthy energy balance-related behaviours, including interaction terms for
educational level and ethnicity.
Setting: Secondary schools in Amsterdam, the Netherlands.
Subjects: Per school year, 2185–3331 children participated. The total sample
included 19 244 students of Dutch, Surinamese, Turkish and Moroccan ethnic
background.
Results: A significant linear increase was found for positive screen-time behaviour
(<2 h/d; OR per year= 1·04; 95 % CI 1·03, 1·06). For daily vegetable consumption
a non-linear negative trend was observed (school year 2012–2013 v. 2006–2007:
OR= 0·90; 95 % CI 0·80, 1·00). Time trends in screen time were significantly
different across educational levels (P-interaction= 0·002) and ethnic backgrounds
(P< 0·001), as were time trends in daily fruit consumption (P= 0·017 and
P= 0·018, respectively) and, for ethnicity, trends in daily vegetable consumption
(P< 0·001).
Conclusions: The increase in positive screen-time behaviour is a positive finding.
However, discouraging screen time and promoting other healthy behaviours,
more specifically daily fruit and vegetable consumption, remain important
particularly among adolescents enrolled in pre-vocational education and of non-
Dutch ethnic background.
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Over the past 30 years, there has been a dramatic increase
in overweight among children and adolescents in
developed countries(1). However, more recent studies
suggest that prevalence rates in overweight have stabilized
since the late 1990s(2,3). In the Netherlands, a stabilizing
trend has been observed, but only in the four largest cities
(Amsterdam, The Hague, Rotterdam and Utrecht)(4,5).
Overweight prevalence rates among children and adoles-
cents living in these cities were stable at 14% between 1997
and 2009, whereas in other regions the prevalence rose

from 9% to almost 13%(4). A recent study in The Hague,
examining time trends among four ethnic groups (Dutch,
Turkish, Moroccan and Surinamese South Asian), even
showed a significant decrease in overweight prevalence
between 1999 (13 %) and 2011 (11 %), but only for the
children and adolescents of Dutch ethnic background(5).

In the past few years, overweight prevention strategies
have been targeted specifically towards the population in
the urban areas in the Netherlands, and the observed
stabilizing and decreasing trends in overweight might
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indicate that children and their parents have become more
aware of important energy balance-related behaviours
(EBRB). EBRB are behaviours that presumably determine
energy intake and energy expenditure and are thereby
factors that contribute to overweight when intake exceeds
expenditure(6). Examples of healthy EBRB are, among
others, regular breakfast consumption, daily fruit and
vegetable consumption, regular physical activity (e.g. par-
ticipation in sports and walking or cycling to school) and
limited screen time (watching television (TV) or playing
sedentary computer games)(7–11). Targeting these EBRB in
health-promotion strategies becomes even more important
as children grow older, because they will become more
and more autonomous in their behavioural choices(12).

Previous studies have shown that adolescents with low
socio-economic status/education and adolescents of non-
Dutch ethnic background are more likely to skip break-
fast(13–15), to be less physically active(16,17), to watch more
TV and to play more sedentary computer games(18,19). At
the same time, they are at higher risk of developing
overweight than adolescents of Dutch ethnic back-
ground(20,21). Although we expect general positive trends
in EBRB based on the stabilizing or decreasing time trend
of overweight in Dutch urban cities, this could coincide
with negative trends in lower educated adolescents and
adolescents of non-Dutch ethnic background. To ade-
quately target health-promotion activities for adolescents,
insight into the time trends of important EBRB, and ethnic
and educational disparities therein, is essential. The pre-
sent study therefore aimed to: (i) investigate seven-year
time trends in EBRB among 14-year-old Dutch adolescents
in the city of Amsterdam; and (ii) examine the influence of
educational level and ethnicity on these time trends.

Methods

Sample and materials
Data for the present study were available from the Youth
Health Monitor used by the Public Health Service
Amsterdam. The Youth Health Monitor is an annually
ongoing project to assess the health status of adolescents
in secondary schools in Amsterdam. Results of the monitor
are used to develop health policies and health-promoting
activities targeted at adolescents. From school year 2006–
2007 to school year 2009–2010, data were collected on
demographics and different lifestyle factors of 13- to 14-
year-old second grade students by a paper questionnaire.
From school year 2010–2011 to school year 2012–2013 an
electronic questionnaire was used. Questions in the Youth
Health Monitor are used nationally and based on inter-
national, validated questionnaires where possible. Every
year, all regular secondary schools in Amsterdam are
approached by the Public Health Service Amsterdam to
participate in the project. Each year before data collection,
information letters are sent to parents and students.

A passive informed consent procedure is used, thus stu-
dents and their parents can decide to not take part in the
Youth Health Monitor. Questionnaires are completed
confidentially in class, under the supervision of teachers
and employees of the Public Health Service Amsterdam.
Annual response rates of participating schools in Amster-
dam are over 90 %. Approximately 37 000 adolescents
completed the questionnaires between school year 2006–
2007 and school year 2012–2013. The project is registered
at the Dutch Data Protection Authority.

Measures
In the paper and electronic questionnaires adolescents
were asked about numerous health topics. Questions
were, among others, related to sociodemographic factors,
health, drugs, alcohol, smoking, sexuality, nutrition and
physical activity (including screen-time behaviour). In the
present study, only questions related to sociodemographic
variables, nutrition and physical activity were used.

Breakfast consumption
To assess breakfast consumption the following question
was used: ‘How many days per week do you eat break-
fast?’, with response values ranging from 0 to 7 d/week(22).
To calculate the percentage of adolescents with healthy
breakfast behaviour, a dichotomous variable was made
with ‘non-regular’ (0–4 d/week) and ‘regular’ (5–7 d/week)
as values. The cut-off point was based on a previous cross-
sectional study that showed that the odds of overweight is
lower when breakfast is consumed on five or more days
per week(7).

Fruit and vegetable consumption
Fruit and vegetable consumption were assessed by the
questions: ‘How many days per week do you eat fruit?’ and
‘How many days per week do you eat vegetables?’
Response values ranged from 0 to 7(22,23). To calculate the
percentage of adolescents meeting the guidelines for fruit
and vegetable consumption, dichotomous variables were
made for respectively daily (7 d/week) fruit and daily
vegetable consumption. The Netherlands Nutrition Centre
recommends to consume fruit and vegetables every day(24).

Physical activity
Questions onphysical activityweremodified in the electronic
questionnaire in school year 2010–2011. In the paper
questionnaire, physical activity questionswere only related to
active transport to school and participation in sports in leisure
time.However, in the electronic questionnaire, twoquestions
on physical activity were added, resulting in four different
topics related to physical activity: (i) participation in sport
activities outside; (ii) participation in sport activities in a sports
club; (iii) school gymnastics; and (iv) active transport to
school (walking or cycling). A last questionwas added (based
on those four different physical activities) to assess the
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percentage of children who meet the Dutch healthy exercise
norm (NNGB) of being physically active for at least one hour
per day(25). Because this question was not included in the
paper questionnaire, it was only possible to assess the three-
year trends in physical activity (2010–2011 to 2012–2013).
The question used to assess how many children were phy-
sically active for more than one hour per day was: ‘Think of
last week. Howmany days of this week did you spent at least
one hour on these activities? Thus walking or cycling from
and to school, gymnastics at school, participation in sport
activities in a sports club and/or sport activities outside a
sports club (for example, playing soccer on the streets)’(26,27).
Response values ranged from 0 to 7. To calculate the per-
centage of childrenmeeting the guideline of at least one hour
of physical activity each day, responses were dichotomized
based on the number of days per week (<7 or 7 d/week).

Screen-time behaviour
Total screen-time behaviour included computer use and
watching TV. From school year 2006–2007 to school year
2009–2010, computer use was measured by using the
question: ‘How many days per week do you use the
computer in your leisure time? Think of for example using
internet at home, playing computer games, chatting’. To
accommodate the societal changes in computer use, the
question was modified in school year 2010–2011 to: ‘How
many days per week are you sitting behind a computer
(internet, Game Boy, Nintendo) (not for school). Think of
last week’. In school year 2011–2012 the question was
modified again to: ‘How many days per week are you
sitting behind a computer (internet, Game Boy, Nintendo,
video game console (not for school). Think of last week’. In
school year 2012–2013 computer use was assessed by the
question: ‘How many days per week are you sitting behind
a computer (laptop, tablet, video game console) (not for
school). Think of last week’. Response values ranged from
0 to 7. To measure computer use in minutes per week the
following question was used: ‘How long do you on average
use the computer in your leisure time?’ Answer options
were ‘< 30min/d’, ‘30–60min/d’, ‘1–2 h/d’, ‘3–4 h/d’ and
‘>4 h/d’. Midpoints of the categorical variables were used
(15, 45, 90, 160 and 210min) to create a continuous vari-
able of computer use in minutes per day. Subsequently,
computer use in minutes per week was calculated by
multiplying the number of days per week with the minutes
per day. Watching TV was assessed by using the following
questions: ‘How many days per week do you watch TV
(DVD) in your leisure time?’ and ‘How long do you on
average watch TV (DVD) in your leisure time?’ In a similar
way to what is described above, the number of minutes of
watching TV per week was calculated. Watching TV in
minutes per week and computer use in minutes per week
were summed and this sum was subsequently divided by
seven to obtain screen-time behaviour in average minutes
per day. It is advised to watch TV or play the computer for
no longer than two hours per day on average(25).

To calculate the percentage of adolescents adhering to this
advice, a dichotomous variable was made with the cut-off
points ‘< 2 h/d’ and ‘2 h/d or more’.

Educational level
Students reported their educational level in the ques-
tionnaire. Four categories weremade according to the Dutch
secondary-school system from low to high: the practical
pathway of pre-vocational education (PP VMBO), the theo-
retical pathway of pre-vocational education (TP VMBO),
senior general secondary education (HAVO) and pre-
university education (VWO). For the present study, adoles-
cents who were first grade students or who were enrolled in
special education were excluded.

Ethnicity
Ethnicity was based on self-reported country of birth of
both the student and his/her parents. Conforming with the
Netherlands Central Bureau of Statistics, we defined a
person to be of non-Dutch ethnic background when the
person him/herself and/or at least one parent was foreign-
born(28). For the present study, only the four main ethnic
groups in the Netherlands were included, which are the
Dutch, Surinamese, Turkish and Moroccan ethnic groups.

Sociodemographic covariates
Basic sociodemographic information, i.e. age, sex and
postal code, which was used to determine the district of
Amsterdam in which the student lived, was included in the
questionnaires.

Statistical analysis
Data analysis was performed using the statistical software
package IBM SPSS Statistics 20·0. A total of 36 367 ado-
lescents completed the questionnaires over seven years.
Adolescents who were first grade students or were
enrolled in special education (n 8330) were excluded, as
were adolescents who did not belong to one of the four
main ethnic groups (n 6342). We furthermore excluded
participants with missing data on the covariates (n 2090)
and on EBRB (n 361), resulting in a final study sample of
19 244 individuals: 2351 in 2006–2007, 2547 in 2007–2008,
2185 in 2008–2009, 2580 in 2009–2010, 3230 in 2010–2011,
3331 in 2011–2012 and 3020 in 2012–2013.

After descriptive analyses to assess differences in
sociodemographic variables across school years, logistic
regression analyses were performed to assess seven-year
time trends in regular breakfast consumption, daily vege-
table consumption, daily fruit consumption, regular phy-
sical activity and positive screen-time behaviour. The
EBRB were dichotomized so that a higher value indicated
a more healthy behaviour. First, potential non-linearity of
the association between time (as continuous independent
variable) and all five healthy EBRB (as dichotomous
dependent variables) was checked by adding a quadratic
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term to the regression equation. All associations between
time and healthy EBRB were linear, except for daily
vegetable consumption. Therefore the logistic regression
analysis for daily vegetable consumption was performed
with time as categorical instead of a continuous variable.
School year 2006–2007 was used as the reference cate-
gory. After linearity checks, logistic regression analyses
were performed using a stepwise hierarchical adjustment
approach. First, crude analyses were adjusted for age, sex
and district of Amsterdam. Second, analyses were subse-
quently adjusted for educational level and ethnicity and
interaction effects were tested. For this, two separate
models were constructed: one to test for interaction
between time and ethnicity (adjusted for age, sex, district
of Amsterdam and educational level) and one to test for
interaction between time and educational level (adjusted
for age, sex, district of Amsterdam and ethnicity). If sta-
tistically significant effect modification was observed,
trends in healthy EBRB were stratified according to edu-
cational level or ethnicity. Statistical significance levels
were set at P< 0·05.

Results

Population characteristics
Participants in the study were all second grade students
with a mean age of 13·6 (SD 0·6) years (Table 1). Overall,
43·5 % of the adolescents were of Dutch descent and
56·6 % of Moroccan, Turkish or Surinamese descent. Just
over 30 % of the adolescents were enrolled in the practical

pathway of pre-vocational education (PP VMBO) and
about one-third in pre-university education (VWO).
Although sociodemographic factors were significantly
differently distributed across the school years (P< 0·05),
the differences were relatively small.

Healthy energy balance-related behaviours per
school year
Nearly 75 % of the adolescents consumed breakfast for
more than five days per week (Table 2). More adolescents
met the guidelines for daily vegetable consumption
(49·0 % consumed vegetables daily) than for daily fruit
consumption (40·6 % consumed fruit daily). On average
40·1 % of the adolescents were watching TV or were
behind the computer for less than two hours per day and
approximately 16 % were physically active for more than
one hour per day.

Time trends in healthy energy balance-related
behaviours
There was a significant linear increase over time of posi-
tive screen-time behaviour (<2 h/d; OR= 1·04; 95 % CI
1·03, 1·06) and a significant non-linear decrease over time
of daily vegetable consumption (school year 2012–2013 v.
2006–2007: OR= 0·90; CI 0·80, 1·00; Table 3). Regular
breakfast consumption, daily fruit consumption and reg-
ular physical activity were stable in the total population
during the measured time period.

Table 1 Sociodemographic characteristics of 14-year-old adolescents participating in the Youth Health Monitor between school years
2006–2007 and 2012–2013, Amsterdam, the Netherlands

2006–2007 2007–2008 2008–2009 2009–2010 2010–2011 2011–2012 2012–2013 Total

Participants (n) 2351 2547 2185 2580 3230 3331 3020 19 244
Age (years)

Mean 13·6 13·6 13·5 13·5 13·6 13·5 13·7 13·6
SD 0·7 0·7 0·6 0·6 0·7 0·6 0·7 0·6

Sex (%)
Boys 49·6 48·7 50·8 50·3 48·8 50·1 48·5 49·5
Girls 50·4 51·3 49·2 49·7 51·2 49·9 51·5 50·5

District of Amsterdam (%)
Centre 5·8 6·2 7·0 6·8 6·1 6·5 7·3 6·5
East 15·3 16·0 15·9 16·8 15·8 16·9 18·0 16·4
South-East 8·1 10·3 8·4 10·9 9·0 7·9 8·7 9·0
South 12·0 11·2 12·6 11·0 11·4 11·1 12·7 11·7
North 11·6 11·2 9·9 11·2 14·9 15·6 15·3 13·1
West 16·6 14·3 16·5 15·6 14·1 14·0 14·0 14·9
New-West 30·5 30·7 29·8 27·7 28·9 27·8 24·0 28·3

Ethnicity (%)
Dutch 40·1 42·9 44·6 43·7 44·0 42·8 45·8 43·5
Moroccan 27·1 24·6 25·1 25·6 25·1 27·0 25·0 25·7
Turkish 16·3 14·3 14·9 12·2 13·7 14·7 13·8 14·2
Surinamese 16·5 18·2 15·5 18·5 17·2 15·5 15·5 16·6

Educational level (%)
Practical pre-vocational 34·4 30·9 30·3 28·4 29·4 29·8 31·7 30·6
Theoretical pre-vocational 23·4 23·8 23·8 23·8 23·3 23·7 20·4 23·1
Senior general secondary 15·0 14·9 15·5 15·8 14·7 15·1 17·2 15·5
Pre-university 27·1 30·3 30·4 31·9 32·6 31·5 30·7 30·8

780 FJ Meijerink et al.

https://doi.org/10.1017/S1368980015001743 Published online by Cambridge University Press

https://doi.org/10.1017/S1368980015001743


Time trends in healthy energy balance-related
behaviours according to educational level
Interaction terms for time and educational levels were statis-
tically significant for daily fruit consumption (P=0·017) and
positive screen-time behaviour (P=0·002) and not statistically
significant for daily breakfast consumption (P=0·60), daily
vegetable consumption (P=0·80) and regular physical activity
(P=0·21). Daily consumption of fruit decreased significantly
(P=0·001) for students who were enrolled in practical pre-
vocational education (lowest educational level) between
school years 2006–2007 and 2012–2013, but no statistically
significant time trends in daily fruit consumption were found
for other educational levels (P=0·29–0·49; Fig. 1). Positive
screen-time behaviour increased significantly for adolescents
enrolled inpre-vocational education (practical and theoretical;
P<0·001) and general secondary education (P=0·003) over
the seven years (Fig. 2), while no time trend was observed for
adolescents enrolled in pre-university education (P=0·82). In
each year, the highest percentage of adolescents who repor-
ted healthy EBRB was observed among students enrolled in
pre-university education (P<0·001).

Time trends in healthy energy balance-related
behaviours according to ethnicity
Interaction terms for time and ethnicity were statistically
significant for daily fruit consumption (P= 0·018), daily
vegetable consumption (P< 0·001) and positive screen-time

behaviour (P< 0·001). The interaction terms for time and
ethnicitywere not significant for daily breakfast consumption
(P= 0·069) and regular physical activity (P= 0·45). Daily fruit
consumption decreased significantly in adolescents of Sur-
inamese origin (P= 0·006) and adolescents of Turkish origin
(P= 0·015) over the seven years, but was stable in adoles-
cents of Dutch origin (P= 0·63) and adolescents of Moroccan
origin (P= 0·81; Fig. 3). Changes over time in daily vegetable
consumption are presented in Fig. 4. Daily consumption of
vegetables was significantly lower in school year 2012–2013
compared with school year 2006–2007 in adolescents of
Turkish origin (P= 0·005) and adolescents of Moroccan ori-
gin (P= 0·006) but not in adolescents of Dutch origin
(P= 0·93) and adolescents of Surinamese origin (P= 0·22).
Positive screen-time behaviour increased significantly for
adolescents of Surinamese origin (P< 0·001), adolescents of
Turkish origin (P< 0·001) and adolescents of Moroccan ori-
gin (P= 0·003), but was stable for adolescents ofDutch origin
(P= 0·61; Fig. 5). In each year, the highest percentage of
adolescents who reported healthy EBRB was observed
among adolescents of Dutch ethnic background (P< 0·001).

Discussion

To our knowledge, the present study is the first large-scale
study assessing time trends in healthy EBRB, including
regular breakfast consumption, daily fruit and vegetable

Table 2 Percentages of 14-year-old adolescents participating in the Youth Health Monitor with healthy energy balance-related behaviours
between school years 2006–2007 and 2012–2013, Amsterdam, the Netherlands

2006–
2007

2007–
2008

2008–
2009

2009–
2010

2010–
2011

2011–
2012

2012–
2013 Total

Regular breakfast consumption (≥5 d/week) 73·7 74·1 77·2 74·8 74·0 73·8 76·8 74·8
Daily vegetable consumption 49·5 52·9 53·4 53·9 45·6 43·5 47·5 49·0
Daily fruit consumption 41·5 41·8 41·4 39·3 40·5 39·2 40·9 40·6
Positive screen-time behaviour (<2 h/d) 36·2 38·7 40·9 38·6 38·6 42·8 43·8 40·1
Regular physical activity (≥1 h/d)* – – – – 16·9 15·4 16·0 16·1

*No data were available from school year 2006–2007 to school year 2009–2010.

Table 3 Seven-year time trends in healthy energy balance-related behaviours among 14-year-old adolescents participating in the Youth
Health Monitor, Amsterdam, the Netherlands

OR, crude 95% CI OR, adjusted† 95% CI

Regular breakfast consumption (≥5 d/week) 1·01 0·99, 1·03 1·01 1·00, 1·03
Daily vegetable consumption‡
Year 2007–2008 1·15* 1·03, 1·23 1·14* 1·02, 1·28
Year 2008–2009 1·17* 1·04, 1·31 1·14* 1·01, 1·28
Year 2009–2010 1·20* 1·07, 1·34 1·17* 1·05, 1·31
Year 2010–2011 0·86* 0·77, 0·95 0·85* 0·76, 0·95
Year 2011–2012 0·79* 0·71, 0·87 0·77* 0·69, 0·86
Year 2012–2013 0·92 0·83, 1·03 0·90* 0·80, 1·00
Daily fruit consumption 0·99 0·98, 1·00 0·99 0·98, 1·00
Positive screen-time behaviour (<2 h/d) 1·05* 1·03, 1·06 1·04* 1·03, 1·06
Regular physical activity (≥1 h/d) 0·97 0·90, 1·03 0·96 0·90, 1·03

*P< 0·05.
†Adjusted for sex, age and district of Amsterdam.
‡Non-linear trend.
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consumption, regular physical activity and positive screen-
time behaviour, according to educational level and ethnic
background in adolescents living in an urban area. The
results show that, among 14-year-old adolescents, positive
screen-time behaviour increased significantly over seven
years while daily vegetable consumption decreased from
school year 2006–2007 to 2012–2013. Time trends in
positive screen-time behaviour were significantly different

across educational levels and ethnic backgrounds. For all
educational levels and ethnic backgrounds an increase in
positive screen-time behaviour was found except for the
highest educational level and adolescents of Dutch origin.
A decrease in daily fruit consumption was solely found
among adolescents in the lowest educational level and
among Surinamese and Turkish adolescents. Time trends
in daily vegetable consumption were significantly different
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Fig. 2 Percentages of 14-year-old adolescents participating in the Youth Health Monitor meeting the advice for positive screen-time
behaviour (<2 h/d), stratified by educational level (+ - + - + , practical pathway of pre-vocational education (PP VMBO); □-□-□,
theoretical pathway of pre-vocational education (TP VMBO); ▲-▲-▲, senior general secondary education (HAVO); × - × - × , pre-
university education (VWO)), for school year 2006–2007 until school year 2012–2013, Amsterdam, the Netherlands. Odds ratios
and 95% confidence intervals adjusted for sex, age, district of Amsterdam and ethnicity, for school year 2012–2013 v. 2006–2007:
PP VMBO (OR = 1·06; 95% CI 1·03, 1·10), TP VMBO (OR= 1·06; 95% CI 1·03, 1·10), HAVO (OR= 1·06; 95% CI 1·02, 1·10), VWO
(OR= 1·00; 95% CI 0·97, 1·02)
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Fig. 1 Percentages of 14-year-old adolescents participating in the Youth Health Monitor meeting the guidelines for daily fruit
consumption, stratified by educational level (+ - + - + , practical pathway of pre-vocational education (PP VMBO); □-□-□, theoretical
pathway of pre-vocational education (TP VMBO); ▲-▲-▲, senior general secondary education (HAVO); × - × - × , pre-university
education (VWO)), for school year 2006–2007 until school year 2012–2013, Amsterdam, the Netherlands. Odds ratios and 95%
confidence intervals adjusted for sex, age, district of Amsterdam and ethnicity, for school year 2012–2013 v. 2006–2007: PP VMBO
(OR = 0·96; 95% CI 0·93, 0·98), TP VMBO (OR= 1·01; 95% CI 0·98, 1·04), HAVO (OR= 1·02; 95% CI 0·98, 1·06), VWO
(OR= 0·99; 95% CI 0·96, 1·01)
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across ethnicity. Turkish and Moroccan adolescents
consumed significantly less vegetables in school year
2012–2013 compared with school year 2006–2007.

Screen-time behaviour
The increase in positive screen-time behaviour between
school years 2006–2007 and 2012–2013 is supported by a
recent Norwegian study that found the proportion of

adolescents engaging in screen-time behaviour for more
than 2 h/d decreased from 55 % to 45 % between 2001 and
2008(29). In contrast, a German study found that screen-
time behaviour was stable between 2002 and 2010. They
found a decrease in watching TV, however this was
compensated for by an increase in non-gaming computer
use(30). Further analyses of the screen-time variables in the
present study (data not shown) revealed a decrease in
both TV time and computer time. We cannot exclude the
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Fig. 3 Percentages of 14-year-old adolescents participating in the Youth Health Monitor meeting the guidelines for daily fruit
consumption, stratified by ethnicity (+ - + - + , Dutch; □-□-□, Turkish; ▲-▲-▲, Moroccan; × - × - × , Surinamese), for school year
2006–2007 until school year 2012–2013, Amsterdam, the Netherlands. Odds ratios and 95% confidence intervals adjusted for sex,
age, district of Amsterdam and educational level, for school year 2012–2013 v. 2006–2007: Dutch (OR = 1·01; 95% CI 0·99, 1·03),
Turkish (OR= 0·95; 95% CI 0·92, 0·99), Moroccan (OR= 1·00; 95% CI 0·97, 1·03), Surinamese (OR= 0·95; 95% CI 0·91, 0·99)
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Fig. 4 Percentages of 14-year-old adolescents participating in the Youth Health Monitor meeting the guidelines for daily vegetable
consumption, stratified by ethnicity (+ - + - + , Dutch; □-□-□, Turkish; ▲-▲-▲, Moroccan; × - × - × , Surinamese), for school year
2006–2007 until school year 2012–2013, Amsterdam, the Netherlands. Odds ratios and 95% confidence intervals adjusted for sex,
age, district of Amsterdam and educational level, for school year 2012–2013 v. 2006–2007: Dutch (OR = 1·02; 95% CI 0·86, 1·22),
Turkish (OR= 0·64; 95% CI 0·47, 0·88), Moroccan (OR= 0·73; 95% CI 0·59, 0·91), Surinamese (OR= 0·86; 95% CI 0·65, 1·13)
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possibility that the decrease in TV time found in the pre-
sent study was compensated for by the use of a smart
phone. The National Youth Monitor in the Netherlands
observed an increased use of (mobile) Internet among
adolescents in the past decade, but also a decline in
watching TV(31). However, the smart phone is only fourth
among the most-used mobile Internet devices (below
laptop/MacBook, personal computer and video games
console)(32) and it is thus unclear to what extent smart
phone use has influenced the total computer time of
adolescents in our study.

Despite the increase in positive screen-time behaviour,
there is much room for improvement considering the size
of the changes over the seven years. The percentage of
(non-pre-university education and non-Dutch) adolescents
who watched TV or played the computer for no longer
than two hours per day on average increased by approxi-
mately 10% in seven years and only 20–40% of these
adolescents met the advice for positive screen-time beha-
viour. For adolescents enrolled in pre-university education
or of Dutch origin, this percentage was about 60%.

Vegetable consumption
The decrease in vegetable consumption in school year
2012–2013 compared with school year 2006–2007 is of
concern, especially because adolescents are among the
lowest vegetable consumers in the Dutch population(33).
The time trend for vegetable consumption was non-linear
and the decline in vegetable consumption did not appear
until school year 2010–2011. It might be possible that a
modification of the question on vegetable consumption in
the electronic questionnaire (partly) explains this decline.

In the paper questionnaire, used from school year 2006–
2007 to school year 2009–2010, the following question was
used to assess vegetable consumption: ‘Howmany days per
week do you eat vegetables? (e.g. tomato, broccoli, carrots,
cabbage, mushrooms)’. The examples of different vege-
tables were not included in the electronic questionnaire,
which may have caused an underestimation of the actual
vegetable intake. Nevertheless, another study which used
validated questionnaires, conducted among a large
sample size of 11-year-old children in the Netherlands,
also found a decrease in vegetable consumption between
2003 and 2009(34). In addition, a decrease in vegetable
consumption was found in the adult population in the
Netherlands(13).

The percentages of adolescents who met the guidelines
for vegetable consumption were especially low for the
adolescents of Turkish and Moroccan origin (respectively
between 30 and 40 % in school year 2006–2007 and 20 and
30 % in 2012–2013). Even though these percentages were
higher for adolescents of Dutch ethnic background and
adolescents of Surinamese ethnic background (both
between 55 and 65 %), stimulation of vegetable con-
sumption remains important for all adolescents.

Educational and ethnic differences
In the current study, daily fruit consumption, regular
breakfast consumption and regular physical activity were
stable over time. Nevertheless, percentages of adolescents
meeting guidelines for fruit consumption (40 %) and
physical activity (16 %) were low, thus promotion of these
EBRB remains an important topic for public health. This
particularly holds for daily fruit consumption, which
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Fig. 5 Percentages of 14-year-old adolescents participating in the Youth Health Monitor meeting the advice for positive screen-time
behaviour (<2 h/d), stratified by ethnicity (+ - + - + , Dutch; □-□-□, Turkish; ▲-▲-▲, Moroccan; × - × - × , Surinamese), for school year
2006–2007 until school year 2012–2013, Amsterdam, the Netherlands. Odds ratios and 95% confidence intervals adjusted for sex,
age, district of Amsterdam and educational level, for school year 2012–2013 v. 2006–2007: Dutch (OR =1·00; 95% CI 0·98, 1·03),
Turkish (OR=1·11; 95% CI 1·07, 1·16), Moroccan (OR=1·05; 95% CI 1·02, 1·08), Surinamese (OR=1·10; 95% CI 1·05, 1·14)
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showed a significantly decreasing trend among adoles-
cents with lower educational levels and adolescents of
non-Dutch origin. In previous studies it was shown that
lower socio-economic status associated with less favour-
able EBRB(35,36). Indeed, in our study, the percentage of
adolescents meeting the guidelines for healthy EBRB was
the lowest for adolescents enrolled in pre-vocational
education and the highest for adolescents enrolled in
pre-university education. Trends in most EBRB (i.e. regular
physical activity, daily vegetable consumption and regular
breakfast consumption) were, however, similar across
educational levels. Interestingly, an increase in positive
screen-time behaviour (i.e. screen time <2 h/d) was found
among all educational levels except pre-university level.
However, the fact that pre-university students reported a
two times higher prevalence of healthy EBRB than pre-
vocational students still emphasizes the need to focus
prevention programmes targeting unhealthy behaviour on
the lower educated adolescents.

The decreasing overweight prevalence among adoles-
cents of Dutch ethnic background, but not among adoles-
cents of non-Dutch ethnic background(5), suggests that
healthy EBRB could have increased among the adolescents
of Dutch origin but not among the adolescents of
Surinamese, Turkish or Moroccan origin. Indeed, trends in
daily fruit and vegetable consumption were significantly
different across ethnicities, but rather than an increase
among students of Dutch ethnic background, we observed
a decrease among the non-Dutch groups. In all ethnic
groups, positive screen-time behaviour had increased over
seven years’ time, although as mentioned before, we had
no data on smart phone use.

Implications for health policy
The generally lower percentages of healthy EBRB among
lower educated and adolescents of non-Dutch ethnic
background confirm the need to target these groups spe-
cifically. Educational interventions can be effective in
promoting dietary intake, physical activity and positive
screen-time behaviour(37–40). Our results suggest that these
interventions should be implemented especially in pre-
vocational schools to reach the groups most at risk: on
average 75 % of non-Dutch adolescents are enrolled in
pre-vocational education. An example of an intervention
that promotes healthy dietary intake in secondary schools
in the Netherlands is the ‘Healthy School Canteen’, which
focuses on changing school nutrition policy and increasing
the healthy product choices in school canteens. It was
shown that children make healthier choices when the
availability of healthy products is increased(41).

Strengths and limitations
Some strengths and limitations should be considered while
interpreting the results of the current study. A major strength
is the high participation rate and the representativeness of

the study sample. Each year, more than 90% of the schools
took part in the project and sociodemographic character-
istics of the participants were representative for all Amster-
dam 14-year-olds(42,43). Our study was therefore able to give
a good representation of EBRB in adolescents in Amsterdam
and, as such, a good indication of EBRB in a European urban
city. However, extrapolating the results of the study to non-
urban areas should proceed with caution(44). A potential
limitation of the study is the use of self-reported ques-
tionnaires, which could lead to socially desirable answering.
To minimize this source of bias all students were informed
about the confidentiality of their answers. Another possible
limitation of the questionnaires might be the transition from
the paper questionnaire to the electronic questionnaire in
school year 2010–2011. The questions used to assess vege-
table consumption and screen-time behaviour changed
slightly in the electronic questionnaire and a significant
change in both behaviours was found after use of the elec-
tronic questionnaire. However, the decrease in vegetable
consumption and increase in positive screen-time behaviour
were consistent with other studies(13,29,34), although it
remains possible that the latter is attributable to the lack of
smart phone assessment. More importantly, Van de Looij-
Jansen et al. previously observed that computer-based
administration yields no other results than paper ques-
tionnaires(45). The questions on EBRBwere not validated for
different educational levels and ethnic groups; therefore we
cannot exclude the possibility of underestimation, particu-
larly in the group of lower educated adolescents of
non-Dutch ethnic background. However, potential under-
estimation is not likely to depend on school year and is
therefore not likely to have affected our time trend analyses.

Conclusion

To our knowledge, the present study is the first large-scale
study to examine time trends in healthy EBRB according to
educational level and ethnicity among adolescents living in an
urban area. Unfortunately wewere not able to relate trends in
EBRB to trends in overweight in this population. Nevertheless,
our study provides important insight into current trends
among groupsmost at risk, which will help to further develop
and target health-promotion activities aimed at adolescents in
an urban city. We found an increase in positive screen-time
behaviour, butmore research into the use ofmobile phones is
required. Overall, the discouragement of too much screen
time and the promotion of other healthy behaviours, in
particular daily fruit and vegetable consumption, remain
important, particularly among adolescents enrolled in pre-
vocational education and of non-Dutch ethnic background.
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