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Summary
The health gains of consuming a diet high in fruit and vegetables (FV) and low in
unhealthy energy-dense foods and beverages is well documented. In Norway and
other European countries, the population have a lower consumption of FV and a
higher consumption of unhealthy foods than recommend by national and
international health authorities. Furthermore, studies have shown that individuals
with lower socioeconomic status (SES) and males, generally have less healthy
diets compared to higher SES individuals and females. Based on findings
suggesting that dietary habits developed in childhood may track into adulthood,
several health-promoting initiatives have specifically targeted young children and
adolescents. School fruit and vegetable schemes, which aim to improve dietary
habits and reduce social inequalities in dietary behaviour among children and
adolescents, represent one of the initiatives implemented in several countries,
including Norway. Few studies have, however, investigated FV schemes longterm effects, and their potential effect among adolescents. Furthermore, no
previously published studies have examined if a dietary intervention
implemented in childhood can modify tracking of dietary behaviours into
adulthood. Thus, the aim of the present thesis was to contribute to the research on
school-based fruit and vegetable schemes to improve diet among school-aged
children and adolescents and examine dietary habits over time, with a focus on
long-term effects, socioeconomic status and sex.
A total of four papers is included in the current thesis. The sample in paper I and
II includes data from Fruit and Vegetables Makes the Marks project (FVMM). In
2001, the FVMM baseline study included 1950 6th and 7th graders attending 38
randomly drawn elementary from two Norwegian counties. Nine of the schools
were randomly selected as intervention schools and participated in the
Norwegian school fruit program for 10 months without costs, while the
remaining 29 schools served as control schools. Five follow-up surveys were
conducted between 2002 and 2016. The third paper is a design study and
describes how the free Norwegian school fruit scheme (NSFS) can be evaluated
as a natural experiment. The sample in paper IV consists of adolescents
participating in the Yong-HUNT study conducted in 1995-97 and 2006-08,
which is the adolescent part of the Nord-Trøndelag Health Study (HUNT). A
brief summary of paper I-IV is presented below.
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Paper I evaluated the effect of 10 months free participation in the Norwegian
school fruit program on the consumption of fruit, vegetables and unhealthy
snacks, according to SES and sex, 14 years after the intervention period. Based
on the linear mixed models, no overall intervention effects were observed on
fruit, vegetables and unhealthy snacks. However, significant interactions showed
sustained fruit consumption among females in the intervention group compared
to females in the control group, and further significant interactions showed that
this effect was only significant among low SES females.
Paper II assessed tracking of fruit, vegetables and unhealthy snacks over a 15year period and whether participation in a free FV scheme lasting 10 months
modified tracking, according to SES and sex. Results from mixed models showed
low to moderate tracking coefficients for fruit, vegetables and unhealthy snacks.
Most analyses showed no significant differences between the intervention group
and control group, which indicated that the free fruit intervention did not modify
tracking of fruit, vegetables or unhealthy snacks.
Paper III describes how the NSFS was implemented as a natural experiment, and
how the potential effects of the NSFS can be evaluated. Between 2007 and 2014,
the NSFS was implemented in combined- (grades 1-10) and junior high schools
(grades 8-10), but not in primary schools (grades 1-7). The NSFS can be
evaluated by using data such as The Nord-Trøndelag Health Study (as
demonstrated in paper IV), The Mother and Child Cohort Study, the Norwegian
Child Growth Study/Growth in Teenagers and the Health behaviour in SchoolAged Children study. The datasets presented, have collected cross-sectional or
longitudinal data on children and adolescents dietary consumption and/or weight
status, before, during and after the implementation.
Paper IV evaluated the NSFS effect on adolescent’s dietary consumption,
examined dietary changes between 1995 and 2008 according to SES and sex, and
whether secular changes in dietary habits differed by NSFS school and control
schools. Based on multilevel logistic regression analysis, results indicated that
those who were exposed to the NSFS had a significant increased odds of fruit
consumption compared to adolescents who were unexposed, regardless of sex
and SES. Between 1995 and 2008 results showed that adolescents were more
likely to consume fruit, vegetables, sugar-sweetened beverages and potato chips.
Secular analysis by school type indicated that adolescents within NSFS schools
vii

were more likely to consume fruit compared to adolescents within control
schools.
Results from this thesis suggest that the school fruit schemes increase fruit
consumption while operating but indicate that long-term effects might be limited.
The current thesis highlights the importance of utilizing existing data to evaluate
the NSFS.
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1 Introduction
A political priority in Norway, as in most other European countries, is to improve
eating habits in the general population and to reduce social inequalities in diet
and health (1, 2). Currently, the Norwegian population have a lower consumption
of fruit and vegetables (FV) and a higher consumption of unhealthy foods than
recommended by national health authorities and the World Health Organization
(WHO) (3-6). Furthermore, individuals with low socioeconomic status (SES)
have less favourable diets compared to individuals with high SES (3, 5, 7). It is
therefore important that primary preventive interventions are effective among the
entire population, especially among individuals with low SES (8).
Previously published studies suggest that dietary habits learned in childhood may
sustain into adulthood (9), therefore several intervention studies have been
implemented to promote an increased FV consumption among children (10). In
general, schools have been identified as an important arena for health promotion
among children and adolescents (11), and school-based fruit and vegetable (FV)
schemes, providing children with free or subsidised fruit and/or vegetables, have
been launched in several countries (12-16). Current evidence suggests that FV
interventions are effective in increasing fruit consumption while operating, but
have minimal impact on vegetable consumption (10), regardless of sex and SES
(17). Furthermore, results have indicated that FV schemes may reduce the
consumption of unhealthy snacks among children (18, 19). In Norway, the
Norwegian School Fruit Scheme (NSFS) provided school-aged children with free
FV every school day from 2007 to 2014. The NSFS can be evaluated by utilizing
existing data collected in this period of time, and the results may contribute to fill
knowledge gaps regarding short- and long-term effects of FV schemes on FV and
unhealthy snacks consumption among both children and adolescents.
Few previous studies have evaluated the long-term effects of initiatives aimed to
increase FV consumption, including FV schemes (20-25). Consequently, there is
limited evidence to determine if FV schemes may lead to permanent dietary
changes after the provision of FV ceases. Furthermore, no previously published
studies have actually provided evidence confirming that a dietary intervention
implemented in childhood can modify tracking into adulthood.
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The overall aim of this current thesis was to contribute to the research on schoolbased fruit and vegetable schemes to improve diet among school-aged children
and adolescents and examine dietary habits over time, with a focus on long-term
effects, socioeconomic status and sex.
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2 Background
2.1 Diet and health
Worldwide, non-communicable diseases (NCDs), including cardiovascular
disease (CVD), cancers, and type two diabetes, are major causes of morbidity
and mortality (26). According to the WHO, NCDs were responsible for 40.5
million or 71% of global deaths in 2016 (26). Modifiable risk factors including
unhealthy diet, physical inactivity, use of tobacco and high consumption of
alcohol increase the risk of NCDs (27). In 2017, a systematic analysis for the
Global Burden of Disease Study reported that 22% of all deaths (11 million) and
15% of disability-adjusted-life-years1 (28) (DALYs, 255 million) were
attributable to a suboptimal diet, and diet alone was responsible for more NCDs
deaths than any other risk factor (29). Diets high in sodium, low in whole grains,
fruit, nuts and seeds, vegetables and omega-3 fatty acids, were separately
responsible for more than 2% of deaths, and 2 million deaths and 65 million
DALYs were attributable to a low fruit consumption (29). A systematic review
and meta-analysis reported that a combined fruit and vegetable consumption
below 500 grams/day and 800 grams/day were attributable for respectively 5.6
and 7.8 million premature deaths worldwide (30).
Fruit and vegetables are high in dietary fibre, vitamins, minerals and
phytochemicals (31). Furthermore, fruit and vegetables are generally low in
energy per serving, although there is a large difference between nutritional
content in different types/families of FV (32). Observational studies suggest that
higher consumption of FV is associated with reduced weight gain and lower
body weight (33). Due to FV` low energy density, it has been implied that FV
may be more satiating compared to other foods similar in energy content, which
in turn may lead to displacement of other energy-dense foods in an individual’s
diet (34, 35). Consequently, increased FV consumption has been suggested as a
strategy to prevent obesity (6). However, a systematic review concluded that
promoting increased FV consumption, without any additional advice did not
seem to increase short-term weight gain (36). Results from another systematic
review and meta-analysis revealed an inverse association between fruit and
1

Disability-Adjusted Life Year (DALY) “can be defined as one lost year of “healthy” life. The sum of
DALYs in the population, or the burden of disease, can be seen as a measurement of the gap between the
current health status and an ideal health situation where the entire population lives to an advanced age,
free of disease and disability (28).
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vegetable and prospective changes in anthropometric measurements, however,
their results were limited by poor study quality (37).
Several studies, however, have shown that if consumed in ample amounts, fruit
and vegetables can contribute to prevent morbidity and mortality from noncommunicable diseases (NCD) including cardiovascular diseases (CVD), type
two diabetes and certain types of cancers (30, 33, 38-40). A systematic review
and meta-analysis estimated that per 200 grams/day of fruit and vegetables
combined, the relative risk of certain NCDs (coronary heart disease, stroke, total
CVD and cancer) and all-cause mortality decreased, and risk reduction was
observed up to 800 grams/day (30). Another meta-analysis revealed that an
increase of one serving of fruit or vegetable per day reduced the relative risk of
type two diabetes by 0.93 and 0.90, respectively (40). Findings from these
systematic reviews and meta-analysis indicate a dose-response relationship
between FV and NCDs. These latter findings are encouraging, as they suggest
that health effects are present even when consumption is lower than
recommended.
On the other hand, studies have revealed that an ample consumption of foods
high in sodium, saturated fats and sugar increased the risk of NCDs (29, 41). A
diet high in added sugar is associated with poor dietary quality, obesity, dental
caries and risk of NCDs, such as type two diabetes and CVD (42-47). A
systematic review and meta-analysis of the association between intake of dietary
sugars and body weight in adults and children concluded that intake of added
sugars or SSBs is a determinant of body weight (48). Added sugar contributes to
the overall energy density of diets and may contribute to food energy excess and
a positive energy balance (49). Therefore, the intake of energy-dense foods high
with low nutritional value, such as SSB, candy and salty snacks should be
limited. Being in energy balance (i.e. not consuming more/less that is necessary)
is of importance to maintain a healthy weight status and an optimal nutrient
status (41). Research indicates that added sugar, particularly in the form of SSBs,
contributes to an unhealthy diet by suppressing the consumption of other foods
rich in nutrients and increases the total energy intake in the diet (44, 45, 50).
It is evident that a healthy diet is one of the most important factors associated
with good health (29). Therefore, both international and national dietary
guidelines provide a basis for planning a diet that contributes to growth,
4

development and the prevention of diet-related chronic diseases (4, 6). The WHO
recommends the general population, including children and adolescents, to
consume at least 400 grams of fruit, vegetables and berries per day, which is 100
grams less than the Norwegian recommendations on diet and nutrition,
recommending at least 500 grams per day (i.e. five portions/day) (4, 6). Both the
WHO- and the Norwegian recommendations state that foods high in added sugar,
saturated fat and salt should be limited in order to adhere to a diet that promotes
good health. The WHO and the Norwegian recommendations on diet and
nutrition advise the population to limit the consumption of foods high in added
sugar, such as sugar-sweetened beverages, confectionery and candy to maximum
10% of the total energy intake (6, 51).

2.2 Diet among children, adolescents and adults
Consumption of fruit and vegetables
In 2017, the fruit and vegetable consumption of the adult population in western
Europe was roughly 100 grams/day and 200 grams/day, respectively (29). A
national dietary survey conducted in 2011 revealed that approximately 20% of
the adult population in Norway adhered to the national FV recommendation, and
the mean consumption was estimated to 363 gram/day and 387 gram/day among
males and females, respectively (5).
The PRO GREENS survey conducted in 2009 among 11-years old in 11
European countries, found that the mean consumption of fruit and vegetables was
161 grams per day and 101 grams per day, respectively. Further, in 2009, only
23.5% of the included 11-year olds adhered to the WHO FV recommendation of
≥400 gram per day (52). In 2015, the Norwegian national dietary survey
(Ungkost) found that the consumption of fruit, vegetables and berries was
approximately 200 grams per day among 9- and 15-year olds (3).
In 2007, results from the HELENA study, which included samples from 10
European cities, showed that adolescents (12.5-14.9 years) median consumption
of fruit and vegetable consumption was 93.8 gram per day and 61.9 grams per
day, respectively. Furthermore, results from the cross-sectional survey Health
Behaviour in School-aged Children (HBSC), which included data from 33
European countries, showed an overall positive trend regarding FV consumption,
as adolescents in 2010 were 22% and 20% more likely to consume fruit and
5

vegetables compared to adolescents in 2002 (53). In 2016, a report of the
Norwegian HBSC data, including 11-,13-, 15-, and 16-year olds, revealed that
about 50% of the included participants reported eating FV ≥5 times a week (54).
Consumption of added sugar and saturated fat
Globally, intakes of added sugar seem to be higher among school-aged children
and adolescents compared to younger children and adults (55). Results from a
review, summarizing 11 representative surveys from 10 European countries
revealed that added sugar contributed with 7.3-11.4% of total energy intake in
adults and between 15.6-25.6% of total energy intake in children, which
indicated that the population in several countries exceeded the upper
recommended level of added sugars (10 E%) (56). Results from the latter
mentioned review also reported that the major contributors to the total amount of
added sugars in the diet were sweets (contributed between 40-50% in children)
followed by SSBs (contributed 20-34% in children) (56). Another review,
including studies from 24 European countries, reported that the contribution of
saturated fat to total energy intake ranged from 8.9-15.5% among adults, and
participants from only two countries (Israel and Portugal) revealed an intake of
saturated fat in accordance with the WHO recommendation (57). A review of
national dietary surveys among European children reported that intake of
saturated fats were above the maximum recommended level in all the 19
participating countries (58).
Results from a national dietary survey among Norwegian adults conducted in
2010-11 indicated that added sugar and saturated fat contributed on average with
7.3% and 13.0% of the total energy intake (5). In Norway, national dietary
surveys have reported a higher intake of added sugar and saturated fat among
children and adolescents than recommend by national authorities (3). Results
from the Norwegian survey, Ungkost (2015), indicated that added sugar and
saturated fat contributed with 12% and 13% of the total energy intake among 9year olds and 13-year olds (3). However, compared to data presented in a survey
conducted in 2000, which showed that added sugar contributed with 17-18% of
the total energy intake among children and adolescents, the results from Ungkost
conducted in 2015 indicate a significant reduction in intake over time (59).
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2.3 Inequalities in diet and health
Socioeconomic inequalities in diet and health
Socioeconomic status (SES) is defined as an individual’s combined social and
economic status and is often measured by education, income and occupation
(60). Although SES is measured at the individual level, it is important to realise
that SES is also partly determined by the society in which an individual live and
the “structural relations between the groups within that society” (61).
Education is a frequently used measure of SES within epidemiology and nutrition
research and can be used as an indicator of SES from childhood (parental) to
adulthood (own). According to Weberian theory, education measures an
individual’s knowledge related assets (62). The knowledge and expertise attained
through education may affect an individual’s cognitive function, which makes
them more responsive to health messages and health education (62). Education is
also highly correlated with future income and occupational status (63), in
addition to higher literacy which allows individuals to make informed healthrelated decisions (64). Thus, individuals with higher education may be more able
to approach appropriate health services and more able to communicate with
health care professionals (61). Parental education (maternal or paternal) is
considered to reflect a child’s access to material, intellectual and other resources
of its family, and high parental education has generally a positive effect on a
child’s performance in school and future level of education (65, 66).
Educational intentions have been examined as a possible indicator of SES among
adolescents (67). A previously published study showed that adolescents who
planned general education at age 13 remained in this category at age 15 and 18,
while those who were indecisive or planned to work at age 13 tended to change
their route of education at the following measurements (67). Further results from
this study showed that a majority of those with high educated parents planned to
complete higher education themselves, whereas 2/3 of those with low educated
parents planned to complete higher education themselves. Despite its limitations,
the author concluded that educational intentions can serve as a useful measure of
SES in adolescents.
According to Galobardes and colleagues, there is no superior indicator for SES,
which is suitable regardless of the aims of the study (68). Each indicator
7

measures different aspects and may be more or less relevant to different health
outcomes and at different life stages (68). It is important to keep in mind that if
an SES indicator has an association with a health-related outcome, this does not
include the total effect of SES on the outcome. Regardless of the indicator used,
it is important to aware of the indicator’s strengths and limitations.
Studies have shown that individuals with lower SES have increased risk of
developing and dying from certain types of NCDs in both low, middle and highincome countries when compared to high SES individuals (69, 70). The
phenomenon whereby individuals with low SES have worse health and live
shorter lives compared to individuals with high SES is known as the social
gradient in health (71).
Socio-economic differences in health-related behaviours, including dietary
behaviour, contributes to the socioeconomic gradient in health (72).
Epidemiological data have shown that people with lower SES have less
favourable diets including lower consumption of FV and higher consumption of
foods high in sugar and fat compared to people with higher SES (73-78).
In Norway, higher SES is associated with higher FV consumption and lower
consumption of SSBs (7, 79). A study examining changes in dietary habits
among Norwegian adolescents between 2001, 2005 and 2009, found that
adolescents with higher SES were more likely to consume fruit and vegetables
daily, but not SSBs and sweets when compared to adolescents with low SES at
all time points and that SES differences in dietary habits were stable in the time
period assessed (7). In contrast, a Norwegian longitudinal study found that
individuals with high SES had lower consumption of SSBs and that the
inequalities between low and high SES individuals persisted from childhood into
adulthood (79).
Further, the observed gradient in diet quality may be mediated by costs, as price
has been identified as an important determinant of food choice (8). In general,
high energy dense diets including SSBs are cheaper per calorie than low energyhigh nutrient diets including FV (80). Access to healthy food may also explain
the inequality between high and low SES groups. Among children and
adolescents, for instance, home accessibility availably has been identified as an
important determinant for FV consumption (81). Further, there seem to be
8

significant differences in nutritional knowledge between SES groups, with lower
nutritional knowledge among low SES groups (82).
Sex and age inequalities in diet and health
All around the world, females live longer than males (83). This gap in life
expectancy is also observed in Norway. In 2018, the average life expectancy was
84.5 years among females and 81.0 years among males (84).
Studies have revealed that dietary consumption varies according to sex, where
females generally have healthier diets compared to males including higher intake
of fruit, vegetables, dietary fibre and lower intake of fat, salt and added sugars
(85-87). A comprehensive study among European children and adolescents,
found that girls were more likely to consume fruit (OR:1.39) and vegetables
(OR:1.38) compared to boys and that the consumption frequency of both fruit
and vegetables decreased with age (53). Another study examining beverage
intake among adolescents across European countries showed a higher energy
intake from beverages, especially SSBs, among males than females, and that the
consumption increased with age (88). In studies using Norwegian samples,
similar findings have been observed regarding fruit and vegetable consumption
(5, 89) and SSBs (90). The observed differences in dietary consumption among
males and females may partly be explained by females having stronger beliefs in
healthy eating (85), higher preference of healthy foods, such as fruit and
vegetables (81, 89, 91), and lower preference for unhealthy foods high in fat and
added sugar compared to males (91).

2.4 Tracking of dietary habits
During the transition from childhood to early adulthood, several changes occur
that affect dietary behaviour and food choices. From childhood and young
adolescence, multiple factors influence dietary consumption (92). For instance,
during this period parents affect their children diets by making healthy food
available in the home and they serve as role models, as their food behaviours
affect their children’s dietary behaviour (93-96). Transitioning from adolescence
to early adulthood is a period where the social environment and social influences
may change, as the individual may become less family dependent and may
experience stronger influences from friends and partner relationships (97). The
transition into young adulthood may entail the individual moving away from
9

home, changes in school or working environment, which affect dietary choices
(98-100).
Despite all the changes that occur in an individual’s life between childhood and
adulthood, evidence suggests that dietary habits to some extent “track” during
this period (9). Tracking can be defined as the maintenance of the relative
position of a health-related behaviour in rank at the group level, or the relative
stability over a period of time (101).
Dietary patterns have been reported to track over a large number of years (102,
103), and evidence suggests that healthy dietary patterns are more stable over
time (103). Mikkilä and colleagues (102) examined tracking of a “traditional
Finnish” and a “health-conscious” dietary patterns among a Finnish sample of
children and adolescents aged 3-18 over 6 and 21-years, respectively. Both the
“health conscious” (Spearman correlation 0.38) and the “traditional Finnish”
(Spearman correlation 0.32) dietary patterns seemed to track over a 21-year
period, and the highest level of stability was found among those in the highest
quintile in both patterns. Further, their results indicated that tracking was stronger
among those who were adolescents (15-18 years) compared to children (3-12
years) at the initial measurement. Movassagh and colleagues (103) found that a
“vegetarian-style” (β= 0.44) and a “high fat, high protein” (β=0.39) dietary
pattern in females and “vegetarian-style” (β= 0.30) dietary pattern in males,
seemed to moderately track over a 20-year period in a sample aged 8-34 years at
baseline. Although studies examining dietary patterns over time provide a rich
view of contribution from various dietary aspects, an individual can have a high
score for more than one dietary pattern, hence it is difficult to interpret the
change in score of one dietary pattern in association with another dietary pattern.
Studies examining tracking of fruit, vegetables, and unhealthy snacks (i.e. SSBs,
chocolate/sweets/potato chips) consumption have generally shown poor to
moderate tracking (104-107). However, due to methodological challenges to
quantify complex behaviours, such as dietary behaviours, it is possible that
tracking of dietary behaviour has been underestimated (9). Furthermore, results
based on dietary registration may be biased due to individual variation in dietary
consumption within and between days. A scoping review, assessing longitudinal
change in diet between adolescence and adulthood (13-30 years) revealed that
data had significant limitations as the majority of the included studies only used
10

two or three data points, and that different methods were used for assessment of
dietary intake (108).
According to Kelder and colleagues (101), there are several assumptions for the
rationale behind early primary health promotion, including healthy dietary habits
among children and adolescents. The first assumption is that a certain proportion
of children and adolescents have an excess risk for an ill-health outcome, both
physiological and behavioural (poor dietary behaviour). The second assumption
is that the development of these physiological risk factors tracks from childhood
into adulthood. The third assumption is that the development of physiological
risk factors depends largely on when the initiation of the health-compromising
behaviour was initiated (e.g. low consumption of FV). The fourth assumption is
that primary prevention of a given behaviour, known to be related to a
physiological risk factor, can be modified before these behavioural patterns are
more established and resistant to change.
By using tracking as an argument to implement interventions early, it is assumed
that dietary interventions implemented in childhood will maintain to a significant
extent later into life; i.e. that the newly gained intake levels will track throughout
life. However, no previously published studies have examined tracking of dietary
behaviour after participation in an intervention, or whether a dietary intervention
can influence tracking of dietary behaviour.

2.5 Interventions and initiatives aimed to improve dietary habits
Theoretical Framework
Models and theories are useful to understand and explain health behaviour and
guide the development and evaluation of interventions. A relevant perspective for
understanding health behaviour, including dietary behaviour, are Social
Ecological Models (SEM) (109). SEM is a theory-based framework which
provides an understanding for that multiple interactive levels within a social
system influence health behaviour. Based on ecological system theory (110),
McLeroy, Bibeau, Stecker and Glanz (111) presented five nested hierarchical
levels that influence health behaviour: intrapersonal, interpersonal, institutional,
community and public policy. A central principle of SEM is that all levels are
important, and interventions aimed towards multiple levels are more likely to be
more effective compared to interventions aimed towards a single level. There is a
11

general acceptance of the SEM perspective on health behaviour, which is
reflected in international and national strategic documents and frameworks to
improve health and nutrition (2, 112, 113). However, research indicates that
public health interventions are more likely to be aimed towards intrapersonal and
interpersonal factors compared to institutional, community and policy factors
(114).
Structural vs. Agentic interventions
Interventions and initiatives aimed to promote healthy dietary habits can
potentially contribute to the prevention of non-communicable diseases across the
population as a whole (8). However, primary preventive interventions may not
equally benefit all subgroups in the population, and some initiatives might also
widen the gap in health inequalities between those with higher and lower SES
(115). A systematic review by McGill and colleagues aimed to identify whether
interventions aimed to promote healthy eating differed by SES, revealed that
“agentic” interventions, which targeted individual behavioural change, increased
inequalities while “structural” interventions, which involved policy approaches
decreased inequalities (8). More specifically, their results showed that structural
interventions categorised as “Price” seemed most likely to decrease SES
inequalities. The price category included taxation of high energy dense foods,
subsidies on fruit and vegetables and a combination between taxation and
subsidies. The majority of these studies were likely to be effective in improving
dietary outcomes among low SES groups and some of the interventions were
even more effective among low SES groups. Furthermore, some interventions
categorized “Place”, which included interventions that affected environmental
measures (e.g. school-based intervention) were likely to reduce SES inequalities.
The interventions categorised as “promotion”, which included health information
campaigns, showed mixed results.
On the other hand, agentic “Person” intervention, which included health
education interventions and dietary counselling interventions were most likely to
widen the gap between those with higher and lower SES, as the majority of these
studies had a better effect among those with higher SES (8). For instance, two
separate health education programmes, aimed to increase fruit and vegetable
consumption among children, were most effective among those with high SES
(116, 117).
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It is evident that how an intervention is delivered is crucial for its effect among
individuals with lower and higher SES. A characteristic of “agentic”
interventions, which lead to increased inequalities, is that they rely on voluntary
behavioural change (118). For example, an educational dietary intervention can
deliver information on why and how to eat healthy, but ultimately the decision to
change and sustain a healthy diet lies with the individual. In contrast, “structural”
interventions which involve policy approaches can affect large populations
through regulation, increased access, or economic incentives and therefore,
bypass this voluntary behavioural change.
In order to reduce inequalities in diet and health, it is imperative that government
initiatives are effective among low SES groups. However, the vast majority of
the articles who were assessed for inclusion in the review by McGill and
colleagues did not explore differential effect by SES, highlighting the need for
studies assessing the potential differential effects of interventions aiming to
promote healthy dietary habits.
School-based interventions aimed to improve dietary consumption among
children and adolescents
The World Health Organisation proposes that healthy food and improved
nutrition should be a priority on every school agenda, because of the potential
positive effects of children’s well-being (1, 11). Schools have been identified as
an important arena for dietary health promotion, as children consume at least one
meal per day at school, and where it is possible to reach all children, regardless
of SES, sex and ethnicity (119). Several modifiable determinants have been
identified to be associated with children and adolescents FV consumption
including availability and accessibility, preferences and knowledge (81, 120).
School-based interventions can address these determinants, for example through
classroom-based nutrition education and role modelling, as well as
environmental factors through altering the food environment (10, 121, 122).
Therefore, many interventions have been implemented in a school setting to
promote a healthy diet by initiation of single-component programs (e.g.
educational) or multi-component programs (combination of educational and
environmental changes) (119). Furthermore, in school settings, health promoting
interventions may easily be implemented and evaluated. But successful
implementation of interventions can be hindered by barriers, including
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insufficient communication between stakeholders at all levels and time
constraints in the classroom (123).
A review and meta-analysis by Micha et al. (122) found that school-based
interventions providing direct provision of healthy foods, such as fruit and
vegetable schemes increased pupils fruit consumption by 0.27 servings per day
(95% CI 0.17, 0.36) and vegetables by 0.04 (95% CI 0.01, 0.08) servings per
day. Their results indicated that multi-component interventions did not seem to
be more efficient than provision alone (122). Furthermore, competitive
food/beverage policies, including restrictions on SSBs and unhealthy snacks
significantly reduced pupils SSB consumption by 0.18 servings per day and
habitual unhealthy snacks consumption by 0.17 portions per day.
A review and meta-analysis by Evans et al. (10), which aimed to quantify the
impact of school-based interventions on fruit and vegetable consumption among
children between 5 and 12 years, concluded that school-based interventions
moderately improved fruit consumption and had almost no effect on vegetable
consumption. The result from the latter meta-analysis indicated that the
interventions significantly increased fruit consumption by 0.24 portions per day
but not vegetable consumption (0.07 portions per day) (10). Furthermore, Evans
et al. found that multicomponent interventions seemed to result in a larger
increase in fruit and vegetable consumption compared to single-component
interventions, as opposed to Micha. To what extent interventions are
implemented are essential regarding effectiveness. Multi-component
interventions may lead to higher burden among involved stakeholder and
participants compared to single-component programs. Research has shown that
multi-component interventions are seldom implemented as planned (124, 125)
especially in a school setting, where components are poorer implemented than
planned, and intensity of activities decreases over time (126). In addition,
teachers have rated multi-component programs more difficult to implement
compared to single-component programs (e.g. distribution programs) due to extra
workload and time constraints (126, 127). Among parents, lack of time and low
delivery of intervention components has been described as the most important
barrier for parental involvement in school-based interventions (125).
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School fruit and vegetable schemes
In the WHO “European Food and Nutrition Action Plan 2015-2020”, school
nutrition policies, such as school fruit and vegetable schemes, are highlighted as
initiatives that may contribute to healthier food choices as well as contribute to
reducing social inequalities in dietary habits (1). School fruit and vegetable
schemes can be categorized as a structural intervention, as the school food
environment is changed increasing the availability and accessibility of fruit and
vegetables.
Previous studies have shown that school fruit and vegetable schemes seem to
effectively increase the consumption of fruit, but have minimal effect on
vegetable consumption while operating (14, 16, 20, 22, 128). These results are
consistent, regardless of SES and sex (14, 15, 129, 130). Furthermore, free FV
schemes have shown to be a more effective strategy for increasing fruit
consumption compared to FV subscription programmes (12). Additionally, FV
schemes might decrease consumption of unhealthy snacks (17, 18, 25).
Evaluations of FV scheme have generally been conducted to assess effect while
operating or short-term effects (< three months) after the intervention period (13,
14), but few studies have investigated potential medium (3-12 months) (15, 20,
21) or long-term (< 12 months) (22) effects after the intervention period. The
Dutch Schoolgruten Project, which provided children aged 9-10 years with a
piece of fruit or vegetable two times/week for nine months, reported that the
intervention group had a small but significant increase at the 2-year follow-up
compared to the control group (difference in servings/day: 0.15) (21).
Additionally, the pupils in the intervention group brought fewer unhealthy snacks
to school (OR:0.56, 95%CI 0.34, 0.92) (18). The Pro children intervention
combined a fruit and vegetable curriculum, a school component, and a home
component, which lasted a total of 2 years (22). The intervention was conducted
among a sample of 11-year old children in Norway, the Netherlands and Spain.
About 20 months after the intervention was initiated only positive intervention
effects were reported in Norway (91.5 grams/day), however parts of the
intervention were still active (availability of fruit and vegetables at school). The
national school fruit scheme in England provided children aged 5-6 years with a
daily piece of fruit every school day, however, about 12 months after the
invention ended, the children in the intervention region decreased their fruit
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consumption to 12 pieces/week which was significantly lower than children in
the control region (14 pieces/week (20).
In Norway, the Fruit and Vegetable Make the Marks (FVMM) research project
provided one piece of fruit daily to children at elementary school for one year.
Previous results from the FVMM study showed that free provision of fruit and
vegetables resulted in increased consumption of fruit in the intervention group
while the intervention was operating (23), and one (23), three (24) but not seven
years after the ended (25). Additionally, among children with lower educated
parents, a significant reduction of unhealthy snacks was observed while the
intervention was operating and seven years after the intervention ended (17, 25).
As described above, previously published intervention studies evaluating the FV
schemes are hampered by limitations such as short intervention period, and few
studies have evaluated potential medium and long-term effects. Moreover, most
FV schemes have been implemented among children, but studies assessing the
potential effects among adolescents are lacking.

2.6 The history of school fruit schemes in Norway
A Norwegian fruit subscription pilot program was initiated as a collaboration
between the authorities and the Norwegian fruit and vegetable board in 1996.
The fruit subscription pilot program was launched in selected schools with grades
1-10. In the pilot program, the schools could choose if they wanted to participate
or not. At participating schools, the pupils could choose if they wanted to
subscribe for a parental cost of 2.50 NOK per day (1.00 NOK per day was
subsidized by the Norwegian government) (131). The fruit subscription program
was made nationwide in 2003, thus all schools in Norway could choose to be part
of the program. However, the subscription program had low subscription-rates,
e.g. in 2006 only 41% of schools and 28% of schoolchildren within these schools
subscribed (nationally, 12% of all children in grades 1-10 subscribed) (24).
In August 2007, the free Norwegian School Fruit Scheme (NSFS) was
implemented in all junior high schools (grades 8-10) and combined schools
(grades 1-10), but not in primary schools (grades 1-7) in Norway (132). Primary
schools with grades 1-7 were still offered to participate in the fruit subscription
program. The NSFS was legally established and school owners (i.e.
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municipalities or private owners) were responsible for the logistics. The NSFS
was one of several measures to reduce social inequalities in eating behaviour
(133). By implementing the scheme, the Norwegian government aimed to
increase the fruit and vegetable consumption among children and adolescents
(133, 134).
At the time of the implementation, about 275 000 children attended a combinedor a junior high school and were part of the NSFS, while about 343 000 children
attended primary schools (grades 1-7) who were not included in the NSFS. The
NSFS might be one of the most comprehensive and costly dietary intervention in
Norwegian history. In June 2014, the NSFS was abolished because the new
government elected in 2013 wanted to prioritize other school initiatives (135).
The NSFS can be defined as a “natural experiment” as the allocation to exposed
and unexposed groups were the result of Norwegian health policies (136).
Children born in the period between 1992 and 2007 were exposed to the NSFS,
thus some of the children attending combined schools received the full
intervention: 7 years of free school fruit.
At present, all primary schools in Norway are offered to participate in the FV
subscription program (137). At participating schools’ parents can subscribe on
behalf of their children (parental cost of 3.20 NOK/day and 1.50 NOK/day is
subsidised by the Norwegian government). In 2016, about 10% of all schoolaged children (grades 1-10) in Norway subscribed to the FV subscription
program (2).
Cost-effectiveness
In 2005, Sælesminde and colleagues estimated if providing free fruit and
vegetables to all primary school students in Norway could be a
socioeconomically profitable public health initiative (138). The results of the
analysis revealed that the NSFS initiative would be socioeconomically profitable
if 1% of primary school students increased their permanent consumption of fruit
and vegetables from 250 gram to 500 grams/day, or if 10% of primary school
students increased their permanent consumption by 25 grams/day, or if all
primary school students increased their consumption by 2.5 grams/day. (138).
However, there are several uncertainties to the above estimations. Firstly, the
socioeconomic analysis was based on a Danish report which showed that one can
achieve an increased average life expectancy of 1.5 years if fruit and vegetable
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consumption increased from 250 to 500 grams per person per day (139). The
latter report only included a reduced risk from certain types of cancers and CVD
by increased fruit and vegetable consumption but did not consider risk reduction
from type two diabetes. Secondly, a fundamental assumption for the
socioeconomically profitability estimation is that the intervention has effects
throughout life.
In 2015, an updated cost-benefit analysis of the NSFS concluded that the cost per
gained quality-adjusted life years (QALY) was in the range of 100 000- 250 000
NOK for 10 years of free fruit in elementary school, given that the schemes
resulted in an increased fruit consumption throughout life (140). Thus, such an
initiative may be beneficial compared to treating disease. The latter report was
based on number of DALY attributable to low fruit consumption in Norway in
2013, which was developed by the Global Burden of Disease Study (141).
As there is a lack of studies estimating the potential long-term effects of free FV
schemes implemented in primary school, there are uncertainties to which extent
such schemes can lead to permanent dietary changes, and in turn, whether they
may be socioeconomically profitable.
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2.7 Aims
The overall aim of this current thesis was to contribute to the research on schoolbased fruit and vegetable schemes to improve diet among school-aged children
and adolescents and examine dietary habits over time, with a focus on long-term
effects, socioeconomic status and sex.
A total of four papers are included in this current thesis with the following
specific aims:
Paper I: the aim of the first paper was to examine the effects of one year of free
school fruit in elementary school on the consumption of fruit, vegetables and
unhealthy snacks 14 years after the intervention, and whether sex and/or
educational attainment modified the possible effects, by using data from the
FVMM study.
Paper II: the aims of the second paper were i) to investigate the potential tracking
of fruit, vegetables and unhealthy snacks from childhood to adulthood, ii) to
investigate whether exposure to one year of free school fruit at primary school
modified the possible tracking and iii) to study of tracking coefficients differed
by the dietary methods FFQ and 24-hour recall, by using data from FVMM
study.
Paper III: The aim of the third paper was to describe how the Norwegian School
Fruit Scheme (NSFS) effects on diet and weight status can be evaluated as a
natural experiment.
Paper IV: the aims of the fourth paper were i) to examine possible effects of the
free NSFS on dietary consumption in adolescents attending junior high school, ii)
to examine changes in dietary habits among adolescents between 1995 and 2008,
and iii) to examine secular changes in dietary habits in NSFS schools and control
schools between 1995 and 2008 to determine whether dietary trends developed
differently according to school type, by using data from The Nord-Trøndelag
Health study.
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3 Methods
In this thesis, data from and the Fruit and Vegetables Makes the Marks (FVMM)
study and the adolescent part of the Nord-Trøndelag Health Study (YoungHUNT) was used.

3.1 Paper I and II
Study design
The study samples in paper I and paper II consist of participants from the Fruit
and Vegetables Makes the Marks (FVMM) study. In 2001, 48 schools in
Hedmark and Telemark were randomly drawn to participate in the study. The
counties Hedmark and Telemark were chosen because the school fruit
subscription program was to start the school year 2001/02, thus, at baseline of the
FVMM, no schools were part of the scheme. In 2001, 38 elementary schools
from Hedmark and Telemark (19 in each county) agreed to participate in the
FVMM study.
Nine of the schools in Hedmark were randomly selected to participate in the
Norwegian subscription program for free. The remaining 29 schools in both
Hedmark (10 schools) and Telemark (19 schools) served as control schools.
Pupils in the nine intervention schools were to participate in the Norwegian
School Fruit Program without parental payment and therefore, received one piece
of fruit (or vegetables) usually during lunch, every school day from October 2001
to June 2002.
Data collection
The baseline questionnaire survey was conducted in September 2001. Follow-up
surveys were conducted in May 2002, May 2003, May 2005, May 2009 and
January-December 2016. The baseline questionnaire and the follow-ups
conducted in 2002, 2003 and 2005 were conducted by trained staff travelling to
the included schools. The fourth follow-up conducted in 2009, was sent by
regular mail. At the fifth follow-up conducted in 2016, participants were
contacted by phone and social media. Each of the four project workers created a
research profile on Facebook to contact and locate potential baseline participants.
Baseline participants who were verified were sent a private message, with
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information about the project. The participants were given the option to reply to
the questionnaire by receiving a link to the online questionnaire by a private
message on Facebook or e-mail or give their answers by a phone interview.
The FVMM baseline cohort includes 1950 pupils, 996 females and 984 males. At
baseline, 585 were in the intervention group and 1365 were in the control group.
The estimated mean age was 11.8, 12.5, 12.0, 15.5 and 26.5 years in 2001
(baseline), 2002, 2005, 2009 and 2016, respectively. The participation rate was
92% (n=1794), 53% (n=918), 82% (n=1602), 16% (n=320) and 50% (n=982) at
the follow-up surveys in 2002, 2003, 2005, 2009 and 2016, table 1.
Table 1 response rate in the total sample and by intervention- and control group
Baseline
2001

Followup 1
2002
1794
92%

Followup 2
2003
918
53%

Followup 3
2005
1602
82%

Followup 4
2009
320
16%

Total n and 1950
response
100%
rate (%)
Total n and response rate (%) by intervention group and control group
Intervention 585
538
293
500
112
100%
92%
50%
85%
19%
Control
1365
1262
625
1101
208
100%
92%
46%
81%
15%

Followup 5
1016
982
50%
297
51%
685
50%

Research instruments
In the FVMM cohort study, one 24-hour recall and a Food Frequency
Questionnaire was used to measure fruit and vegetable consumption. To assess
participants daily (portions per day) consumption of fruit and vegetables a 24hour recall was used. In the 24-hour recalls conducted in 2001, 2002, 2003 and
2005 the participants were asked to record their consumption of fruit and
vegetables the previous school day. These surveys were conducted on weekdays.
In the questionnaire, the day was divided into five periods: before school, at
school, after school, at dinner and after dinner. This divide was done to help the
participants to better recall their consumption. The 24-hour recall was read out
loud by a project worker to the participants in 2001 and 2002 (follow-up one).
Questions were formulated like (baseline questionnaire): did you eat fruit before
you went to school yesterday morning? Did you eat vegetables before you went
to school yesterday morning? The questions to cover the rest of the day were
21

formulated in the same manner but were adjusted to fit the time periods described
above.
In 2009 and 2016, participants could report weekend days and weekdays. As
preceding surveys, they were asked to report their fruit and vegetable
consumption the previous day. In the latter surveys, the day was separated into
periods which were more applicable for adults: breakfast, lunch (between
breakfast and dinner), dinner and supper (after dinner). At all time points,
participants were asked to record any fruit and vegetables consumed in-between
meals. If the participants consumed fruit or vegetables in the periods defined in
the 24-hour recall, they were asked to report type and amount consumed in
household measures (e.g. one apple, one carrot) or in portions (e.g. one portion of
mixed salad). The household measures were coded into portions/day and one
portion was set to 80 grams (17). Participants consumption of fruit and vegetable
was calculated separately.
An FFQ was used to measure usual fruit, vegetable and unhealthy snacks
consumption. Participants were asked to consider their consumption the three
latter months and report average weekly consumption (times/week). They were
also informed that they should include consumption at home, at school and in
their spare time. Usual fruit and vegetable consumption were assessed by four
FFQs. Unhealthy snacks consumption was measured by three FFQs, including
soda, candy and potato chips, which was merged into a scale ranging from 0- 30
times per week. Questions were formulated as; How often do you eat vegetables
(for instance a carrot during lunch at school)? The reply options for all food
items were “never (=0), less than once a week, once a week, twice a week, three
times a week, four times a week, five times a week, six times a week, every day
and several times a day (=10)”.
The validity and reliability of the questions from the FFQ measuring fruit and
vegetable consumption and the 24-hour recall have been reported among pupils
in 6th grade (142). The FFQ questions to measure unhealthy snacks has not been
validated.
Sociodemographic variables
At baseline, pupils reported their sex, school, and their parents reported their
level of education. In the follow-up in 2016, participants reported their own level
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of education. Both parental education and own level of education was
dichotomized into lower education (no college or university education) and
higher education (attended college or university).
Study sample used in paper I
In paper one, data from participants who attended the baseline and the follow-up
in 2016 was used. In 2016, a total of 982 (50.4% of the baseline sample)
participants responded to the survey, and the response rate was 51% in the
intervention group and 50% in the control group, table 1.
Study sample used in paper II
In paper two, all data from baseline to follow-up in 2016 was used. At baseline,
the intervention group and control group consisted of 585 and 1365 participants,
of which 92% vs. 92%, 50% vs. 46%, 85% vs. 81%, 19% vs. 15% and 51% vs.
50% responded to the follow-ups in 2002, 2003, 2005, 2009 and 2016,
respectively, table 1.
Ethical considerations paper I and paper II
The FVMM study was conducted according to the Helsinki Declaration and
written informed consent was obtained from both the parents and the pupils prior
to the baseline study (17). The National Committees for Medical and Health
Research (REK) (file number S-011076) in Norway and The Norwegian Centre
for Research Data (NSD) gave ethical approval and research clearance for the
initial study (baseline in 2001 and follow-up in 2002 and 2003). NSD approved
the follow-up surveys conducted in 2005, 2009 and 2016 (file number 12395).

3.2 Paper III
Study Design
The Norwegian school fruit scheme (NSFS) might be one of the most
comprehensive dietary initiative implemented by the government to improve
dietary habits among Norwegian children and adolescents. The NSFS can be
defined as a natural experiment, as the allocation to the intervention group and
control group and timing of the implementation were a result of Norwegian
health policies, and not under the control of a researcher (136).
In order to evaluate a natural experiment retrospectively, it is necessary to
identify a quasi-random variation in the exposure variable, which in this case was
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exposure to the NSFS, and identify observational studies that have “captured” the
NSFS. The NSFS was implemented in August 2007 and abolished in June 2014.
We identified that there were two kinds of quasi-random variation in the
exposure variable, which resulted from the implementation of the NSFS, that
would make an evaluation possible. Firstly, we identified “school” as a quasirandom variation in the exposure variable. The NSFS was implemented in
combined schools (grades 1-10) and junior high schools (grades 8-10) but was
not implemented in primary schools (grades 1-7), thus, we had an exposed group
(intervention group) and an unexposed group (control group). Secondly, “time”
was also identified as a quasi-random variation in exposure e.g. comparing
schools conducting surveys before and after the NSFS implementation date.
Further, we had to identify high-quality observational studies that “captured” the
NSFS. We aimed to identify studies that had collected longitudinal data, or crosssectional data before, during or after the NSFS was operating, and included
measurements of dietary consumption and/or weight status. Additionally, for the
dataset being eligible in the evaluation of the NSFS, it had to be possible to link
the quasi-random variation to the data.

3.3 Paper IV
Study design
The Nord-Trøndelag Health Study (HUNT) is a database of questionnaire data,
clinical measurements and samples collected from inhabitants in the county of
Nord-Trøndelag, Norway (143). In total, 120 000 persons have consented to
participate. In paper IV, data from Young-HUNT1 (collected in 1995-97) and
Young-HUNT3 (collected in 2006-08) was used, which included inhabitants
between 13 and 19 years. The Young-HUNT study is the adolescent part of the
HUNT study and was designed to cover several topics related to major public
health issues (144). The response rate among adolescents attending junior high
(8-10 graders) was 95% (n=4742) and 85% (n=4749) in 1995-97 and 2006-08,
respectively.
Data collection
Schools were the main study sites in both the Young-HUNT1 and YoungHUNT3 surveys (144). The principals of all junior high schools in the county of
Nord-Trøndelag gave written consent for their schools to participate in the
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surveys. The questionnaire was completed by the adolescents during one school
hour, in an exam-like setting. Participants who were absent the day the
questionnaire was completed, were to complete the questionnaire about one
month later, when nurses visited their school to conduct anthropometrical
measurements. Due to practical reasons, data was collected in one school at the
time and within one municipality, before moving on to the next.
Research instruments
Adolescents dietary consumption was measured by the same food frequency
questionnaire (FFQ) in the Young-HUNT1 survey and the Young-HUNT3
survey. Adolescents dietary consumption of fruit, vegetables, potato chips, candy
and SSB (only Young-HUNT1) were measured by the question: “how often do
you eat (drink) the items listed below?” The reply options were; several times a
day, once a day, every week but not every day, less than once a week and never.
In Young-HUNT3, adolescents’ consumption of beverages including SSB and
artificially sweetened beverages (ASB) was measured by the question: “how
often do you drink the items listed below?” The reply options were;
seldom/never, 1-6 glasses a week, 1 glass a day, 2-3 glasses a day, 4 or more
glasses a day. The consumption was dichotomised into daily consumption (more
than once a day and once a day) and not daily consumption (every week but not
every day, seldom and never). The FFQ used in Young-HUNT were based on the
FFQ used in the Health Behaviour of School-aged Children (HBSC), which is a
cross-national WHO study (145). The validity and reliability of the HBSC FFQ
have previously been reported (146).
Sociodemographic variables
Adolescents educational intentions were used as a proxy for socioeconomic
status (SES) in paper IV, as this was the best proxy available in the YoungHUNT dataset. A previous study used both educational intentions and parental
education as proxies for SES, and the results showed almost identical results
when comparing the association between beverage consumption and the two
proxies (79). Therefore, we have reason to believe that educational intention is an
acceptable proxy for SES when assessing dietary consumption among
adolescents. Adolescents educational intention were measured by the question:
“What plans for further education do you have?”. The reply options in the
Young-HUNT3 survey was “University or University College 4 years or more”,
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University or University College less than 4 years”, “Other vocational
education”, “No plans” or “Don’t know”. In the Young-HUNT1 survey, there
were two additional reply options: “High school general education” and
“Secondary vocational education” (no plans were not listed as a reply option). It
was possible to choose more than one reply option, therefore, in this current
study, the highest level of education registered by the participant was used. The
variable was further dichotomized into “higher educational intentions” (College
or University) and “lower educational intentions”.
In paper IV, the variable municipality urbanity was used, which has two
categories: “rural” and urban”. The county of Nord-Trøndelag includes in total
24 municipalities, of which six municipalities include villages with city status.
Adolescents who were categorized as urban lived in one of the six municipalities
which include villages with city status, and those categorized as rural lived in
municipalities that don’t include villages with city status. In Young-HUNT1,
participants reported their own sex and which grade they attended. While in
Young-HUNT3, this information was collected by using participants personal
identification numbers. In both surveys, information of where participants lived
(municipality urbanity) and which school they attended was registered by using
personal identification numbers.
Study samples used in paper IV
To evaluate the NFSF, we included adolescents attending junior high school (810 graders) when the Young-HUNT3 survey was collected. We exploited that the
data collection of the Young-HUNT3 survey was conducted during the
implementation of the NSFS. The natural experimental approach used in paper
IV is known as “Regression adjustment”, in which the model is used to control
for observed differences between the intervention group and control group (147).
This approach can be used when no important differences in unmeasured
characteristics between the intervention group and the control group are
expected. As previously mentioned, the NSFS was implemented in all secondary
schools (8-10 grades) and combined schools (grades 1-10) during autumn 2007.
In this study, the 1st of September 2007 was defined as the start date of the NSFS
initiative. The date the participants answered the Young-HUNT3 questionnaire
was used to identify affiliation to the intervention group or the control group. The
data collection period in the Young-HUNT3 survey started during spring 2006
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and finished during autumn 2008. Adolescents in 8-10 grade, who answered the
questionnaire after the implementation of the NSFS i.e. from 1st September 2007
to July 2008, which was the last month of the Young-HUNT3 survey data
collection, was classified into the intervention group (n=1892). Adolescents in 810 grade, who answered the questionnaire before the implementation of the
NSFS i.e. from spring 2006 to 31st August 2007 was classified into the control
group (n=2855).
To explore possible changes in dietary habits between 1995 (Young-HUNT1)
and 2008 (Young-HUNT3) according to educational intentions, sex and school
type we aggregated data from the two Young-HUNT surveys. Between 1995 and
2008 some schools had been closed (n=9) and new schools (n=9) opened. When
exploring change in dietary habits we only included adolescents attending
schools (n=35) operating in both surveys. Thus, 4137 was included from the
Young-HUNT1 survey and 4113 was included from the Young-HUNT3 survey.
Finally, to explore secular changes in dietary habits according to schools NSFS
status we had to make two variables. Schools within the intervention group and
control group within Young-HUNT3 (data collected between 2006 and 2008)
was compared to the same schools within Young-HUNT1 (data collected
between 1995 and 1997). Therefore, within Young-HUNT1 sample we defined
the group “intervention schools” (n=1791) and the group “control schools”
(n=2346). The majority of schools within Young-HUNT3 either had pupils in the
intervention group or the control group. However, five schools in YoungHUNT3 had pupils in both groups, but the majority of these pupils in these
schools was in the control group (only 20 students were part of the intervention
group). Therefore, these five schools were categorized as control schools within
Young-HUNT1, as the majority of these pupils in these schools were part of the
control group within Young-HUNT3. Further, we constructed the binary variable
“school type” were schools within the intervention group within Young-HUNT3
and the same schools in the Young-HUNT1 (intervention schools) were treated
as one group “NSFS schools” (coded 1) and the schools within the control group
within Young-HUNT3 and the same schools in Young-HUNT1 (control schools)
were treated as another group “control schools” (coded 0).
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Ethical considerations paper IV
Information about the study, detailed information about the usage of the data and
invitation to participate was given to all participants and their parents (or
guardians) (144). All adolescents and parents under the age of 16 years gave
written consent to participate in the Young-HUNT1 and Young-HUNT3. The
Young-HUNT studies were conducted according to the Helsinki Declaration and
were approved by the NSD and REK. This current study was approved by REK
(file number 2017/662).

3.4 Statistical methods
Below, the statistical analyses used in paper I, II and IV are explained in brief.
For details, please see the attached papers.
Paper I
Attrition analysis was performed using independent t-test and chi-square test as
appropriate. To evaluate the effect of the intervention linear mixed model
regression (mixed-model regression) were used. Mixed models were developed
in educational research when researchers realized that the performance of pupils
within the same class was correlated, and classes within schools also could be
dependent (148). In the models in paper I, schools were included as a random
effect and baseline consumption, group (intervention or control), sex and
education were included as fixed effects. The interaction terms between group
and a) sex and b) level of education was included in the models, and stratified
analysis was conducted if interaction terms were significant. The residuals of the
models were checked, and the model assumptions were met. P-values <0.05 were
considered statistically significant. For interaction terms P-values <0.1 were
considered significant (148). Statistical analyses were performed using SPSS
Statistics 24 (IBM Corporation).
Paper II
Attrition analysis was performed using independent t-test and chi-square test as
appropriate. Tracking was assessed by mixed model analyses, using all available
longitudinal data were the baseline value was regressed on the outcome measured
at the five follow-up measurements (149). Mixed models were used because the
correlation within an individual is adjusted in an efficient way and the model
allows individuals with missing observations to be included in the analysis. To
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assess tracking of fruit, vegetables and unhealthy snacks over a 15-year period
the total sample was used with an adjustment for the intervention. All outcomes
were assessed in separate models. The models were adjusted for sex and/or
parental education. Both sex and parental education were examined as possible
effect modifiers and reported separately if the interaction was significant. We
tested if school should be included, but the model did not improve. To investigate
whether the intervention influenced tracking, tracking analyses were done from
baseline, follow-up one and follow-up two were done by adding the interaction
between the intervention and the initial measure to the model. The models were
adjusted for sex and parental education. The assumptions for linear mixed
models were checked and met. To provide information about predictability, odds
ratios for being in the highest tertile over time were calculated with logistic
generalized estimation equation analysis (GEE). P-values <0.05 were considered
statistically significant for main analyses, whereas P-values <0.1 were considered
significant for interaction terms (148). Statistical analyses were conducted using
the statistical software package STATA 15.0 (StataCorp LLC, College Station,
TX, USA).
Paper IV
Characteristics of the study sample were presented by independent t-test and chisquare test as appropriate. In paper IV, multilevel logistic regression analyses
were used. Multilevel logistic regression models account for correlation for
subjects within the same cluster (e.g. school) (150). To evaluate the NSFS
possible effects, dietary outcomes were analysed in separate models. To
investigate changes in dietary habits over time, the six outcomes were analysed
separately by two models. Model one, assessed main effects and model two
included the interactions between time and a) sex and b) educational intentions
were included. To explore secular changes according to school type, the
interaction between the variable “school type” and time was tested for all six
outcomes. If the interaction term was significant for a dietary outcome
stratification was done by school type. In all models, schools were included as a
random intercept and covariates sex, grade-level and municipality urbanity were
included. P-values <0.05 were considered statistically significant. For interaction
terms P-values <0.1 were considered significant (148). Statistical analyses were
conducted using the statistical software package STATA 15.0 (StataCorp LLC,
College Station, TX, USA).
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4 Results
In the following, a summary of the main findings in the papers is presented.
Detailed descriptions and results of the analyses are presented in paper I-IV.

4.1 Paper I
Effects of 1 y of free school fruit on intake of fruits, vegetables, and
unhealthy snacks: 14 y later.
After 14 years, there were no significant overall differences between the
intervention group, which received free fruit, and the control group regarding the
consumption of fruit, vegetables or unhealthy snacks. However, for the outcome
of fruit, the interactions between intervention condition and sex (p=0.014), and
intervention condition and educational level (p=0.035) were significant.
Therefore, the analysis was stratified according to sex and level of education.
The sex-stratified analysis revealed that females in the intervention group had an
increased consumption (1.64 portions/day, 95% CI: 1.36, 1.93) of fruit compared
to females in the control group (1.26 portions/day, 95% CI: 1.10, 1.42) (mean
difference: 0.38 portions/day, p=0.023). No difference was observed between
males. Models stratified by level of education did not show any significant
differences in the consumption of fruit in the intervention- and control group.
Furthermore, the stratified analyses showed significant interaction terms between
intervention condition and level of education for females (p=0.069), intervention
condition and sex among those with low education (p=0.055) and high education
(p=0.085). Therefore, the stratified groups were again stratified, and models were
conducted separately for high educated males, high educated females, low
educated males and low educated females. Results from these final analyses
showed that females with low education in the intervention group (1.81
portions/day, 95% CI: 1.20, 2.42) had an significantly increased frequency of
fruit compared to their counterparts in the control group (1.08 portions/day 95%
CI: 0.75, 1.42) (mean difference: 0.73 portions/day, p=0.043). No significant
intervention effects were found for the outcome of vegetables or unhealthy
snacks, nor was there significant differential effect according to sex or level of
education.
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4.2 Paper II
Tracking of fruit, vegetables and unhealthy snacks consumption from
childhood to adulthood (15 year period): does exposure to a free school fruit
programme modify the observed tracking?
Covering a period of 15-years, the adjusted tracking coefficient for weekly
consumption of fruit was 0.33 (95% CI 0.29, 0.36) and 0.36 (95% CI 0.33, 0.40)
for vegetables, which can be considered low to moderate. For unhealthy snacks,
the tracking coefficient was significantly different for males 0.46 (95% CI 0.41,
0.51) and females 0.39 (95% CI 0.24, 0.44). This indicated that males had a
higher and a significantly more stable consumption of unhealthy snacks over
time, compared to females.
Most analyses showed no significant differences in tracking coefficients between
the intervention group and the control group regarding fruit, vegetables and
unhealthy snacks. However, from follow-up one (while the intervention was
operating), the tracking coefficient for weekly consumption of unhealthy snacks
was significantly higher in the intervention group compared to the control group:
0.46 (95% CI 0.39, 0.53) vs. 0.38 (95% CI 0.33, 0.42) (p=0.036). At all time
points, the participants in the intervention group had a lower consumption of
unhealthy snacks compared to the control group. Therefore, a higher tracking
coefficient indicated that the intervention group maintained a more stable, but
lower consumption of unhealthy snacks over time, compared to the control
group.
From follow-up two (straight after the intervention ended), the control group had
a significantly higher tracking coefficient for weekly vegetable consumption
compared to the intervention group; 0.48 (95% CI 0.38, 0.59) vs. 0.35 (95% CI
0.28, 0.42) (p=0.035). At most time points, the control group generally had a
lower consumption of vegetables than the intervention group. Therefore, the
higher tracking coefficient in the control group indicated a higher stability, but
lower consumption of vegetables over time, compared to the intervention group.

31

4.3 Paper III
How to evaluate the effect of seven years of the Norwegian School Fruit
Scheme (2007–2014) on fruit, vegetable and snack consumption and weight
status: A natural experiment.
The Nord-Trøndelag Health Study (HUNT)
We found that the Young-HUNT3 sample could be used to evaluate the NSFS, as
the data collection was conducted between 2006 and 2008. The 8-10 graders who
completed the questionnaire before the initiation of the NSFS (August 2007) can
be considered as the control group and those who completed the questionnaire
after initiation of the NSFS as the intervention group (paper IV). The HUNT4
(2017-2019), will provide the opportunity of two long-term evaluations of the
NSFS; 1) an 11-year follow-up of the long-term effect of the NSFS on 8-10
graders in 2019 regarding dietary consumption and weight status as adults, and 2)
an evaluation of possible long-term effect of 3-7 years of free school fruit 3-5
years after the program period. In the HUNT surveys, participants answered
questions regarding dietary habits, and their weight and height were measured.
Furthermore, personal identification numbers are linked to all HUNT data.
The Norwegian Mother and Child Cohort Study (MoBa)
Children included in the MoBa study, born between 1999 and 2007 have been
exposed to the NSFS. Children participating in the MoBa study at the age 7 and
8, has received between 1-3 years of the NSFS, if attending exposed schools
(combined schools). A questionnaire will be issued to MoBa children at age 13.
Within the MoBa study, the children that attended exposed schools received 1-7
years of the NSFS. These children can be compared to those born in the same
period who attended unexposed schools (primary schools). MoBa data is linked
to personal identification numbers, thus it is possible to identify who attended
exposed and unexposed schools. Mothers have answered questions regarding
their child dietary habits at the age of 36 months and 7 years, and children are to
report their own dietary habits at age 13. Weight and height were collected from
birth to age 13.
Norwegian child growth study (NCG) /Growth in Teenagers
Within the NCG, children at exposed schools (combined schools) have received
one (2007 cohort), 1-1,5 (2000 cohort) or 2-2,5 years of the NSFS (2002 and
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2004 cohorts) and can be compared to the same cohorts attending unexposed
schools (primary schools). Personal identification numbers have been collected,
thus linkage to national registers is possible. The 8th graders included in the
Growth in Teenagers study (born in 2004) have received five years of the NSFS,
and as parents were asked to specify former primary school it is possible to
identify who attended exposed and unexposed schools. In both the NCG and
Growth in teenagers participants height and weight were measured.
Health behaviour in School-Aged Children (HBSC)
HBSC includes 11, 13, 15 and 16-year-old children and adolescents. Children
who attended an exposed school (combined or junior high schools) and answered
the survey in 2009/2010 and 2013/2014 received 1-2 and 2-6 years of the NSFS,
respectively. The HBSC survey in 2017/2018 will enable a long-term evaluation
of the NSFS 3-4 years after the intervention ended, among children who received
2-7 years of the NSFS. It is possible to identify who attended exposed and
unexposed schools, as principals at included schools reported “school type”.
Participants in HBSC answered questions regarding their dietary habits and
reported their own weight and height.
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4.4 Paper IV
Hovdenak IM, Bere E, Stea TH. Time trends (1995-2008) in dietary habits
among adolescents in relation to the Norwegian school fruit scheme: the
HUNT study.
The results from the multi-level logistic regression within Young-HUNT
indicated that the NSFS increased adolescents fruit consumption, as the
intervention group showed a significant increased odds of daily fruit
consumption (adjusted OR: 1.77, 95% CI 1.25, 2.43) compared to the control
group. No effect modification between was found between exposure to the NSFS
and sex, grade or educational intentions. No other significant differences were
found between the intervention group and the control group.
Results from the multi-level logistic regression analyses showed that adolescents
in 2008 had significantly increased odds ratios of daily consumption of fruit
(aOR:1.48, 95% CI 1.28, 1.71), vegetables (OR:1.41, 95% CI 1.28, 1.53), potato
chips (aOR:1.60, 95% CI 1.26, 2.04) and SSB (OR:2.02, 95 % CI 1.66, 2.45)
compared to adolescents in 1995. However, no difference was observed for
consumption of candy (aOR:0.97, 95% CI 0.83, 1.12). The interaction between
educational intentions and time was considered significant for vegetables and
potato chips (p=<0.1). The interaction between sex and time was considered
significant (p=<0.1) for potato chips.
The results from the analyses exploring secular changes according to school type
revealed that the interaction between school type (NSFS schools vs control
schools) and time (1995 vs 2008) was significant for fruit (p=0.014). Stratified
analyses by school type showed that adolescent within NSFS schools had a
higher odds of daily fruit consumption (aOR: 1.82, 95% CI 1.38, 2.38) compared
to adolescents within control schools (aOR:1.26, 95% CI 1.07, 1.47) between
1995 and 2008.
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5 Discussion
The overall aim of this current thesis was to contribute to the research on schoolbased fruit schemes to improve diet among school-aged children and adolescents
and examine dietary habits over time, with a focus on long-term effects,
socioeconomic status and sex.

5.1 School fruit and vegetable schemes effect on diet
Effects on dietary consumption while operating
This thesis suggests that the NSFS contributed to an increased frequency of fruit
consumption among Norwegian adolescents while operating (paper IV).
In general, few studies have evaluated if the provision of FV alone, is an efficient
strategy to increase FV consumption among adolescents. In line with results in
paper IV, a pilot study showed that American 8th and 10th graders significantly
increased their fruit consumption, but not their vegetable consumption after one
year of free provision of fruit and vegetables (130). Moreover, our results are
also in line with previous evaluation studies of the NSFS conducted among
Norwegian children (12, 129). A study using nationally representative survey
data three years after the NSFS was implemented, showed that children attending
NSFS schools (grades 1-10) ate 25% more fruit compared to pupils attending
schools with no fruit arrangement (grades 1-7) (12). Another study conducted in
Norway showed that pupils in general increased their fruit consumption between
2001 and 2008, but a significantly higher increase was observed among pupils
attending NSFS schools in 2008 compared to those attending schools with paid
FV subscription programs and no FV programs (129). Furthermore, effects while
operating of similar FV schemes implemented among children in other countries
have also been evaluated (14-16, 129). In Germany, the European School fruit
scheme significantly increased the frequency of FV consumption (combined
measure) among children from 1.26 times/day to 2.02 times/day (16). In England
the national School fruit program increased fruit consumption from 7.5
pieces/week to 14 pieces/week. A significantly increased fruit consumption of
0.39 pieces/day due to a free fruit scheme was also observed among children in
New Zealand.
The results in paper IV suggest that the NSFS did not increase vegetable
consumption. A possible reason for the lack of effect might be that fruits (apples,
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pears, oranges, bananas, kiwis and nectarines) were offered more frequently than
vegetables (carrots). Another possible contributing factor might be that
adolescents’ preferences for vegetables, in general, is lower than for fruits (81).
Most fruits have a sweet taste for which humans have a natural liking (151, 152).
Nevertheless, findings in paper IV are similar to results reported by systematic
reviews and meta-analysis indicating that most school-based interventions seem
to effectively increase the consumption of fruit, but not vegetables (10, 119).
Thus, results from the present study add to the evidence that altering the schoolfood environment is an efficient strategy to increase fruit consumption among
children and adolescents (122).
The results in paper IV implied that the NSFS increased the daily frequency of
fruit regardless of socioeconomic status (educational intentions) and sex among
adolescents while operating (paper IV), which is in line with previous
evaluations of fruit and vegetable schemes implemented among children (14, 15,
129) and adolescents (130). The results in paper IV adds to the body of literature
which shows that structural interventions promoting healthy food environments
have positive effects on dietary habits among both high SES and low SES
individuals (8).
As presented in paper IV, we found no evidence for that NSFS reduced the
frequency of daily consumption of unhealthy snacks (candy, potato chips, SSB or
ASB) among adolescents. In contrast to findings in paper IV, a Norwegian study
revealed that the reduction of unhealthy snacks consumption between 2001 and
2008 was largest among children attending school who were part of the NSFS,
and among children with lower educated parents the NSFS significantly
decreased unhealthy snacks consumption from 7.9 to 4.0 times/week (19).
Furthermore, results from the Dutch Schoolgruiten Project showed that children
who were provided with free FV two times/week brought significantly fewer
unhealthy snacks to school (18). Combined, these results suggest that free
provision of FV might be efficient in decreasing unhealthy snacks among
children but not adolescents.
Long-term effects on diet
Results from the 14-year follow-up revealed no sustained overall intervention
effect on the consumption of fruit or vegetables (paper I). The FVMM study is
unique, as follow-up studies were conducted one (23), three (24), seven years
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(25) and 14 years after the provision of FV ended. Previously published results
from the FVMM study have shown significant increased consumption of fruit in
the intervention group after one (0.5 portions/day) (23) and three (0.4
portions/day) (24) (combined measure), but not seven years (25) after the
provision ended. Except for the FVMM study, there is a lack of studies
investigating long-term effects of FV schemes more than 12 months after the
intervention period. A systematic review described that 87% (n= 29) and 72%
(n= 14) of school-based FV interventions among children and adolescents,
respectively, reported only effects straight after the end of the intervention period
(119). Results from studies evaluating the effect of fruit and/or vegetable
schemes in other countries have shown mixed results after the intervention period
(14, 15, 20). Positive short-term (< three months) effects were observed in
Denmark whereas similar measures showed no effects in New Zealand (13, 14).
Small but significant medium-term (3-12 months) effects were revealed in the
Dutch Schoolgruiten project (21), while results from the Pro-children study
revealed no overall effects, but a positive intervention effect was observed in
Norway (22). Furthermore, evaluations of the National School Fruit Scheme in
England revealed no medium or long-term (>12 months) effects of the fruit
scheme (15, 20). Furthermore, the provision of FV in the aforementioned studies
lasted less than one year, which may not be sufficient to increase long-term
dietary change (153). Short intervention periods may therefore partly explain the
lack of medium- and long-term effects of FV schemes.
No overall effect was found at the 14-year follow-up in the present thesis,
however, sex stratified analysis showed increased fruit consumption of 0.38
portions/day among females in the intervention group compared to females in the
control group (paper I). Further, stratification for both sex and level of education,
showed that low educated females in the intervention group had a significant
sustained increase in fruit consumption of 0.73 portions/day compared to low
educated females in the control group. No other long-term effects were revealed
14 years after the intervention period.
Contrary to findings in the present study, previous results from the FVMM study
have shown that the intervention increased fruit and vegetable consumption
(reported as a combined measure) among both males and females and regardless
of SES while the intervention was operating, one and three years after the
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intervention period (17, 24). However, the intervention effect on FV was not
significant seven years after the intervention period (25). Compared to the
present study, where 50% of the original cohort responded, only 16% of those
participating in the original cohort responded to the survey seven years after the
intervention period, and selection bias according to sex and SES was observed
(i.e. a higher a percentage of females with high SES). It is likely that the low
participation rate and selection bias affected the results seven years after the
intervention ended.
Although we only observed a sustained effect among females participants with
low SES, our results are in line with previous research showing that many
structural interventions efficiently increase healthy dietary habits, especially
among low SES individuals (8). A systematic review by Yildirim et.al (154) also
reported that females generally respond better than males to school-based
interventions aimed to improve energy balance, including FV schemes. The
observed sex difference may be explained by the results from other studies
showing that females tend to have a higher preference for healthy foods
including fruit and vegetables (81, 89, 91) and are more health conscious than
males (85).
In order to estimate the potential socioeconomic profitability of implementing
free FV, there is a need for more studies assessing long-term effects. However, if
future studies confirm the present finding i.e. sustained intervention effect among
low SES females, this may have implications for public health. Using the most
conservative estimation of the cost-benefit analysis of the NSFS, Sælensminde
(138) showed that the NSFS would be socioeconomically profitable if 10% of
primary school students increased their permanent consumption by 25
grams/day. In Norway, 63% of the general population have lower education
(completed primary school and high school) and about 37% have higher
education (completed up to 4 years and more than 4 years at university or
university college) (155). It is therefore likely that the majority of primary school
children have parents with low level of education. Furthermore, about half of all
primary school children (grades 1-10) are female, and thus long-term sustained
effects among this sub-population might have significant positive public health
implications in large groups of the Norwegian population.
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The results from this current thesis showed that the free FV intervention did not
have an effect on unhealthy snacks 14 years after the intervention period (paper
I). Previously published results from the FVMM project have shown that the
intervention decreased unhealthy snacks consumption while operating (17) and
specifically among low SES individuals seven years after the intervention ended
(25). However, no effect was shown three years after the intervention ended.
Bere et al. (25) argued that the effect of decreased snacks consumption after
seven years might be explained by habit theory (156). The habit of consuming
FV during breaks instead of unhealthy snacks might have induced habit
formation where the behaviour became habitual. However, the intervention effect
observed after seven years may also be partly explained by a small and biased
sample compared to the present sample.

5.2 Tracking of fruit, vegetables and unhealthy snacks
Covering a period of 15-years, results indicated that the tracking coefficient for
weekly fruit and vegetable consumption was 0.33 and 0.36, respectively (paper
II). The tracking coefficient for unhealthy snacks differed according to sex; 0.46
for males and 0.39 for females, which indicated that males had higher stability
for unhealthy snacks over time. Moreover, predictability analysis showed that
children who were in the highest tertile of consumption were more likely to be a
high consumer as an adult.
The evidence of tracking of fruit, vegetables and unhealthy snacks between
childhood and adulthood are based on studies that are heterogeneous according to
design, methods and number of years assessed, which makes comparability
difficult (9). Nevertheless, results from the present study, based on FFQs, were in
line with results from previous studies, indicating low to moderate tracking of
fruit, vegetables and unhealthy snacks (104-106, 157).
The results in this thesis suggest that dietary consumption of fruit, vegetables and
snacks are not stabilized among 10-12-year olds (baseline paper II) and that
major transitions that occur between childhood and young adulthood influence
tracking. This finding implies that dietary consumption between childhood and
young adulthood is modifiable, therefore, interventions implemented during this
period can potentially change dietary behaviour.
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When assessing tracking it is important to use a dietary measure that reflects
habitual consumption, as eating behaviour can be highly variable both within and
between days, and because tracking coefficients are influenced by measurement
error (158). In paper II, the FFQ reflected habitual dietary consumption better
than one 24-hour recall and is, therefore, more appropriate to assess tracking. At
the individual level, one single 24-hour does not reflect usual dietary
consumption and might be more susceptible to daily variation and therefore,
provide low tracking coefficients.
Tracking after a dietary intervention
In paper II, we wanted to explore if and how dietary behaviour continued to track
after a FV intervention. To investigate if tracking differed between the
intervention and control group, tracking was assessed from before (baseline),
during (follow-up one) and after (follow-up two) the intervention was operating.
In general, results suggested that 10 months of free provision of school fruit
delivered to 10-12-year-old pupils did not modify tracking of fruit, vegetables or
unhealthy snacks over a 15-year period (paper II).
A possible explanation for these results is that the tracking coefficient concerns
the relative position of an individual. Therefore, if the total sample increases their
consumption the same amount due to an intervention, the tracking coefficient
will not change. A tracking coefficient will only change if some individuals
change more than others and when their relative position change. Hypothetically,
if the intervention modified tracking of fruit, we would expect lower tracking
coefficients in the intervention group compared to the control group from
baseline, indicating a higher degree of fluctuation both within and between
subjects. Further, we would expect higher tracking coefficients from follow-up
one and two in the intervention group compared to the control group, which
would have indicated that participants in the intervention group maintained their
increased consumption over time (as a result of the intervention).
One of the main arguments for early promotion of dietary habits is that dietary
habits learned in childhood to some extent tracks into adulthood (9). By using
tracking of dietary habits as an argument to implement dietary interventions in
childhood, it is assumed that dietary interventions initiated in childhood will
maintain to a significant extent later into life. To our knowledge, no previous
study has examined whether intervention initiatives have contributed to modify
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dietary tracking. Nevertheless, lack of studies does not exclude the possibility
that dietary interventions can modify tracking of dietary behaviour. Our results,
however, found limited evidence for the rationale that fruit and vegetable
promotion from a relatively young age modifies tracking of dietary behaviour.
The lack of modification on tracking may partly be explained by the “habit
discontinuity hypothesis”; that behavioural change is more likely to succeed
when major changes disrupt the individuals' former habits” (159, 160). Major
changes may involve transitions to new phases in life (e.g. moving away from
home), geographical or physical changes or changes in the environment where
the habits were executed (159). The intervention in this study was implemented
when the children were 10-12 years old and attended 6th and 7th grade, however,
no major life changes normally occur at this age. When planning interventions
that aim to change habits, it might be useful to consider implementing
simultaneous to major life changes.

5.3 Development of dietary habits between 1995 and 2008
Increased fruit and vegetable consumption were observed among Norwegian
adolescents between 1995 and 2008 (Paper IV). These results are in line with
previous findings from Norwegian studies between 2001 and 2008 (161) and
between 2001 and 2009 (7), as well as studies from other European countries
between 2002 and 2010 (53). Furthermore, results in this thesis suggested that
adolescents increased their consumption of SSB between 1995 and 2008 (paper
IV). Similarly, increased SSB consumption has been found in Ireland between
1997 and 2005 (162) and in Lithuanian between 2002 and 2006 (163). Contrary
to the present results, previously published studies have shown that both
Norwegian children and adolescents decreased their consumption of SSB during
the last decades (7, 90). Furthermore, Norwegian households SSBs consumption
increased from the 1990s and reached its peak around 2000, but has since
declined (164). To assess secular trends in food and beverage consumption,
Young-HUNT data collected in Nord-Trøndelag county were used, which is
largely rural with a lack of large cities but is fairly representative of Norway as a
whole regarding geography, economy, age distribution, mortality and morbidity
(144). The present result may suggest that the development of SSB consumption
might be different among adolescents living in rural and urban areas. The
national Ungkost3, conducted in 2015, has also indicated that adolescents living
in rural counties (Vestlandet, Hedmark and Oppland) had a higher contribution
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from sugar compared to those living in urban counties (Akershus and Oslo) (3).
On the other hand, results from Scotland suggest that young people from rural
areas consume healthier diets and consume less SSB compared to those living in
urban areas (165).
Results presented in this current thesis suggest that social inequalities in
adolescents’ dietary habits were stable for fruit, candy and SSBs, and those with
higher SES were more likely to consume fruit and less likely to consume candy
and SSB in 1995 and 2008. Furthermore, at both time-points males were less
likely to consume fruit and vegetables and more likely to consume candy and
SSB compared to females, and in the period assessed the impact of sex remained
stable. The finding that social inequalities in fruit consumption was stable is in
accordance with previous findings from the Nordic region (74).
Regarding vegetables, results presented in this thesis suggests the impact of SES
increased over time were those with higher SES was more likely to consume
vegetables compared to their counterparts. In contrast, previous studies have
shown that social inequality remained stable for vegetables in Norway (7), in
other Nordic countries (74) and Scotland (2002-2010) (166). For potato chips,
our results suggested that social inequalities in consumption between those with
higher and lower SES decreased. Further, the impact of sex on the consumption
of potato chips increased between 1995 and 2008, where males increased their
consumption compared to females. To our knowledge, this is the first study in
Norway to examine trends in potato chips consumption according to SES and
sex. In contrast to results in paper IV, findings from Scotland showed no changes
in potato chips consumption according to SES between 2002 and 2010 (166).
Moreover, results from the latter study indicated that males decreased their
consumption of potato chips over time (166). The aforementioned studies used
for comparison of time trends in dietary habits were based on data from the
WHO study Health behaviour in school-aged children (HBSC). In contrast to
data used in paper IV, the HBSC data included a broader age group and used the
family affluence scale as a proxy of SES, which may explain the conflicting
findings.
In paper IV, we examined changes in dietary habits in NSFS schools and control
schools between 1995 and 2008, to explore if secular trends developed
differently according to school type. The results suggested that the interaction
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between school type and time was only significant for the outcome of fruit. The
stratified analysis suggested that the secular effect of the NSFS, where
adolescents were part of the NSFS a maximum of 11 months, was significantly
larger than the observed increase in frequency of fruit consumption in control
schools between 1995 and 2008. In contrast to the present finding, a crosssectional study among a representative sample of Norwegian adolescents found
an increase in fruit consumption between 2001 and 2005, but no further increase
between 2005 and 2009 (7). Although the study did not aim to evaluate the
NSFS, its results indicated that the NSFS did not have an effect on adolescents’
fruit consumption.
Between 1995 and 2008 several governmental efforts have been implemented to
improve the populations' diet and reduce social inequalities (133, 134, 167). By
increasing the availability of fruit and vegetables in schools, the Norwegian Fruit
and vegetable subscription program implemented in the 1990s and the free NSFS
implemented in 2007 have most likely contributed to the observed increase in
fruit consumption among adolescents. Moreover, other initiatives such as dietary
campaigns (e.g. 5-a day), national guideline for school meals and food and health
education in schools may also have contributed to the increased consumption of
both fruit and vegetable consumption among adolescents (168-170). However,
the current results suggest that these efforts, in general, have been unsuccessful
in decreasing social- and sex inequalities in diet among adolescents. As
demonstrated by previous research, not all primary interventions benefit the
population as a whole, and might increase social inequalities (8).
Currently, school-based initiatives to improve diet in school-aged children and
adolescents include the paid FV subscription program (2). In 2016, about 10% of
all Norwegian pupils in grades 1-10 subscribed to the FV program (2). A
previously published study reported a lower subscription rate among low SES
individuals compared to high SES individuals, and that the paid subscription was
less efficient in increasing fruit consumption compared to free FV schemes (12).
Current Norwegian governmental efforts to improve diet within the school
environment mainly includes agentic interventions targeting individual
behaviours such as health education (home-economics), different kinds of food
activity programs and programs to increase practical skills (2), which may be
more beneficial for high SES groups. In order to reduce inequalities in diet and
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health, governmental primary preventive initiatives should be explored for
differential effect according to SES and initiatives that reduce inequalities should
be implemented. Special attention should be given to groups with poorest diet
quality, that is groups with low SES and males.

5.4 Future evaluations of the NSFS
Paper III describes how data from HUNT, MoBa, HBSC and Child Growth
Study/Growth in Teenagers can be used to evaluate the NSFS. These datasets
present a unique opportunity to explore the effects of a nationwide FV scheme,
lasting a total of seven years, on dietary behaviour and weight status.
The majority of fruit and vegetable interventions have lasted less than one year
(10, 119, 153). It has been suggested, however, that FV schemes among children
and adolescents should last more than one year in order to permanently change
dietary behaviour (153). By using existing data, we might avoid unnecessary
costs and use of other resources associated with conducting new comprehensive
data collections (171). Moreover, a limited number of studies have conducted
long-term follow-up measurements that can be used to explore long-term effects
of FV schemes. The aim of most primary public health initiatives is to change
behaviour and that this behaviour is sustained throughout life. By using a natural
experimental approach, it is possible to evaluate up to seven years of the NSFS
and examine whether potential intervention effects differ by the number of years
exposed to the scheme. Moreover, by using the described data sets, it is also
possible to examine potential differential effects of the FV scheme according to
SES, sex, ethnicity and age.
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6 Methodical considerations
6.1 Study designs
Study design Paper I and II
In paper I and II, data from the FVMM study was used. The FVMM study design
has some methodological considerations which should be taken into account
when interpreting the results.
Initially, the FVMM study was designed as a cluster randomized school-based
trial where an intervention was included in both Hedmark and Telemark county.
This is well described by Bere et.al (17, 23, 124). In Hedmark, 9 of the 19
schools were randomly selected to intervention and the remaining 10 schools
were selected to serve as control schools. In Telemark, 9 of the 19 schools were
also randomized selected to intervention, while the remaining 10 schools were to
serve as control schools. In 2001, two interventions were initiated: a) a classroom
curriculum and newsletter (124) and b) participation in the Norwegian School
Fruit programme for free (17). In Hedmark, the 6th graders received both
interventions, while the 7th graders only participated in the Norwegian school
fruit Programme for free. In Telemark, the 6th graders received the classroom
component and curriculum and newsletter and the 7th graders served as control.
Previously published results have indicated that the classroom curriculum and
newsletter had no effect alone, nor did it have an additional effect in combination
with free school fruit at two months, 11 months or 14 years after the intervention
ended (124, 172). Due to the documented lack of effect, respectively two- and
11-months after the intervention period, the initial nine intervention schools in
Telemark (6th graders who received the classroom component and newsletter)
were reassigned to serve as control schools. Therefore, in the sample used in this
thesis, the nine schools in Hedmark county were considered as intervention
schools and the remaining 29 schools (10 in Hedmark and 19 in Telemark
county) were considered as control schools. However, this broke the
randomization of the study. This resulted in significant baseline differences
between the intervention group and control group, which is discussed in detail
under “study sample Paper I and II”.
Another limitation is that nine of the 29 control schools in the FVMM study
opted to participate in the Norwegian school fruit program when it was nationally
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implemented in 2003. Within these nine control schools, 41% of the pupils
decided to subscribe to the program, with a parental cost of 2.50 NOK. The
remaining 20 control schools opted not to participate in the program. A
previously published study found that the Norwegian fruit subscription program
had only minor effects on children’s fruit and vegetable consumption compared
to the free FV program (0.4 vs. 1.1 portions/day) (17). Due to small effects, the
subscription schools were included in the control group. This might have led to
the effects of the free FV scheme being somewhat underestimated.
Study design Paper III
In Norway, we have several large databanks with high quality data which can be
used to evaluate the effects of public health efforts. In paper III, we demonstrated
how four datasets could be used to answer questions regarding the NSFS, which
are yet to be investigated. The four datasets are examples that show a selection of
several existing opportunities to evaluate the NSFS.
There have been discussions of whether natural experiments may be good
enough to provide evidence regarding the effectiveness of public health
interventions. Using a natural experimental design have several disadvantages
and many potential sources of bias (136, 171, 173). One major disadvantage of a
natural experimental design is that the “control group” and “intervention group”
may have dissimilarities at baseline, which are known to be related to the healthrelated outcome. Unlike randomized controlled trials (174-176), which is
considered as the gold standard to obtain reliable intervention effects, as the
design eliminated several sources of bias at baseline (177-179) and cluster
randomized trials were groups are randomized to account for baseline (180),
health outcomes in natural experiments may differ because groups are different at
baseline regarding health status, SES or other factors. Another limitation is that
in natural experiments it can be a challenge to define the population who were
affected by the initiative i.e. the “intervention group”. This challenge entails that
the “intervention group” may be contaminated. Consequently, causality may be
difficult to establish based on non-experimental studies, therefore result derived
from natural experiments should be treated suggestive instead of conclusive.
These limitations do not mean that natural experimental studies should be
considered as invalid.
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Another limitation of possible studies described in paper III is that it is not
possible to conduct any process evaluation to understand potential critical aspects
of the implementation process of the NSFS (181). Intervention studies which
have included provision of fruit and vegetables as an intervention component,
have identified the following barriers for implementing a school-based FV
program: timing of delivery of FV from suppliers (e.g. did not fit school
schedule), low quality and assortment of FV delivered, high wastage and pupils
misbehaviour (182-184).
Nevertheless, a natural experimental approach presents a huge opportunity to
evaluate public health initiatives (136, 147), as such initiatives are not always
suitable to manipulation e.g. due to political or ethical reasons (171).
Furthermore, if public health initiatives are not evaluated, this leaves both policy
makers and researchers without knowledge about possible effects that can guide
decision makers to continue, redesign or abolish the initiative.
Study design Paper IV
The Young-HUNT1 and the Young-HUNT3 surveys were used to evaluate the
NSFS by applying a natural experimental design (Paper IV). The key strength of
study IV is the timing of the data collection of Young-HUNT3 and the initiation
of the NSFS, which made it possible to define the intervention group and the
control group, respectively.
In this paper, the natural experimental design “Regression adjustment” was used
(147), as no important unmeasured characteristics were expected to differ
between the intervention and control group. This design has been applied to
measure the effect of previous public health initiatives (185). A limitation of the
current natural experimental study design is that within the Young-HUNT3
sample, a higher number of participants in the control group lived in urban areas
compared to the intervention group. This was most likely due to the sampling
scheme in the HUNT3 study, in which the data collection was completed in one
municipality before moving on to the next.
Another limitation was that we were unable to obtain the exact implementation
date of the NSFS at the respective schools in Nord-Trøndelag county. Therefore,
we defined the first of September as the start date of the NSFS, which defined
allocation to the intervention group and the control group. It is possible that some
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schools in the county implemented the NSFS before or after the first of
September. Consequently, misclassification to the intervention group and the
control group may have occurred, which might have led to an underestimation of
the NSFS. Another limitation is that we were unable to control for other possible
confounding FV-promoting initiatives initiated between 1995 and 2008.
Nevertheless, our secular analysis within the same schools between 1995 and
2008, showed a general increase in fruit consumption, but adolescents in the
NSFS schools showed a significantly higher likelihood of consuming fruit daily
during this time period, compared to adolescents in the control schools.

6.2 Study samples
Study sample Paper I and II
A major challenge in longitudinal studies is loss to follow-up, and in general, the
longer the follow-up period the higher are the chances of participants dropping
out. Furthermore, refusal to participate and loss to follow-up tend to be more
common among less advantaged (e.g. low SES) and less healthy individuals,
which in turn lead the samples in cohort studies often consisting of relative
advantaged and healthy individuals compared to the source population (186190).
At baseline, the FVMM included 1950 pupils; 966 girls and 585 boys, 585 were
in the intervention group and 1365 in the control group. A total of 1794 (92%),
918 (53%), 1602 (82%), 320 (16%) and 982 (50%) participated at the follow-up
surveys in 2002, 2003, 2005, 2009 and 2016, respectively.
In paper I, the baseline data and the data from the follow-up in 2016 were used to
report the long-term effects, 14 years after the FV intervention ended. In 2016,
51% and 50% of the initial intervention group and control group participated.
The attrition analysis showed that more females and those with higher educated
parents participated in the follow-up in 2016. Additionally, participants in 2016
had a lower baseline consumption of unhealthy snacks compared to nonparticipants. It is unknown whether the selection bias at follow-up in 2016
affected the results. The low baseline consumption of unhealthy snacks in the
2016 sample may have limited the ability to detect possible long-term
intervention effect on unhealthy snacks. A previously published study from the
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FVMM study found a significant intervention effect on unhealthy snacks among
pupils with lower educated parents (-2.02 times/week) (25).
Furthermore, some baseline differences were observed between the intervention
group and the control group at follow-up in 2016. At baseline, the consumption
of fruit and unhealthy snacks was significantly higher in the control group
compared to the intervention group, while no differences were found in the
distribution of sex, grade, and parental level of education between the groups.
Multivariate regression techniques were used to adjust for any observed
differences in baseline characteristics.
In paper II, all available data i.e. baseline (collected in 2001) and the five
following measurements (collected between 2002 and 2016) from the FVMM
was used. At all five follow-up surveys, loss to follow-up was observed. The
lowest response rate was observed at the follow-up conducted seven years after
the intervention period (in 2009), in which only 16% (n=320) of the initial
sample agreed to participate. In contrast to other follow-up rounds, where
participants were contacted by trained staff, invitation to participate in the 2009
survey was sent by regular mail and had to be returned by regular mail as well.
Most likely, this mode of delivery and return of the survey contributed to the low
participation rate. In paper II, analyses showed that dropouts generally had a
lower weekly consumption of fruit and vegetables and a higher consumption of
unhealthy snacks. Furthermore, a higher percentage of participants who
responded to all five follow-up surveys were female, and their parents had a
higher level of education compared to those who had 1 ≥ missing follow-up
survey. The high drop-out rates may have affected the generalizability of the
results. In 1999, 28,5% of the population in Norway aged 34-44 years had
completed higher education, which is lower than observed at baseline (2001) in
the FVMM study (191). Therefore, regarding parental level of education, the
population in the FVMM is not a representative sample of the Norwegian
population.
Study sample paper IV
The main strength of the Young-HUNT surveys was the high participation rate
(Young-HUNT1: 95%, Young-HUNT3: 85%) and the fact that all schools in the
county of Nord-Trøndelag agreed to participate (144). The county of NordTrøndelag has been considered representative of Norway regarding most
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sociodemographic factors such as geography, economy, sources of income and
morbidity and mortality, but the county lacks larger cities (144). Bigger cities
may demonstrate greater inequalities compared to rural areas (192). Thus, a
limitation of the current study is that the prevalence of SES inequalities may have
been underestimated in the Young-HUNT sample. The results may, therefore, be
representative for adolescents living in other Norwegian counties without large
cities, as well as other countries with similar demographic- and
sociodemographic distribution as the county of Nord-Trøndelag. On the other
hand, our results may not be representative of adolescents living in larger cities.

6.3 Research instruments
Dietary assessment methods
Several dietary instruments have been developed to estimate individuals` dietary
consumption (193). Identifying the most appropriate dietary method depends on
several factors, including the purpose of the study and the characteristics of the
study sample (194). In larger studies, self-reported dietary assessment methods
are most frequently used because they are less costly and are less demanding for
participants to complete (193). Among self-reported dietary methods, the 24-hour
recall and the food frequency questionnaire (FFQ) are often used. In this thesis,
the 24-hour recall and the FFQ was used to measure dietary consumption.
Previous research suggests that accurate assessment of children and adolescent’s
food consumption is challenging (195). Between the age 8- and 12-years children
become more able to accurately report their own diet (196). Dietary assessment
methods used for a specific purpose on a special group of respondents should be
tested for validity and reliability. Reproducibility of a dietary assessment method
reflects the instrument ability to reproduce the same results at another time-point
under similar circumstances (197), while validity reflects the dietary instrument
ability to accurately measure actual food consumption (198), which usually is
determined by comparing the instrument to a reference instrument/method.
In the FVMM study, the 24-hour recall was used to assess FV consumption at the
group level and the FFQ was used to rank individuals according to consumption
(142). The reliability and the validity of the 24-hour recall (paper I, paper II) and
the FFQ (paper II) which measured fruit and vegetable consumption has
previously been reported among Norwegian 6th graders (mean age 11.9 years)
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(142). The reliability of the 24-hour recall was considered good and acceptable
respectively, as the results revealed no significant differences at two separate
time-points, 14 days apart (Spearman correlation coefficient for fruit: r=0.62,
p=0.303, vegetable r=0.70, p=0.992 for the FFQ).
Regarding validity, the 24-hour recall overestimated fruit, but not vegetable
consumption, while the FFQ overestimated both fruit and vegetable compared to
the 7-day food diary (142). In the validation study, pupils reported a higher fruit
and vegetable consumption the first day of the 7-day food diary compared to the
six following days, suggesting that the pupils perhaps became tired of reporting
their consumption. Nonetheless, the mean consumption of all 7 days was
compared to the 24-hour recall. It is therefore possible that the validity of the 24hour recall is higher than reported in the present study. The Spearman correlation
coefficients between the 7-day food diary (reference method) and the 24-hour
recall and the FFQ respectively, is similar to results in comparable studies (154).
Among children, higher validity has been reported between recall method (such
as 24-hour recall) compared to food records and FFQ (199), The high validity
indicate that it might be easier for children to recall what they ate the previous
day compared to what they ate in a specific time period.
The four FFQ questions used to measure unhealthy snacks consumption in the
FVMM study has not been validated, but a previous test-retest found that the
scores in the unhealthy snacks scale were significantly (p<0.001) correlated
(Pearson`s correlation coefficient; r=0.71), and mean values were not
significantly different in the two assessments (5.2 vs. 5.5 times per week,
p=0.24), which were 14 days apart (19).
A strength of the FVMM study is that the same dietary questionnaire was used at
all follow-ups. However, the validity and reliability of the instruments were not
assessed at the follow-ups. Therefore, we don’t know the reliability and the
validity of the instruments as the participants grew older. In theory it is possible
that the validity of the instruments increased as the participants' age increased,
however, it is unlikely that the participants' ability to recall their own dietary
consumption decreased with age.
Among adolescents, the FFQ has been considered as a valid and reproducible
dietary assessment method (200). In the Young-HUNT1 and the Young-HUNT3
51

survey, the same FFQ was used to measure adolescent’s dietary consumption.
The questionnaire was based on the FFQ used in HBSC. The validity and
reliability of the FFQ used in HBSC have previously been reported among
adolescents (146). The results of the Belgian validation study indicated that the
reliability (weighted Kappa range 0.40-0.70, Spearman correlations 0.52-0.82
and percentage agreement 37-87%) and validity was considered sufficient for
multivariate or correlation analysis, but the FFQ overestimated all but three food
items (cheese, SSB and potato chips) when compared to the reference method.
The results of the validation study might be transferable to the Young-HUNT
FFQ, as the questionnaire is very similar to the FFQ used in HBSC.
Nevertheless, the Young-HUNT FFQ has not been validated, which is a
limitation in the present study.
All dietary assessment methods have strength and limitations. The 24-hour recall
measure food consumption by asking the participant which foods and the amount
consumed the previous day (193). The advantage of the 24-hour recall is that is a
non-invasive, rapid dietary instrument which can be tailored to specific
subgroups, including children and adolescents. However, it relies heavily on the
participants' ability to recall and is therefore prone to recall bias.
The FFQ measures usual food consumption during a defined time period, where
participants are asked to report frequency of consumption for a defined list of
food items (193). FFQs has several advantages: they are easy to deliver, cheap
compared to other dietary methods, non-invasive and can be adapted to specific
subgroups. A limitation of the FFQ used in paper IV is that it does not include
questions about portion sizes, therefore, provides less accurate estimates of food
and beverage consumption. On the other hand, a previous review reported that
higher validity was obtained when FFQs did not assess portion size and
measured a short time span. Furthermore, the FFQ is prone to recall bias. A
recently published review reported that short FFQs used among children and
adolescents were more likely to be reliable than accurate (194), which was the
case for the FFQs used in the present thesis.
Indicators for socioeconomic status
In paper I, participants own level of education were used as an indicator for SES.
The main reason for choosing this variable instead of parental level of education
was that it was possible to include a larger number of participants. There are
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some limitations to this choice of indicator, as we evaluated an intervention
initiated in childhood according to education attained in adulthood. By using this
indicator, we assume that an individual’s SES in childhood is sustained into
adulthood. Socioeconomic inequalities are reproduced in the school system and
continued into completion of higher education. This is demonstrated by research
showing that individuals with higher educated parents are much more likely to
complete higher education compared to individuals with lower educated parents
(66, 67). However, it is possible that individuals living in families with low
parental education completed higher education and individuals living in families
with high parental education did not complete higher education. This limitation
should be considered when interpreting the results. In paper II, parental education
was used, as we aimed to investigate if SES in childhood, modified tracking from
childhood to adulthood. In paper IV, adolescents’ future educational intentions
were used as a proxy for SES. The main reason for using this indicator was that it
was the only proxy available within the Young-HUNT survey. Educational
intentions have previously been used as a proxy of SES in several dietary studies
(79, 201, 202), and educational intentions in adolescents seem to reflect level of
education attained in adulthood (67).
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7 Conclusion and summarizing remarks
The current thesis underlines the importance of utilizing existing data to evaluate
the NSFS, which was a comprehensive and costly initiative aimed to promote
healthy dietary habits and reduce SES inequalities in eating behaviour among the
Norwegian population. By using a natural experimental approach, it is in the
future possible to gain warranted knowledge of the free NSFS long-term effects
on dietary consumption and weight status according to SES, sex and ethnicity.
Results from this current thesis suggest that the NSFS increased fruit
consumption among Norwegian adolescents while operating, regardless of SES
and sex.
This thesis highlights the importance of costly and comprehensive dietary
measures initiated by authorities are implemented in a way that allows them to be
evaluated. Primary preventive initiatives, such as free school fruit, should be
evaluated in order to determine their potential effects in the population,
especially among subgroups with the least healthy eating habits.
Further, results from this thesis indicate long-term effects (14 years) of a 10
months free fruit pilot on fruit consumption among females with low education.
However, no overall long-term (14 years) effects were observed, nor did the free
pilot modify tracking of fruit, vegetables or unhealthy snacks. These results
might indicate that the long-term health potential of such free fruit schemes
might be limited.
The present thesis underlines the need for high quality studies assessing FV
schemes potential long-term effects, as such studies are important to consider
potential health effects and socioeconomic profitability of free FV schemes.
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ABSTRACT
Background: There are not many studies evaluating the long-term
effects of fruit and vegetable interventions.
Objective: We examined the effects of 1 y of free fruit in elementary
school on long-term consumption of fruit, vegetables, and unhealthy
snacks, according to sex and educational attainment, 14 y after the
intervention period.
Design: In 2001, the baseline survey of the longitudinal cohort, Fruits
and Vegetables Make the Marks (FVMM), included 1950 children
(mean age: 11.8 y) attending 38 randomly drawn elementary schools
from 2 counties in Norway. In the following 10 mo, 9 schools served
as intervention schools by participating in the Norwegian School
Fruit Program for free, whereas 29 schools served as control schools.
A follow-up survey conducted in 2016 included 982 participants
(50%) from the original study sample (mean age: 26.5 y). The
consumption of fruit and vegetables was measured by a 24-h recall
(portions per day), and the consumption of unhealthy snacks was
measured by food-frequency questions (portions per week). Linear
mixed models were performed to test possible intervention effects
on the consumption of fruit, vegetables, and unhealthy snacks 14 y
after the intervention period.
Results: No overall intervention effects after 14 y due to the
free-fruit scheme on the consumption of fruit, vegetables, and
unhealthy snacks were observed, but significant interactions showed
a sustained higher frequency of fruit consumption among females
in the intervention group compared with the control group [mean
difference (MD): 0.38 portions/d; P = 0.023] and that this effect was
only significant among less-educated females (MD: 0.73 portions/d;
P = 0.043). No significant long-term intervention effects were
observed in the consumption of fruit among highly educated females
and males nor in the consumption of vegetables or unhealthy snacks.
Conclusion: Results from the present study indicate that receiving
free fruit at school for 1 y may have positive long-term effects for females without higher education.
Am J Clin Nutr 2018;108:1309–
1315.
Keywords: school fruit scheme, intervention, long-term effect, fruit,
vegetables, unhealthy snacks

INTRODUCTION

A diet high in fruit and vegetables (FVs) reduces morbidity
and mortality from noncommunicable diseases (1–3), whereas an
unhealthy diet increases major risk factors for noncommunicable
diseases (4). Epidemiologic data show that dietary quality follows
a socioeconomic gradient: that is, people with low socioeconomic
status (SES) are more likely to consume unhealthy foods and
high-calorie diets, whereas those with high SES have an increased
consumption of healthy foods such as FVs (5–8). Studies have
also shown that females tend to have a higher and more
frequent consumption of FVs and a lower consumption of sugarsweetened beverages and high-fat foods than do males (9–12).
Several public health efforts have acknowledged the importance of promoting an increased consumption of FVs among
children (13, 14). Systematic review studies and meta-analyses
have reported that school-based interventions seem to moderately
increase short-term consumption of fruit intake but have minimal
impact on vegetable consumption (15, 16). Furthermore, a
few studies have also investigated lasting effects of free-fruit
interventions (17–19). The national free-school-fruit program in
the United Kingdom, which provided free fruit for 12 mo, showed
a significant intervention effect, regardless of SES level, with
an increase in fruit consumption from 7.5 to 14.0 pieces/wk in
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METHODS

Design and study sample
In 2001, 38 elementary schools from 2 counties (Hedmark and
Telemark) in Norway participated in the research project FVMM,
and 9 of these schools located in 1 of the counties (Hedmark) were
randomly selected as intervention schools. All students attending
these intervention schools received a free piece of fruit (or a
carrot) once a day in the period from October 2001 to June 2002
(24).
Among the 29 remaining control schools (in both Hedmark
and Telemark counties), 9 of these schools did participate in the
Norwegian School Fruit Program, a paid-subscription scheme
that was initiated in 1996, made available for Hedmark and
Telemark from this school year and made nationwide in 2003.
The other 20 control schools opted not to participate in any
school-fruit scheme. In the 9 control schools participating in the
Norwegian School Fruit Program, 41% of the students agreed to
subscribe at a daily cost of 0.34 USD (3.50 Norwegian kroner
(NOK)). In addition, the school-fruit scheme was subsidized
with 0.14 US$ (1.00 NOK)/d per subscribing student from the
Norwegian government. Similar to those participating in the
FVMM intervention, the students who subscribed received a
piece of fruit (or a carrot) once a day, usually at lunchtime.
A previously published study (20) showed that the effect of
subscription was small compared with the effect of free fruit.
Thus, to increase the power of the study, and to not break the
randomization process, we included the subscription schools as
part of the control group in the current study.
A baseline survey was conducted in September 2001 at which
time all of the sixth- and seventh-graders at the included schools

in the FVMM project were invited to participate. The students
answered the survey in the classroom during one school lesson
(45 min) in the presence of a trained project worker. There were
1950 students who answered the baseline survey: 966 girls and
984 boys (585 in the fruit-without-parental-payment group and
1365 in the control group). The mean age at baseline was 11.8 y.
Follow-up surveys were conducted in 2002, 2003, 2005, 2009,
and most recently, in 2016.
For the data collection in 2016, all participants who answered
the baseline survey (n = 1950) were eligible. The participants
were contacted through Facebook or by phone. A research profile
on Facebook was created for each of the 4 project workers to use
Facebook as a search tool for locating participants. The profiles
included the project worker’s contact details with a profile picture
of the University of Agder. Project workers used their profiles to
search for potential cohort participants by using the participant’s
name, age, elementary school, geographical location, and list
of friends. Verified participants received a private message with
information about the project. Participants were sent a link
to an online questionnaire on Facebook or e-mail, and some
participants answered the questionnaire by a phone interview.
Data in 2016 were collected both on weekdays and weekends,
throughout the full year, and the respondents were asked to
specify on which day they answered.
A total of 982 participants (now aged 25–27 y) of the original
cohort (50.4%) completed the follow-up survey. The response
rates were 51% and 50% in the intervention and control groups,
respectively. The present study uses the baseline data (collected
in 2001) and the follow-up data collected in 2016 to report
the long-term effects 14 y after the intervention ended. For
more information, see the CONSORT (Consolidated Standards
of Reporting Trials) flow chart (Supplemental Figure 1).
Instruments
Two instruments were used to measure FV consumption
among the participants: a FV 24-h recall and a food-frequency
questionnaire (FFQ), respectively. A written 24-h recall, which
only asked about FV consumption, was used to assess participants’ daily intake of FVs (25).
In 2001, the baseline 24-h recall was read out loud to the
students by a project worker. To help the students recall their
intake, the day was separated into 5 periods; before school,
at school, after school (but before dinner), at dinner, and after
dinner. Students recorded their intake of FVs the previous
school day (survey was conducted on the weekdays Tuesday
through Friday). In 2016, the participants had become adults.
Therefore, the day was divided into 4 time periods that were
more applicable: at breakfast (early morning), at lunch (late
morning/early afternoon), at dinner (late afternoon), and after
dinner (evening). Participants also included FVs consumed inbetween meals both at baseline and follow-up in 2016. If the
participant consumed fruit or vegetables in the time periods
defined in the 24-h recall, they were asked to report the kind and
amount of fruit or vegetables consumed in household measures
(e.g., 1 apple, 12 grapes) or in portions (e.g., 1 portion of a mixed
green salad). The household measures were coded into portions
per day, and 1 portion was set to ∼80 g (20).
Unhealthy snack consumption was measured by 3 FFQ questions (soda/candy/potato chips; times per week). Questions were
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the intervention group and from 9.2 to 11.0 pieces/wk in the
control group (19). However, the effect was not sustained 24 mo
after the intervention was initiated. The Dutch Schoolgruiten
Project, which provided pupils with a piece of fruit or vegetable
for 9 mo, reported that the intervention group had a small
increase in fruit intake at the 2-y follow-up (difference: 0.15
servings/d), but no significant effect was found after stratification
for parental education (17). The Pro Children Study, which lasted
for 2 y, found a positive intervention effect in Norway (difference:
91.5 g/d), but not in The Netherlands and Spain, 20 mo after
initiation when only parts of the intervention were still active
(availability of fruit at school) (18).
Within the Fruit and Vegetables Make the Marks (FVMM)
project, an evaluation of 1 y of free school fruit reported an
increased consumption of FVs as a result of an intervention with
free school fruit for 1 school year while operating (20) and a
sustained effect 1 y (21) and 3 y (22), but not 7 y (23), after the
intervention period. Furthermore, studies found that this free-fruit
intervention reduced the consumption of unhealthy snacks among
children with less-educated parents while operating (20) and 7 y
after the intervention period (23).
Thus, the primary aim of the present study was to examine
the effects of 1 y of free school fruit in elementary school on
the consumption of fruit, vegetables, and unhealthy snacks 14 y
after the intervention period. The secondary aim was to assess
whether sex and educational attainment modified possible longterm effects.
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TABLE 1
Baseline characteristics of the current study sample and those lost to follow-up1
Attrition analyses
Lost to follow-up

Current study
sample

P

Free-fruit group

Control group

P

968
45
49
33

982
54
46
50

<0.001
0.139
<0.001

297
54
45
54

685
55
46
48

0.917
0.728
0.141

30
1.50 ± 1.772

30
1.56 ± 1.84

0.813
0.482

NA
1.33 ± 1.48

NA
1.66 ± 1.97

0.011

0.87 ± 1.30

0.95 ± 1.28

0.166

0.85 ± 1.14

0.99 ± 1.34

0.115

7.32 ± 4.75

6.83 ± 4.36

0.020

5.99 ± 3.85

7.19 ± 4.52

<0.001

1 Derived
2 Mean

by using chi-square test for categorical data and an independent t test for continuous data. NA, not applicable.
± SD (all such values).

formulated, such as “How often you do eat/drink candy/potato
chips/sugar-sweetened soft drinks?” The reply options were
as follows: 1) never, 2) <1 time/wk, 3) 1 time/wk, 4) 2
times/wk, 5) 3 times/wk, 6) 4 times/wk, 7) 5 times/wk, 8) 6
times/wk, and 9) every day. An unhealthy snacks scale, with
the range of 0–30 times/wk was constructed by merging the
items.
The validity and reliability of 24-h FV recall have previously
been reported for FV intake among sixth-graders (25, 26).
The 24-h recall gave valid estimates for the average intake of
vegetables but overestimated the intake of fruit compared with
the reference method (7-d food record) (25). The reliability
study (test-retest) found that there were no significant differences
between intakes estimated at the 2 periods (14-d period) when
looking at fruit and vegetables separately. However, when fruit
and vegetables were combined, there was a significant difference
between the 2 periods.
The FFQ questions that were used to assess the
consumption of unhealthy snacks have not been validated.
However, a test-retest found that scores on the unhealthy
snacks scale were significantly (P < 0.001) correlated
(Pearson’s correlation coefficient, r = 0.71), and mean
values were not significantly different (5.2 compared with 5.5
times/wk; P = 0.24, paired-samples t test) in 2 assessments 14 d
apart (26).
Participants’ sex was reported at baseline, and level of
education was reported in 2016. Education was mapped by
the following question: “What is your education? Report your
highest completed level of education.” The reply options were
as follows: 1) <10 y of primary school, 2) primary school,
3) high school (gymnasium/vocational school), 4) university or
university college (≥4 y), 5) university or university college
(>4 y), and 6) other. Education was recoded into lower and
higher education (lower: no college or university education;
higher: having attended college or university). In addition,
for baseline comparisons only in the present study, parental

level of education in 2001 was used (lower: no college
or university education; higher: having attended college or
university).
Ethics, consent, and permission
The study was conducted according to the Helsinki Declaration. Informed consent was obtained before the study. Ethical
approval and research clearance were obtained from the National
Committees for Research Ethics in Norway (REK; file no.
S-01076) and the Norwegian Center for Research Data (NSD;
file no. 12,395).
Statistical methods
An attrition analysis was conducted to assess potential differences between the current study sample and those lost to followup (Table 1). An independent t test was used for continuous
variables and chi-square for categorical variables. To evaluate the
effect of the intervention (fruit without parental payment) on the
intake of fruit, vegetables, and unhealthy snacks, linear mixed
models (mixed-model regression) were used. This analysis takes
the nested design into account and adjusts for sex, education, and
intake at baseline (Table 2). The school was included as a random
effect and baseline intake, group (intervention or control), sex,
and education were included as fixed effects. Interaction effects
between condition (group) and 1) sex and 2) educational level
were tested, and stratified analyses were conducted if interactions
were significant. The residuals were examined, and the model
assumptions were met. All of the statistical analyses were
performed using the SPSS Statistics 24 (IBM Corporation).
P values <0.05 were considered significant. Because interaction
terms have less power, the “significant” levels of interaction terms
are usually set >0.05 (e.g., P < 0.10) (27). In our analysis,
P values <0.10 were considered significant for interaction
terms.
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n
Sex, % girls
Class grade, % seventh grade
Parental education, % highly
educated
Group, % free-fruit students
Baseline fruit intake,
portions/d
Baseline vegetable intake,
portions/d
Baseline unhealthy snacks
intake, times/wk

Current study sample
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TABLE 2
Overall intervention effects on the consumption of fruit, vegetables, sugar-sweetened beverages, diet soft drinks, and unhealthy snacks 14 y after the
intervention period1
Crude models
Baseline

Stratified by sex
Males
Females
Stratified by education
Higher education
Lower education
Stratified by sex and education
Males, high education
Females, high education
Males, low education
Females, low education
Vegetables (all), portions/d
Unhealthy snacks (all),
times/wk

Mean
difference
(A − B)

P3

Interaction
of
condition×
sex

Interaction
of
condition×
education

Free-fruit
group

Control
group

Free-fruit
group

Control
group

Free-fruit
group

Control
group

1.33
(1.16, 1.50)

1.65
(1.51, 1.80)

1.30
(1.14, 1.46)

1.28
(1.18, 1.39)

1.34
(1.14, 1.53)

1.24
(1.12, 1.36)

0.10

0.407

0.014

0.035

1.17
(0.91, 1.44)
1.47
(1.25, 1.69)

1.61
(1.38, 1.84)
1.69
(1.50, 1.89)

1.07
(0.84, 1.29)
1.50
(1.28, 1.73)

1.25
(1.09, 1.41)
1.33
(1.19, 1.47)

1.06
(0.83, 1.29)
1.64
(1.36, 1.93)

1.22
(1.07, 1.37)
1.26
(1.10, 1.42)

− 0.16

0.257

NA

0.241

0.38

0.023

NA

0.069

1.38
(1.18, 1.58)
1.09
(0.77, 1.41)

1.77
(1.57, 1.97)
1.40
(1.19, 1.61)

1.31
(1.14, 1.49)
1.25
(0.93, 1.57)

1.43
(1.30, 1.56)
1.06
(0.88, 1.24)

1.31
(1.12, 1.50)
1.34
(0.96, 1.71)

1.42
(1.29, 1.55)
1.05
(0.84, 1.27)

− 0.11

0.355

0.085

NA

0.29

0.193

0.055

NA

1.30
(0.97, 1.63)
1.44
(1.19, 1.69)
0.96
(0.51, 1.41)
1.29
(0.85, 1.73)
0.85
(0.72, 0.98)
5.99
(5.55, 6.44)

1.88
(1.54, 2.22)
1.70
(1.45, 1.95)
1.22
(0.94, 1.51)
1.61
(1.29, 1.93)
0.99
(0.89, 1.09)
7.19
(6.85, 7.54)

1.03
(0.78, 1.28)
1.50
(1.26, 1.73)
0.99
(0.66, 1.32)
1.71
(1.07, 2.35)
1.61
(1.44, 1.77)
3.74
(3.44, 4.04)

1.44
(1.22, 1.65)
1.44
(1.27, 1.62)
1.02
(0.78, 1.26)
1.12
(0.86, 1.39)
1.56
(1.45, 1.67)
4.14
(3.91, 4.36)

1.10
(0.81, 1.39)
1.53
(1.24, 1.83)
0.99
(0.60, 1.38)
1.81
(1.20, 2.42)
1.57
(1.33, 1.80)
3.89
(3.48, 4.30)

1.40
(1.21, 1.60)
1.43
(1.25, 1.62)
1.01
(0.76, 1.26)
1.08
(0.75, 1.42)
1.54
(1.41, 1.69)
0.105
(4.03, 4.53)

− 0.30

0.085

NA

NA

0.10

0.549

NA

NA

− 0.02

0.914

NA

NA

0.73

0.043

NA

NA

0.03

0.873

0.618

0.955

− 0.40

0.105

0.304

0.121

Values are mean intakes (95% CIs) unless otherwise indicated; n = 982 (297 in the free-fruit group and 685 in the control group). NA, not applicable.
Models were adjusted for sex, educational level, and intake at baseline.
3
Analyses based on mixed models, adjusted for baseline data.
1
2

RESULTS

Attrition analyses showed differences in participation rates
by sex and parental educational level because the current
study sample included more females than the baseline sample
(54% compared with 45%; P < 0.001) and more participants with high parental education (50% compared with 33%,
P < 0.001) (Table 1). Those lost to follow-up also had a
significantly higher consumption of unhealthy snacks at baseline
than the current study sample (P = 0.020). No baseline
differences in FV consumption were detected between these
groups.
Comparison of baseline characteristics among the those who
attended the follow-up survey (the current study sample) showed
a higher frequency of fruit and unhealthy snack consumption
within the control group, but not vegetable consumption,
compared with the intervention group (P = 0.011 and P < 0.001,
respectively). No significant differences in background characteristics were observed between the intervention and the control
groups.
The main analyses examining possible long-term intervention
effects showed no significant differences in overall consumption
of fruit, vegetables, or unhealthy snacks between the intervention
and the control groups 14 y after the intervention period (Table 2).
Significant interaction terms, however, were observed for fruit

intake between intervention condition and sex (P = 0.014) and
intervention condition and educational level (P = 0.035). On
the basis of these results, analyses were stratified on sex and
educational level. Sex-stratified models showed an increased
consumption of fruit among females in the intervention group
compared with females in the control group [mean difference
(MD): 0.38 portions/d; P = 0.023], but not among males. Models
stratified on educational level did not show any significant
differences in the consumption of fruit between the intervention
and the control groups. Furthermore, these stratified analyses
showed significant interaction terms between intervention condition and educational level for females (P = 0.069) and significant
interactions between intervention condition and sex within both
the analyses on less-educated (P = 0.055) and highly educated
(P = 0.085) participants. Therefore, the stratified groups were
again stratified, and the models were conducted separately for
highly educated males, highly educated females, less-educated
males, and less-educated females. The results from these final
models showed an increased frequency of fruit consumption
among less-educated females in the intervention group compared
with those in the control group (MD: 0.73 portions/d; P = 0.043)
and a tendency of a decreased consumption of fruit among
highly educated males in the intervention group compared
with the control group (MD: −0.30 portions/d; P = 0.085).
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Fruit (all), portions/d

Adjusted models: follow-up2

Follow-up

LONG-TERM EFFECT OF FREE SCHOOL FRUIT

However, no effects of the intervention were observed among
highly educated females and among less-educated males for fruit
consumption.
No significant long-term intervention effects were observed
in the consumption of vegetables or unhealthy snacks, and
no significant interaction effects between condition and sex or
educational level were shown for these outcomes. Consequently,
these results were not presented stratified on sex or educational
level in Table 2.

Although school has been identified as an important and
effective arena for the promotion of healthy dietary habits
(28), there has been a lack of well-designed, long-term studies
evaluating the impact of school-based interventions promoting
increased consumption of FVs (14, 15, 29). The present study
generates much-needed knowledge with regard to the long-term
effects of FV intake among children.
Results from this 14-y follow-up study did not show a
sustained overall intervention effect of the free-fruit scheme
on the consumption of FVs. Sex-stratified analyses showed,
however, an increased frequency of fruit consumption of 0.38
portions/d among females in the intervention group compared
with females in the control group, and further stratification for sex
and educational level showed a stronger long-term effect of 0.73
portions/d among less-educated females in the intervention group
compared with those in the control group. No further significant
long-term effects were observed.
Previously, the FVMM project has reported a significant
increase in FV consumption (combined measure) among boys
(+0.57 portions/d) and girls (+0.69 portions/d) while provided,
and that some of the intervention effect was sustained 3 y later
(+0.38 and +0.44 portions/d for boys and girls, respectively)
(22). The intervention effect on FV consumption was, however,
not significant 7 y after the intervention period (23). The
present study included further follow-up (14 y) and additional
information about the consumption of fruit and vegetables
separately and how the effects varied according to educational
status and sex. These additional analyses were possible to conduct
due to a higher response rate in the present follow-up study than
in the 7-y follow-up study (23).
In line with the results from the FVMM project, systematic
review studies and meta-analyses have previously reported
positive effects of school-fruit schemes and concluded that freeschool-fruit schemes may contribute to reduce inequalities in diet
(13, 15, 30). Although several other free-school-fruit schemes
have successfully contributed to increased consumption of fruit,
and to some extent vegetables, only minor or no sustained effects
have been reported 1 y after the intervention period and, to
our knowledge, no longer-term effects have previously been
examined (17, 18, 31). Fogarty et al. (19), who also confirmed
positive effects of free-fruit schemes among children living in
deprived areas, concluded that this approach does not influence
fruit intake after the free fruit program terminates. Results from
this FVMM study, however, have partly disproved these claims,
because subgroups such as less-educated females have shown
sustained effects of free-fruit schemes 14 y after the intervention
period.

To our knowledge, no other studies have examined the
long-term effects of school FV interventions according to sex
and SES. However, a systematic review reported that schoolbased interventions in general appear to work better for girls
than for boys, and especially among subgroups with the most
unfavorable baseline values (32). Studies have also reported
that “upstream” interventions (e.g., subsidies on FVs) were
more likely to reduce health inequalities, whereas “downstream”
interventions (e.g., dietary counseling) seemed to benefit higher
socioeconomic groups due to better access to resources (33–35).
The favorable intervention effect observed among less-educated
females in the present study may therefore be a result of an
“upstream” intervention working well for less-advantaged groups
and indicate that school FV schemes providing FVs for free might
be an effective strategy to reduce social inequalities in health (13).
Although the present study did not show an additional effect
on the consumption of unhealthy snacks 14 y later, regardless
of sex and educational level, previously published results from
the FVMM project have shown a significant reduction in the
consumption of unhealthy snacks among both sexes after the
intervention period (22). A 3-y follow-up study indicated that this
effect was not sustained (22), but interestingly, results from the
7-y follow-up study showed a significant intervention effect on
the consumption of unhealthy snacks among students of parents
without higher education (23). The intervention effect observed
in the 7-y follow-up study may, however, partly be explained
by a small and selected participating sample compared with the
sample participating in both the 3-y and the present 14-y followup study. Whereas some other studies have reported a lack of
short-term effects (≤1 y after the intervention period) of freefruit schemes on total energy consumption and the consumption
of unhealthy snacks (31, 36), no other studies have previously
reported similar long-term effects as in the present study. Thus,
more long-term studies and studies with high statistical power are
also needed to evaluate the potential effects of FV interventions
on the consumption of unhealthy snacks.
Despite the lack of intervention effect on unhealthy snacks
observed in the present study, participants from both the
intervention and the control groups significantly reduced their
consumption of unhealthy snacks between 2001 and 2016.
Recently published results from the FVMM study have also
shown a significant decrease in the frequency of sugar-sweetened
beverages and an increase in the frequency of artificially sugared
beverages in this time period (37). Furthermore, other studies
have also described a reduced consumption of added sugar among
adolescents between 2001 and 2010 (38–40). This trend may
partly be explained by the increased focus from Norwegian health
authorities during the last decades on reducing consumption
of sugar-sweetened foods and beverages among children and
adolescents (41).
A major strength of the present study is the 14-y follow-up
period. To our knowledge, no other studies evaluating possible
effects of FV interventions after such a long period of time have
been published. Loss to follow-up over time, however, has been
described as inevitable, even with the best study design and
conduct (42). In our study, we managed to collect data from
50% of the original study participants at follow-up 15 y after
baseline. Furthermore, selective dropout has been described as
a major methodologic problem in most longitudinal studies (43)
and attrition analyses confirmed that results from the present
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study were biased by a selection of females, participants with a
higher educational level, and those reporting a lower frequency of
unhealthy snack consumption at baseline. Whether this selection
bias may have affected the results is unknown, but most likely
the initial lower frequency of unhealthy snack consumption
at baseline in the current sample may have limited the longterm intervention effect on unhealthy snacks. Further analyses
examining baseline differences between the intervention and the
control groups of the final study sample showed no differences in
sex, class grade, and parental education in the present study. On
the other hand, the consumption of fruit and unhealthy snacks
was significantly higher in the control group compared with the
intervention group. We acknowledge this limitation of the study
and used statistical analyses to adjust for baseline differences
between the groups. Another limitation of the study is the use of
self-reported data. Moreover, different measures of educational
attainment were used in the present study than in the previous
evaluations of the free-fruit program. In earlier evaluations, we
used parental education as a measure of SES, whereas in the
present study we used participants’ own educational level. In
2016, the participants had become young adults (25–27 y old)
and therefore we assumed that the majority of the participants
had completed their education.
In conclusion, the present study indicates a sustained effect on
fruit consumption among females, and especially among lesseducated females, 14 y after the intervention period, which is
promising in a public health context. On the other hand, the study
did not show any significant long-term effect on the consumption
of vegetables or unhealthy snacks.
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Abstract
Background: The rationale for promoting increased consumption of fruit and vegetables (FV) at an early age is
based on results from previous tracking-studies, indicating that dietary habits learned in childhood sustain into
adulthood. Previous tracking studies have several limitations (e.g. low study sample, few repeated measurements
and/or short a follow-up period). In addition, to our knowledge, no study has shown that a dietary intervention
initiated in childhood affects tracking of dietary behaviour. The main objectives in this study were therefore to
assess tracking of FV and unhealthy snacks in a large sample with multiple follow-up surveys over 15-years, and
whether exposure to free school fruit for one school year modified tracking.
Method: The longitudinal cohort-study, Fruit and Vegetables Make the Marks, included 38 randomly drawn schools
in Norway; nine intervention schools received free fruit (or vegetable) in the school year 2001/2002 and 29 schools
severed as control. The baseline sample included 1950 subjects, and 16–92% participated at five follow-up surveys
(2002–2016). FV consumption and unhealthy snacks were measured by FFQ. Mixed models were applied to
estimate overall tracking coefficients, and to assess whether the intervention modified tracking ((from baseline, from
follow-up one (while intervention was running) and from follow-up two (after end of intervention)).
Results: Overall tracking coefficients were 0.33 for fruit, 0.36 for vegetables and differed by sex for unhealthy snacks:
0.46 males and 0.39 for females (interaction p = 0.065). Most analyses showed no significant difference in tracking
between the intervention group and control group. However, from follow-up one, tracking coefficients were
different for unhealthy snacks, 0.46 vs. 0.38 (interaction p = 0.036), and from follow-up two for vegetables, 0.35 vs
0.48 (p = 0.036), in the intervention group and control group, respectively.
Conclusion: Our results indicate low to moderate tracking of FV and unhealthy snacks from childhood to
adulthood. We found little evidence that the free fruit intervention modified tracking of fruit, vegetables or
unhealthy snacks. More research is needed on if or how we can influence the tracking of fruit, vegetables and
unhealthy snacks consumption to improve public health.
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Background
As the health gain of consuming fruit and vegetables
(FV) are well documented [1–5] and most western
countries, including Norway, have a lower consumption
than recommended [6–8], many public health initiatives
have been launched to promote FV consumption.
Notably, many of those initiatives have targeted children
[9–12]. The rationale for promoting consumption of FV
at an early age is often based on results from
tracking-studies, which have shown that dietary habits
to some extent sustain from childhood to adulthood
[13]. By using tracking as an argument to implement interventions early, it is assumed that dietary interventions
initiated in childhood will maintain to a significant extent later on in life i.e. that the newly gained intake
levels will track throughout the rest of life. However, to
our knowledge, no study has looked into the tracking of
dietary behaviours after participating in an intervention
nor whether interventions may influence the tracking of
dietary behaviours.
Tracking can be defined as the maintenance of the
relative position of a health related behaviour in rank at
the group level, or the relative stability over a period of
time [14]. Tracking studies which include fruit, vegetables, and unhealthy snacks (soft drinks, chocolate/
sweets/crisps) as separate food groups have generally
shown poor to moderate tracking [15–18]. Studies
reporting dietary tracking have used longitudinal studies
(e.g. health studies), usually including data from two or
three timepoints and vary in the number of years covered and by sample size included per timepoint [13, 19].
Further, dietary methods used to assess tracking include;
questionnaire items, FFQ, dietary history interviews,
dietary recalls and diet diaries [19]. A wide range of
statistical methods have been used to evaluate tracking;
stability in rank, Kappa, odds ratio and correlation
coefficients [13].
A systematic review reported that it was likely that the
strength of dietary tracking was underestimated, due to
methodological difficulties in quantifying habitual behaviour [13]. In general, tracking studies are difficult to compare due to difference in study design, methods of dietary
assessment and use of statistical methods [14, 16, 19].
Furthermore, many studies only provide data from two or
three time-points which limits the opportunity to gain
knowledge into trajectories over time [19].
For the promotion of dietary habits, tracking provides
insight into when dietary habits may persist over time,
into which life stages people are responsive to interventions and can also be of use to improve the content of future interventions [17]. If an intervention is able to
improve dietary behaviour while operating, it is interesting
to examine if and how the behaviour (targeted by the
intervention) continuous to track after the intervention
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period. Furthermore, as several dietary methods are used
to examine dietary tracking, knowledge about how the use
of dietary methods can affect the results are of
importance.
In Norway, the Fruit and Vegetables Make the Marks
(FVMM) research project provided one piece of fruit
daily to children at elementary school for one year.
Previous results from FVMM showed increased
consumption of fruit in the intervention group while the
intervention was operating [11], one [20] and three [21]
and 14 (manuscript accepted for publication in AJCN),
but not seven years after the intervention ended [22]. In
addition, a significant reduction of consumption of
unhealthy snacks was found among children with lower
educated parents while the intervention was operating
and seven years after the intervention ended [11, 22].
Thus, in the FVMM cohort, longitudinal data is
available for fruit, vegetable and unhealthy snacks consumption, providing the opportunity to assess tracking
with six repeated measurements over a period of 15
years. Moreover, the FVMM provides the opportunity to
study whether tracking differs by dietary method. As
mentioned, tracking studies vary in the methodologies
used which limits comparability. In the current study FV
intake was assessed by two different methods; i.e. a food
frequency questionnaire (FFQ) and a 24-h recall (24-h).
As the FFQ is a better measure for assessing habitual
intake, we assume that this measure provides a more
precise estimate while the 24-h recall is dependent on
the intake at one day and as a result shows lower
stability.
Therefore, the objectives of the present study are to 1)
investigate the potential tracking of fruit, vegetable and
snacks consumption from childhood to adulthood, 2) to
investigate if exposure to one year of free school fruit at
primary school modified tracking of fruit, vegetables and
unhealthy snacks from childhood to adulthood and 3) to
study if tracking coefficients differ by the dietary
methods FFQ and 24-h recall.

Materials and methods
Design and study sample

The current study sample consists of participants from
the FVMM cohort study. In 2001, 38 elementary schools
from two counties (Hedmark and Telemark) in Norway
were randomly drawn to participate in the FVMM study.
Within one of the counties (Hedmark), nine schools
were randomly selected as interventions schools and
participated in the Norwegian School Fruit Scheme
without parental payment; thus, receiving one piece of
fruit or vegetable once every school day from October
2001 to June 2002 [21].
In September 2001, a baseline questionnaire survey
was conducted. Follow-up surveys were conducted in
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May 2002, May 2003 (only 6th graders), May 2005, May
2009 and January–December 2016. The baseline
questionnaire and three follow-up surveys (May 2002,
May 2003 and May 2005) were conducted by trained
research staff travelling to the respective schools. The
fourth follow-up (May 2009) survey was sent by mail. At
the fifth follow-up (2016), participants were contacted
by phone and social media. A research profile was created for each of the four project workers to locate potential baseline participants. Verified participants were sent
a private message with information about the project.
The participants could answer the questionnaire by 1)
receiving a link to the online questionnaire on Facebook
or e-mail or 2) provide their answers on a phone
interview.
The FVMM baseline cohort includes 1950 pupils; 966
girls and 984 boys, 585 were in the intervention group
and 1365 in the control group. Estimated mean age was
11.8, 12.5, 12.0, 15.5, 19.5 and 26.5 years in 2001 (baseline), 2002, 2003, 2005, 2009 and 2016, respectively. A
total of 1794 (92%), 918 (53%), 1602 (82%), 320 (16%)
and 982 (50%) participated at the follow-up surveys in
2002, 2003, 2005, 2009 and 2016. For more information,
see the consort flow chart [Additional file 1].
Instruments

Two instruments were used to measure fruit and vegetable consumption; a 24-h recall and a food frequency
questionnaire (FFQ), [Additional file 2]. The written
24-h recall was used to assess participants daily consumption of fruit and vegetables (portions/day). For the
24-h recalls conducted in 2001, 2002, 2003 and 2005,
the pupils were requested to record their consumption
the previous school day (surveys were conducted on
weekdays, Tuesday through Friday). To help the pupils
recall their intake, the day was divided into five periods:
before school, at school, after school, at dinner and after
dinner. The 24-h recall part of the questionnaire was
read aloud to the participants in 2001 and 2002 (first
follow-up) by a project worker. In 2009 and 2016, data
included both weekdays and weekend days and participants were asked to report their FV consumption the
previous day, and the day was separated into periods
more applicable for adults: breakfast, lunch (between
breakfast and dinner), dinner and supper (after dinner).
At all timepoints, participants were also asked to record
FV consumed in-between meals. Fruit and vegetable
consumption was calculated separately (portions/day).
Additionally, usual fruit and vegetable consumption
(times/week) was measured with four food frequency
questions (FFQ). Unhealthy snacks consumption was
measured by three FFQs (soda, candy, potato chips),
which was merged into an unhealthy scale ranging from
0 to 30 times/week. The reply options for fruit,
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vegetable, and unhealthy snacks consumption were:
Never, less than once a week, once a week, twice a week,
three times a week, four times a week, five times a week,
six times a week, every day, several times per day. The
questions from the food frequency questions and the
24-h recall have previously been presented, and their
validity and reliability have been reported for fruit and
vegetable consumption among pupils in the 6th grade
[23]. The FFQ questions used to measure consumption
of unhealthy snacks have not been validated. A
test-retest found that scores in the unhealthy snacks
scale were significantly correlated, and mean values were
not significantly different in two assessments 14 days
apart [24].
At baseline, pupils reported their sex and their parents
recorded their level of education (lower education: no
college or university education or higher education:
attended college or university).
Data analysis
Descriptive and drop-out analysis

All statistical analysis was conducted using the statistical
software package STATA 15.0 (StataCorp LLC, College
station, TX, USA). All descriptive information is
presented in Table 1, previous studies have explored
differences in the FVMM dataset [20–22].
To investigate the drop-out mechanism, two analyses
were performed. Firstly, drop-out analysis to explore
possible differences in fruit, vegetable and unhealthy
snacks consumption at the previous measurement
between drop-outs and respondents at all follow-ups
(within groups) were done by independent t-test.
Secondly, subjects with no-missing data (responded to
all six measurements) were compared to subject with
missing data (did not respond to 1 ≥ measurements)
regarding weekly and daily consumption of fruit,
vegetables and unhealthy snacks, gender and parental
education over time.
Main analysis

Tracking was assessed by mixed model analyses, using
all available longitudinal data, as suggested by Twisk
[25] in which the baseline value was regressed on the
outcome measured at the 5 follow-up measurements.
Mixed model analyses must be used because the
repeated observations within the subjects are highly
correlated. The regression coefficient for baseline daily/
weekly fruit, vegetable and unhealthy snacks consumption
can be interpreted as the tracking coefficient, where values
close to one indicate high tracking and values close to zero
indicate low tracking. Further, the model allows for
adjustment of covariates, both time-independent and
time-dependent. The assumptions for linear mixed models
were checked and met.
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Table 1 Description of the sample at all timepoints by intervention and control
Baseline (2001)

Follow-up 1 (2002)

Follow-up 2 (2003)*

Intervention

Control

Intervention

Control

532

1262

293

625

Intervention

Control

N

585

1365

Gender (% female)

49

50

0.488

49

50

0.517

46

51

0.102

Parental education (% high)

48

39

< 0.001

48

39

0.001

46

40

0.115

Mean ± SD

Mean SD

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

Fruit (portions/day)

1.3 ± 1.5

1.5 ± 1.9

0.009

1.7 ± 1.6

1.2 ± 1.5

< 0.001

1.4 ± 1.4

1.2 ± 1.4

p-value

p-value

p-value

0.005

Fruit (times/week)

7.3 ± 4.4

7.6 ± 4.4

0.298

7.7 ± 4.1

7.2 ± 4.4

0.051

7.6 ± 4.2

7.4 ± 4.2

0.700

Vegetable (portions/day)

0.8 ± 1.1

0.9 ± 1.3

0.287

0.6 ± 1.0

0.6 ± 1.0

0.451

0.6 ± .09

0.6 ± 0.9

0.860

Vegetable (times/week)

6.5 ± 3.9

6.6 ± 3.8

0.763

7.1 ± 3.8

6.3 ± 3.9

< 0.001

6.6 ± 3.5

6.4 ± 3.6

0.280

Unhealthy Snacks (times/week)

6.5 ± 4.1

7.2 ± 7.7

0.001

6.3 ± 4.4

7.4 ± 5.1

< 0.001

6.0 ± 3.9

7.1 ± 5.0

< 0.001

Follow-up 3 (2005)

Follow-up 4 (2009)

Follow-up 5 (2016)

Intervention

Control

Intervention

Control

Intervention

control

N

500

1101

112

208

297

685

Gender (% female)

48

52

0.200

59

64

0.355

54

55

0.917

Parental education (% high)

48

40

0.004

53

46

0.229

54

48

0.141

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

Mean ± SD

Fruit (portions/day)

1.2 ± 1.4

1.2 ± 1.6

0.820

1.2 ± 1.4

1.0 ± 1.3

0.245

1.3 ± 1.3

1.2 ± 1.3

p-value

p-value

p-value

0.858

Fruit (times/week)

7.5 ± 4.3

7.0 ± 4.5

0.020

6.4 ± 4.3

6.0 ± 4.2

0.417

6.3 ± 3.6

6.3 ± 3.5

0.903

Vegetable (portions/day)

1.0 ± 1.3

0.9 ± 1.4

0.293

1.0 ± 1.1

1.0 ± 1.08

0.763

1.6 ± 1.4

1.5 ± 1.4

0.600

Vegetable (times/week)

6.9 ± 3.9

6.3 ± 3.7

< 0.001

6.6 ± 3.8

6.5 ± 3.9

0.825

7.8 ± 3.3

8.1 ± 3.4

0.301

Unhealthy snacks (times/week)

6.5 ± 5.2

7.2 ± 5.1

0.013

4.7 ± 3.4

5.4 ± 4.8

0.143

3.7 ± 2.6

4.1 ± 2.9

0.050

T-test for continuous variables. Chi square for categorical variables. *Follow-up 2 included only initially 6th graders (not 7th graders as they in May 2003 were in
secondary elementary schools

To analyse tracking of fruit, vegetables, and
unhealthy snacks over a 15-year period the total
sample was used with adjustment for the intervention.
The analysis was repeated with the control group
only, which gave the same results (analysis not
shown). The models were further adjusted for
parental education and/or sex and in addition, both
parental education and sex was examined as a
possible effect modifier and reported separately if the
interaction was significant.
To investigate whether the intervention influenced
tracking, assessment of tracking from respectively
baseline, follow-up one and follow-up two were done by
adding the interaction between the intervention and the
initial measure to the model (baseline, follow-up one
and two). Investigationsof tracking was done at several
timepoints because; at baseline the control group had a
higher consumption of fruit (24-h recall) than the intervention group. At follow-up one, the intervention was
still operating, and the intervention group had higher
consumption of fruit than the control group. At

follow-up two, the intervention was over, however, only
the initial 6th graders answered the questionnaire, as the
initial 7th graders were in secondary high school in May
2003. Tracking analysis of vegetables by intervention
was done, however previously published papers has
indicated that school fruit schemes do not affect
vegetable consumption [26]. Again, the analyses were
adjusted for sex and parental education.
Tracking coefficients are not capable of giving
information of predictability, therefore supplementary
analysis was done with dichotomous outcomes of
weekly/daily fruit and vegetables and unhealthy
snacks. Subjects within the intervention and control
group were categorized whether they were in the
highest tertile of daily/weekly fruit and vegetables
consumption and weekly unhealthy snacks consumption. Odds ratios were calculated for being in the
highest tertile over time for subjects who were in the
highest tertile at respectively baseline, follow-up one
and two [27]. Odds ratios were calculated with logistic generalized estimation equation analysis [25].
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To investigate if tracking differed by FFQ and 24-h recall the exact same analyses were applied to the longitudinal data derived from the two dietary methods.
We used the p < 0.05 to indicate statistical significant
associations. For interaction terms p < 0.1 was used, as
interaction terms are a multiplication of two variables
which include measurement error [28].

Results
Description and analysis of missing data

Descriptive information of the study sample is shown in
Table 1. Drop-out assessment between drop-outs and
respondents at all follow-ups by the latter measurement
[see Additional file 3], generally found that respondents
had a higher mean consumption of fruit and vegetables
and lower consumption of unhealthy snacks than
drop-outs, both within the intervention and control
group. However, there were more (at several timepoints)
significant differences between drop-outs and respondents within the control group.
The mean consumption (over time) between responders
who had had no-missing and 1 ≥ missing at follow-ups
within the intervention and control group revealed no
differences for weekly fruit consumption [see Additional
file 4]. For weekly- and daily vegetable consumption,
respondents with 1 ≥ missing had a lower mean consumption than no-missing within both groups. Regarding daily
fruit consumption, responders with no-missing in the
intervention group had a higher consumption, while in
the control group respondents with 1 ≥ missing had a
higher consumption. The mean consumption of snacks
was higher among missing than no-missing in both
groups. In both groups, a higher percentage of no-missing
respondents were female, and their parents had a higher
level of education compared to those who had 1 ≥ missing.

Main results
The tracking coefficients were hardly affected by adjustments of sex and parental education; therefore, we only
present the coefficients from the adjusted model.
Overall tracking of fruit, vegetables and unhealthy snacks
by dietary methods
FFQ

The adjusted tracking coefficient for weekly fruit and
vegetable consumption, covering a period of 15-years was
0.33 (95% CI 0.29, 0.36) and 0.36 (95% CI 0.33, 0.40),
Table 2. The tracking coefficient for snacks was significantly different for males and females 0.46 (95% CI 0.41,
0.51) vs 0.39 (95% CI 0.24, 0.44), respectively.
24-h recall

There was a significant (p = 0.006) interaction between
baseline daily fruit consumption and parental education,
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Table 2 Tracking of fruit, snacks and vegetables from baseline
to follow-up 5 in the total sample
Tracking**
Tracking
coefficient

95% CI

0.33

0.29, 0.36

Lower education

0.19

0.15, 0.22

Fruit: times/week

p-value for
interaction*

Fruit portions/day

Higher education

0.26

0.22, 0.30

Vegetables: times/week

0.36

0.33, 0.40

Vegetables: portions/day

0.14

0.11, 0.17

Male

0.46

0.41, 0.51

Female

0.39

0.24, 0.44

Longitudinal prediction of being
in the highest tertile of intake***

OR

95% CI

Fruit: times/week

2.64

2.26, 0.09

Fruit: Portions/day

2.81

2.36, 3.35

Males

3.56

2.76, 4.61

Females

2.19

1.78, 2.70

Vegetables: portions/day

1.78

1.51, 2.09

Unhealthy Snacks: times/week

4.61

3.90, 5,44

0.006

Snacks: times/week
0.065

Vegetables: times/week
0.004

Adjusted for intervention, sex and parental education
*Results presented separately due to significant interaction P < 0.1
**Performed by Mixed Models
***Performed by GEE

as subjects with parents of lower education had a lower
tracking (0.19 (95% CI 0.15, 0.22)) coefficient than subjects with higher education (0.26 (95% CI 0.22, 0.30)).
The adjusted tracking coefficient for daily vegetable consumption was 0.14 (95% CI 0.11, 0.17).
Prediction of being in the highest tertile

Males had a significantly higher OR 3.56 (95% CI 2.76,
4,61) of remaining in the highest tertile of weekly
vegetable consumption compared to females OR 2.19
(95% CI 1.78, 2.70). No other significant differences were
found.
Tracking of fruit, vegetables and unhealthy snacks by
intervention and by dietary methods
FFQ

The tracking coefficient for snacks from follow-up one
was significantly different in the intervention and control
group, 0.46 (95% CI 0.39, 0.53) vs. 0.38 (95% CI 0.33,
0.42), respectively, Table 3. From follow-up two, the control group had a significantly higher tracking coefficient
for weekly vegetables compared to the intervention
group, 0.48 (95% CI 0.38, 0.59) vs. 0.35 (95% CI 0.28,
0.42). No other significant differences were found.
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Table 3 Tracking and odds ratio of being in the highest tertile by intervention and control
Tracking**
Intervention

Control

Tracking coefficient

95% CI

Tracking coefficient

95% CI

p-value for interaction*

Baseline-follow-up 5

0.33

0.28, 0.39

0.33

0.29, 0.37

0.874

Follow-up 1 -follow-up 5

0.36

0.29, 0.43

0.39

0.34, 0.43

0.609

Follow-up 2 -follow-up 5

0.39

0.29, 0.49

0.37

0.31, 0.44

0.822

Fruit: Times/week

Vegetables: Times/week
Baseline-follow-up 5

0.36

0.32, 0.40

0.37

0.32, 0.43

0.603

Follow-up 1 -follow-up 5

0.34

0.29, 0.38

0.39

0.32, 0.46

0.161

Follow-up 2 -follow-up 5

0.35

0.28, 0.42

0.48

0.38, 0.59

0.035

Unhealthy snacks: Times/week
Baseline-follow-up 5

0.44

0.40, 0.48

0.40

0.33, 0.47

0.322

Follow-up 1 -follow-up 5

0.46

0.39, 0.53

0.38

0.33, 0.42

0.036

Follow-up 2 -follow-up 5

0.34

0.23, 0.44

0.38

0.32, 0.43

0.511

Baseline-follow-up 5

0.33

0.27, 0.39

0.18

0.15, 0.21

< 0.001

Follow-up 1 -follow-up 5

0.29

0.23, 0.35

0.19

0.15, 0.24

0.013

Follow-up 2 -follow-up 5

0.33

0.23, 0.43

0.26

0.18, 0.33

0.231

Fruit: Portions/day

Vegetables: Portions/day
Baseline-follow-up 5

0.13

0.10, 0.17

0.16

0.10, 0.22

0.493

Follow-up 1 -follow-up 5

0.17

0.19, 0.23

0.30

0.21, 0.38

0.013

Follow-up 2 -follow-up 5

0.27

0.18, 0.37

0.24

0.08, 0.38

0.662

OR

95% CI

OR

95% CI

p-value for interaction*

From baseline

2.50

1.90, 3.30

2.70

2.24, 3.27

0.650

From follow-up 1

2.31

1.65, 3.23

3.32

2.67, 4.14

0.074

From follow-up 2

2.71

1.70, 4.32

2.56

1.84, 3.58

0.533

From baseline

3.15

2.34, 4.23

2.65

2.13, 3.28

0.347

From follow-up 1

3.10

2.20, 4,33

2.15

1.61, 2.87

0.110

From follow-up 2

2.00

1.20, 3.32

2.61

1.76, 4.09

0.436

From baseline

4.18

3.11, 5.62

4.81

3.93, 5.88

0.608

From follow-up 1

4.76

3.38, 6.70

4.46

3.51, 5.68

0.762

From follow-up 2

2.67

1.55, 4.60

5.90

4.12, 8.44

0.017

From baseline

3.08

2.32, 4.11

2.47

2.03, 3.01

0.209

From follow-up 1

3.23

2.32, 4.48

3.01

2.40, 3.79

0.740

From follow-up 2

3.84

2.34, 6.28

2.94

2.08, 4.16

0.389

From baseline

1.82

1.37, 2.41

1.78

1.47, 2.17

0.941

From follow-up 1

2.41

1.69, 3.43

1.69

1.30, 2.19

0.112

From follow-up 2

1.75

1.09, 2.80

2.24

1.54, 3.26

0.418

Longitudinal prediction of being in the
highest tertile of intake***
Fruit: Times/week

Fruit: Portions/day

Snacks: Times/week

Vegetables: Times/week

Vegetables: Portions/day

All analysis was adjusted for sex and parental education
*interaction < 0.1 is considered significant
**Performed by Mixed Models
***Performed by GEE
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24-h recall

From baseline to follow-up five and from follow-up one
to follow-up five, the daily tracking of fruit coefficient
was significantly different for intervention- and control
group 0.33 (95% CI 0.27, 0.39) vs 0.18 (95% CI 0.15,
0.21) and 0.29 (95% CI 0.23, 0.35) vs 0.19 (95% CI 0.15,
0.24), respectively, Table 3. From follow-up one, the control group had a significantly higher tracking coefficient
for daily vegetables compared to the intervention group,
0.30 (95% CI 0.21, 0.38) vs. 0.17 (95% CI 0.19, 0.23). No
other significant differences were found.
Prediction of being in the highest tertile

Prediction of being in the highest tertile for weekly fruit
consumption from follow-up one to five was higher in
the control group OR 3.32 (95% CI 2.67, 4.14) compared
to the intervention group OR 2.31(95% CI 1.65, 3.23),
Table 3. Further, the subjects in the control group (OR
5.90 (95% CI 4.12, 8.44)) had a higher predictability for
being in the highest tertile of consumption of snacks
compared to the intervention group (OR 2.67 (95% CI
1.55, 4.60)) from follow-up two. No other significant
differences were found.

Discussion
The current study presents tracking coefficients for fruit,
vegetables and unhealthy snacks covering a 15-year
period. To our knowledge, this is the first tracking study
presenting separate tracking coefficients for fruit and
unhealthy snacks after a dietary intervention.
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not been able to identify other studies using mixed
models for assessing tracking of fruit, vegetables and
unhealthy snacks which makes comparison difficult.
Furthermore, no other studies have previously reported
tracking of dietary habits after a dietary intervention
period. A study by te Velde et al., however, used a
similar statistical method (GEE) reported comparable
tracking coefficients for fruit and vegetable over a
24-year period with six measurements [15]. Patterson et
al. found poor tracking for vegetables, fair tracking for
fruit and weak tracking for different snacks using
Cohens’s weighted kappa over a 6-year period and the
design of the study allowed for just two measurements
[17]. The weak tracking coefficients in the latter study
can be explained by the dietary method on which they
based their analysis; one single 24-h recall, which is less
suitable for assessing tracking. Further, Lien et al., analysed by stability and rank [16], and reported good tracking of fruit, vegetables and sweets/chocolate. Lake et al.
used Pearson’s correlation coefficient and reported tracking for fruit and vegetables (combined) but found no
correlation of sugary foods over a 20-year period [18].
The statistical methods and/or design used by Patterson,
Lien and Lake has the disadvantage of only using two
measurements as opposed to our study where the statistical method allowed for utilization of all available data.
In our study, we only found a significant difference for
tracking of snacks by gender, where boys had a higher
tracking coefficient, as opposed to Lien et al. who found
that girls had higher stability of consumption of sweets/
chocolate and soft drinks [16].

Overall tracking of fruit, vegetables and unhealthy snacks

Based on the FFQ, covering a 15-year period in the total
sample, tracking coefficients of fruit and vegetables were
0.33 and 0.36, respectively, which is considered low to
moderate and is in line with the literature [13]. Further, the
tracking coefficient for unhealthy snacks were 0.46 for
males and 0.40 for females, indicating that males had a
more stable consumption over time. Predictability for
weekly vegetable consumption was significantly higher for
males that females, but predictability of fruit and unhealthy
snacks consumption did not differ between the sexes.
Our analysis based on the 24-h recall found that
subjects who had parents with higher education had a
higher tracking coefficient of fruit than their counterparts. Although this result was not confirmed in the analysis based on the FFQ, it might indicate that stability of
fruit consumption may be related to socioeconomic status, however this needs to be examined and explored in
other studies.
The existing evidence of tracking of fruit, vegetables
and unhealthy snacks in children and adolescents derives
from studies with different design, various methods used
and variation in number of years followed [13]. We have

Tracking of fruit, vegetables and unhealthy snacks by
intervention

Ideally, public health interventions and initiatives should
have lifelong effects. The main argument used for initiation of interventions promoting increased FV consumption at an early age is that dietary habits learned in
childhood “tracks” into adulthood. So far, no study has
actually evaluated if tracking of diet over years has been
modified by a dietary initiative. It is important to realize
that the tracking coefficient concerns the relative
position of a subject, so if everyone increases their intake
the same amount (because of an intervention), the
tracking coefficient will not change. It will only change if
some subjects change more than others and when their
relative position changes.
We found no significant difference between the intervention and the control group when analysing tracking
of weekly fruit consumption. The tracking coefficient for
unhealthy snacks was significantly higher in the intervention- compared to the control group from follow-up
one (while the intervention was operating), but not from
baseline and follow-up two (right after the intervention
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ended). Indicating that from follow-up one, the intervention group had a higher stability of unhealthy snacks
compared to the control group. The subjects in the
intervention group generally had a lower mean consumption of unhealthy snacks compared to the control
group at all time-points (Table 1). Therefore, a higher
tracking of unhealthy snacks shown in the present
study indicates that the intervention group maintained
a lower consumption over time. Further, the tracking
coefficient for vegetables (times/week) was significantly
higher in the control group from follow-up two, indicating
a higher stability of consumption. However, the
unadjusted consumption of vegetables (times/week) was
lower in the control group compared to the intervention
group at most timepoint, Table 1.
Predictability of remaining in the highest tertile of
weekly fruit consumption from follow-up one was higher
in the control group than the intervention group, but
not from baseline and follow-up two. At follow-up one,
the intervention was still operating and the subjects in
the intervention group had a higher mean consumption
of fruit. Therefore, it is likely that when the intervention
ended, more subjects fell into the second and first tertile
of consumption, thus lower predictability of remaining
in the highest tertile. Further, within both groups and at
all timepoints, subjects in the highest tertile at the initial
measure had higher odds of remaining in the highest
tertile over time, indicating that if you are a high
consumer in childhood you are more likely to be a high
consumer in adulthood (Table 3).
From follow-up two (just after the intervention ended)
the participants in the control group had a significantly
higher odds compared to the intervention group of
remaining in the highest tertile of unhealthy snacks, but
not from baseline and follow-up one, indicating that
participants in the intervention group had a lower odds
ratio of remaining in the highest tertile of unhealthy
snacks.
Combined, the tracking- and prediction analyses used
in the present study suggest that one year of school fruit
provided without parental payment for 11.8-year-old
children does not lead to different tracking coefficients
of weekly fruit consumption from childhood to
adulthood.
If the school fruit scheme actually modified tracking of
fruit, we would expect lower tracking from baseline and
higher tracking coefficients from follow-up one and two
in the intervention group compared to the control
group. A lower tracking coefficient from baseline would
indicate a higher degree of fluctuation (within and between subject), preferably subjects with a low consumption increasing their intake over time. A higher tracking
coefficient from follow-up one and two in the intervention group compared to control group would indicate

(2019) 16:22

Page 8 of 10

that that the subjects to a higher degree maintained their
high consumption over time. However, our prediction
analysis suggests that if you are a high consumer in
childhood you are also more likely to be a high consumer in adulthood.
On the other hand, we did observe significantly
different tracking of unhealthy snacks between the
groups from follow-up one; subjects in the intervention
group had a higher tracking coefficient (and a lower
consumption). These results may indicate that the
school fruit scheme influenced tracking of unhealthy
snacks. Yet, this was not sustained from follow-up two.
Tracking coefficients by dietary methods

When interpreting the tracking coefficients, several
considerations need to be kept in mind. Firstly, the magnitude of the tracking coefficient is dependent on the
length of the time measurement(s) [29]. A high tracking
coefficient over a short period of time may just be
evidence of reliability of the used method, while a lower
tracking coefficient over a long period of time, as found
in this study, may be a stronger indication of tracking
[29]. Secondly, tracking coefficients are influenced by
measurement error. For instance, tracking coefficients
for dietary consumption is lower than tracking of
biological properties [30]. The reason for lower tracking
of dietary consumption compared to i.e. biological properties is probably partly due to lower tracking, but also
because it is difficult to measure dietary consumption, as
eating behaviour can be highly variable both within and
between days for an individual [30]. Hence, it is important to use a dietary measure which reflects habitual
dietary consumption, i.e. FFQ, as used in this study,
reflects habitual dietary (i.e. less measurement error)
consumption better than a single 24-h recall. As
mentioned, one single 24-h recall does not reflect usual
dietary consumption at the individual level and may be
more susceptible to daily variations and consequently
provide low tracking coefficients. The current study
confirmed that assumption. Still, the results of the 24-h
recall are interesting and were thus presented, as it can
be useful for other researchers to see how choice of dietary methods may influence results from tracking
analysis.
Strengths and limitations

The main strength of this study was that we assessed
tracking over 15 years according to a dietary intervention, which has not been done before. Further, we used
all six measurements and a suitable statistical test,
providing knowledge into trajectories over time. We
compared tracking coefficients derived from two dietary
methods; FFQ and 24-h recall, where FFQ, is suitable for
assessing tracking and gives an indication of habitual
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consumption [31]. Another strength of the present study
is that both unhealthy and healthy dietary variables were
studied, which provides a broader insight into dietary
behaviour from childhood to adulthood.
Longitudinal studies are prone to loss of participants
at follow-up, and this study is no exception. In 2009, the
survey was sent to participants by regular mail. In
addition, the participants had to send their completed
survey back by regular mail. The delivery and return of
the survey most likely led to the low participation in
2009. However, drop-out was much smaller for the other
surveys. We performed two drop-out analyses which
showed that drop-outs or subjects with one or several
missing measurements, generally had a lower weekly
consumption of fruit and vegetables and higher consumption of unhealthy snacks. Further, girls and subjects
with higher educated parents were better represented at
the follow-ups. The rather large drop-out may have
affected the results, however, we used mixed models for
repeated measurements, which is an analysis that
handles data with missing observations. Although we
adjusted for sex and parental education, there might be
other confounders e.g. total energy consumed which we
did not have the opportunity to control for. The population in the FVMM is not a representative sample of the
Norwegian population regarding parental education. In
1999, 28,5% of the population in Norway aged 34–44
years had higher education, which is lower than
observed in the FVMM study [32].
The main challenge of estimating tracking coefficients
for eating behaviour lies in measurement challenges, as
eating behaviour can be highly variable both within and
between days for an individual. Therefore, we don’t
know how much of the low to moderate tracking coefficient may be explained by measurement error. In
addition, all methods for collecting self-reported dietary
data have well-known limitations [33].
Another limitation of this study is the Norwegian
School Fruit Scheme (NSFS). The NSFS is a paid
subscription program providing daily fruit to pupils at
school, while the FVMM intervention was operating.
Initially, schools could decide if they wanted to participate in the program. At participating schools’ parents
could decide if they wanted to subscribe. All 29 FVMM
control schools in the were given the opportunity to participate in the NSFS. Nine control schools participated,
and 20 control schools declined to participate in the
programme in the school year 2001/2002. In the nine
control schools participating, there were both subscribers and non-subscribers (41% of the pupils
subscribed).
Another limitation of the present study was the use of
a non-validated measure for unhealthy snacks. Additionally, unhealthy snacks are a combined measure, which
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included both information about soda, crisps and candy/
chocolate consumption. Therefore, we were not able to
identify the contribution of the different snacks items to
the tracking coefficient and how the foods would track
separately.

Conclusions
Our results indicate low to moderate tracking of fruit,
vegetables and unhealthy snacks covering a 15-year
period. These findings suggest that these dietary
habits persist from childhood to adulthood, but are
not yet stabilized in childhood, indicating that the
habits are modifiable. We found little evidence that
providing school fruit for one year in primary school
led to changes in tracking of fruit, vegetables or
unhealthy snacks. More research is needed on if or
how we can influence the tracking of fruit, vegetables
and unhealthy snacks consumption to improve public
health: I.e. is it possible to increase children’s consumption of fruits and vegetables and does this increased level track into adulthood? The current study
indicates that FFQ reflects habitual dietary consumption better than one single 24-h recall and is therefore more appropriate when assessing tracking.
Additional files
Additional file 1: CONSORT flow chart (word-file). (DOC 53 kb)
Additional file 2: First page of both questionnaires (24 h-recall and FFQ)
(PDF-file). (PDF 7 kb)
Additional file 3: Table: Difference between drop-outs and respondents
by group (word-file). (DOCX 19 kb)
Additional file 4: Table: Overall difference mean/percentage between
1 ≥ missing and no missing within the intervention and control group
(word-file). (DOCX 16 kb)
Abbreviations
FV: Fruit and vegetables; FVMM: Fruit and Vegetables Make the Marks;
GEE: Generalized estimation equation analysis; NSFS: Norwegian School Fruit
Scheme; SES: Socioeconomic status
Acknowledgements
Not applicable.
Funding
The initial FVMM project was financed by the Norwegian Research Council
and the latter data collection was funded by the University of Agder.
Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.
Authors’ contributions
EB and K-IK designed the FVMM project, and IMH, EB and THS designed the
present study. IMH conducted the analysis with supervision from JT and StV.
IMH wrote the manuscript with input from EB, TSH, StV, JT and K-IK. All
authors read and approved the final manuscript.
Ethics approval and consent to participate
Informed consent was obtained from both the parents and the children
prior to the study. The National Committees for Medical and Health Research

Hovdenak et al. International Journal of Behavioral Nutrition and Physical Activity

Ethics (REK) (file number S-01076) in Norway gave ethical approval and
research clearance for the initial study (baseline and first and second
follow-up). The subsequent surveys were approved by The Norwegian
Centre for Research Data (NSD) (file number 12395).
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
1
Department of Public Health, Sport and Nutrition, University of Agder,
Kristiansand, Norway. 2Department of Epidemiology and Biostatistics, the
Amsterdam Public Health research institute, VU University Medical Center,
Amsterdam, The Netherlands. 3Department of Nutrition, Faculty of Medicine,
University of Oslo, Oslo, Norway. 4Department of Health and Inequalities &
Centre for Evaluation of Public Health Measures, Norwegian Institute of
Public Health, Oslo, Norway.
Received: 16 July 2018 Accepted: 7 February 2019

References
1. Boeing H, Bechthold A, Bub A, Ellinger S, Haller D, Kroke A, Leschik-Bonnet
E, Müller M, et al. Critical review: vegetables and fruit in the prevention of
chronic diseases. Eur J Nutr. 2012;51(6):637–63.
2. Schwingshackl L, Hoffmann G, Kalle-Uhlmann T, Arregui M, Buijsse B, Boeing
H. Fruit and vegetable consumption and changes in anthropometric
variables in adult populations: a systematic review and meta-analysis of
prospective cohort studies. PLoS One. 2015;10. https://doi.org/10.1371/
journal.pone.0140846.
3. Wang X, Ouyang Y, Liu J, Zhu M, Zhao G, Bao W, Hu FB. Fruit and vegetable
consumption and mortality from all causes, cardiovascular disease, and
cancer: systematic review and dose-response meta-analysis of prospective
cohort studies. BMJ. 2014;349. https://doi.org/10.1136/bmj.g4490.
4. Lock K, Pomerleau J, Causer L, Altmann DR, McKee M. The global burden of
disease attributable to low consumption of fruit and vegetables:
implications for the global strategy on diet. Bull World Health Organ. 2005;
83:100–8.
5. Aune D, Giovannucci E, Boffetta P, Fadnes LT, Keum N, Norat T, Greenwood
DC, Riboli E, et al. Fruit and vegetable intake and the risk of cardiovascular
disease, total cancer and all-cause mortality-a systematic review and
dose-response meta-analysis of prospective studies. Int J Epidemiol.
2017;46(3):1029–56.
6. The Norwegian Directorate of Health, Utviklingen i norsk kosthold 2015
[Trends in the Norwegian diet 2015]. Oslo; The Norwegian Directorate of
Health, 2015.
7. Hansen LB, Myhre JB, Johansen AMW, Paulsen MM, Andersen LF. Ungkost 3:
Landsomfattende kostholdsundersøkelse blant elever i 4. -og 8. Klasse i
Norge, 2015 [Ungkost 3: Nationwide dietary survey among pupils in 4th
and 8th grade in Norway, 2015]. Oslo: Norwegian Institute of Public Health,
2015.
8. Lynch C, Kristjansdottir AG, te Velde SJ, Lien N, Roos E, Thorsdottir I,
Krawinkel M, Vaz de Almeida MD, et al. Fruit and vegetable consumption in
a sample of 11-year-old children in ten European countries – the PRO
GREENS cross-sectional survey. Public Health Nutr. 2014;17(11).
9. Tak NI, Te Velde SJ, Singh AS, Brug J. The effects of a fruit and vegetable
promotion intervention on unhealthy snacks during mid-morning school
breaks: results of the Dutch Schoolgruiten project. J Hum Nutr Diet.
2010;23(6):609–15.
10. Fogarty AW, Antoniak M, Venn AJ, Davies L, Goodwin A, Salfield N, Stocks J,
Britton J, Lewis SA. Does participation in a population-based dietary
intervention scheme have a lasting impact on fruit intake in young
children? Int J Epidemiol. 2007;36(5):1080–5.
11. Bere E, Veierød MB, Klepp K-I. The Norwegian school fruit Programme:
evaluating paid vs. no-cost subscriptions. Prev Med. 2005;41(2):463–70.

(2019) 16:22

Page 10 of 10

12. te Velde SJ, Brug J, Wind M, Hildonen C, Bjelland M, Perez-Rodrigo C, Klepp
KI. Effects of a comprehensive fruit- and vegetable-promoting school-based
intervention in three European countries: the Pro Children Study. Br J Nutr.
2008;99(4):893–903.
13. Craigie AM, Lake AA, Kelly SA, Adamson AJ, Mathers JC. Tracking of obesityrelated behaviours from childhood to adulthood: a systematic review.
Maturitas. 2011;70(3):266–84.
14. Kelder SH, Perry CL, Klepp KI, Lytle LL. Longitudinal tracking of adolescent
smoking, physical activity, and food choice behaviors. Am J Public Health.
1994;84(7):1121–6.
15. te Velde SJ, Twisk JWR, Brug J. Tracking of fruit and vegetable consumption
from adolescence into adulthood and its longitudinal association with
overweight. Br J Nutr. 2007;98(2):431–8.
16. Lien N, Lytle LA, Klepp KI. Stability in consumption of fruit, vegetables, and
sugary foods in a cohort from age 14 to age 21. Prev Med. 2001;33(3):217–26.
17. Patterson E, Warnberg J, Kearney J, Sjostrom M. The tracking of dietary
intakes of children and adolescents in Sweden over six years: the European
youth heart study. Int J Behav Nutr Phys Act. 2009;6:91.
18. Lake AA, Mathers JC, Rugg-Gunn AJ, Adamson AJ. Longitudinal change in
food habits between adolescence (11-12 years) and adulthood (32-33
years): the ASH30 study. J Public Health (Oxf). 2006;28(1):10–6.
19. Winpenny EM, Penney TL, Corder K, White M, van Sluijs EMF. Change in diet
in the period from adolescence to early adulthood: a systematic scoping
review of longitudinal studies. Int J Behav Nutr Physi Act. 2017;14.
20. Bere E, Veierod MB, Bjelland M, Klepp KI. Free school fruit--sustained effect 1
year later. Health Educ Res. 2006;21(2):268–75.
21. Bere E, Veierod MB, Skare O, Klepp KI. Free School fruit--sustained effect
three years later. Int J Behav Nutr Phys Act. 2007;4:5. https://doi.org/10.1186/
1479-5868-4-5.
22. Bere E, Klepp K. One year of free school fruit-7 years of follow-up. Ann Nutr
Metab. 2011;58:54.
23. Andersen LF, Bere E, Kolbjornsen N, Klepp KI. Validity and reproducibility of
self-reported intake of fruit and vegetable among 6th graders. Eur J Clin
Nutr. 2004;58(5):771.
24. Øverby NC, Klepp KI, Bere E. Introduction of a school fruit program is
associated with reduced frequency of consumption of unhealthy snacks.
Am J Clin Nutr. 2012;96:1100–3.
25. Twisk JWR. Applied longitudinal data analysis for epidemiology : a practical
guide. 2th ed. Cambridge: Cambridge University Press; 2013.
26. Evans C, Christian MS, Cleghorn C, Greenwood DC, Cade J. Systematic
review and meta-analysis of school-based interventions to improve daily
fruit and vegetable intake in children aged 5 to 12 y. Am J Clin Nutr.
2012;96:889–901.
27. Twisk JW, Kemper HC, van Mechelen W. Tracking of activity and fitness and
the relationship with cardiovascular disease risk factors. Med Sci Sports
Exerc. 2000;32(8):1455–61.
28. Twisk JWR. Applied multilevel analysis : a practical guide. Practical guides to
biostatistics and epidemiology. Cambridge: Cambridge University Press;
2006.
29. Twisk JWR. Commentary: the problem of evaluating the magnitude of
tracking coefficients. Eur J Epidemiol. 2003;18(11):1025–6.
30. Twisk JW, Kemper HC, van Mechelen W, Post GB. Tracking of risk factors for
coronary heart disease over a 14-year period: a comparison between
lifestyle and biologic risk factors with data from the Amsterdam growth and
health study. Am J Epidemiol. 1997;145(10):888–98.
31. Burrows TL, Martin RJ, Collins CE. A systematic review of the validity of
dietary assessment methods in children when compared with the method
of doubly labeled water. J Am Diet Assoc. 2010;110(10):1501–10.
32. Statistics Noway. High educational attainment in Norway. 2001; Available
from: https://www.ssb.no/en/utdanning/artikler-og-publikasjoner/higheducational-attainment-in-norway%2D%2D31574.
33. Subar AF, Freedman LS, Tooze JA, Kirkpatrick SI, Boushey C, Neuhouser ML,
Thompson FE, Potischman N, et al. Addressing current criticism regarding
the value of self-report dietary data. J Nutr. 2015;145(12):2639.

CONSORT 2010 Flow Diagram
Assessed for eligibility: 48 elementary schools
24 in the county of Hedmark; Norway
24 in the county of Telemark; Norway

Enrollment

10 schools declined to participate: 5
from each county

A total of 38 elementary schools: 19 from Hedmark and 19 from Telemark county
Randomization to intervention: 9 of 19 schools from Hedmark county

Allocation
29 schools allocated to control, 19 from
Telemark county and 10 from Hedmark
county (n=1365)

9 schools allocated to intervention from
Hedmark county (n=585)

Lost to follow-up 1 (n=53)
Lost to follow-up 2 (n=292)
Lost to follow-up 3 (n=85)
Lost to follow-up 4 (n=473)
Lost to follow-up 5 (n=288)
Due to:
1) unable to find contact information
2) declined to participate

Follow-Up

Lost to follow-up 1 (n=103)
Lost to follow-up 2 (n=740)
Lost to follow-up 3 (n=255)
Lost to follow-up 4 (n=1157)
Lost to follow-up 5 (n=680)
Due to:
1) unable to find contact information
2) declined to participate

Analysis
Analysed from:
Baseline (n=585)
Follow-up 1 (n=532)
Follow-up 2 (n=293)
Follow-up 3 (n=500)
Follow-up 4 (n=112)
Follow-up 5 (n=297)
All data were analyzed

Analysed from:
Baseline (n=1365)
Follow-up 1 (n=1262)
Follow-up 2 (n=625)
Follow-up 3 (n=1101)
Follow-up 4 (n=208)
Follow-up 5 (n=685)

All data were analyzed

3

Tenk tilbake til i går tidlig
1. Spiste du frokost i går tidlig?
Ja

Nei

2. Spiste du frukt eller bær før du begynte på skolen i går tidlig?
Ja

Nei

Frokost

Hvis ja, skriv ned hva slags og hvor mye frukt og bær du spiste her:

3. Spiste du grønnsaker før du begynte på skolen i går tidlig?
Ja

Nei

Hvis ja, skriv ned hva slags og hvor mye grønnsaker du spiste her:

4. Drakk du juice før du begynte på skolen i går tidlig?
Ja

Nei

Hvis ja, skriv ned hva slags og hvor mye juice du drakk her:

23547
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Del C

Hva spiser du vanligvis?
Når du fyller ut disse spørsmålene skal du tenke på hva du vanligvis spiser/drikker. Tenk gjerne på hva du
har spist/drukket de siste 3 månedene. Tenk på både hva du spiser hjemme, på skolen og i fritiden. Kryss av
i den ruten du føler passer best for deg.
HUSK: Kun ett kryss for hvert spørsmål!
1. Hvor ofte spiser du potet?
Aldri

4. Hvor ofte spiser du andre grønnsaker?
(f.eks. gulrot til skolematen)

Sjeldnere enn 1 gang i uken

Aldri

1 gang i uken

Sjeldnere enn 1 gang i uken

2 ganger i uken

1 gang i uken

3 ganger i uken

2 ganger i uken

4 ganger i uken

3 ganger i uken

5 ganger i uken

4 ganger i uken

6 ganger i uken

5 ganger i uken

Hver dag

6 ganger i uken

Flere ganger hver dag

Hver dag
Flere ganger hver dag

2. Hvor ofte spiser du grønnsaker til middag?
Aldri
Sjeldnere enn 1 gang i uken

5. Hvor ofte spiser du eple, appelsin, pære og
banan?

1 gang i uken
2 ganger i uken
3 ganger i uken
4 ganger i uken
5 ganger i uken
6 ganger i uken
Hver dag
Flere ganger hver dag

3. Hvor ofte spiser du grønnsaker på
brødskivene? (f.eks. agurk, tomat, paprika)

Aldri
Sjeldnere enn 1 gang i uken
1 gang i uken
2 ganger i uken
3 ganger i uken
4 ganger i uken
5 ganger i uken
6 ganger i uken
Hver dag
Flere ganger hver dag

Aldri
Sjeldnere enn 1 gang i uken
1 gang i uken
2 ganger i uken
3 ganger i uken
4 ganger i uken
5 ganger i uken
6 ganger i uken
Hver dag
Flere ganger hver dag
23547

Additional file 3 Difference between drop-outs and respondents by group

Intervention
Missing
Mean ± SD
Fruit: Times/week
Follow-up 1
6.9±5.3
Follow-up 2
7.5±4.2
Follow-up 3
8.5±5.7
Follow-up 4
7.5±4.3
Follow-up 5
6.0±4.0
Fruit: Portions/day
Follow-up 1
1.2±1.7
Follow-up 2
1.8±1.7
Follow-up 3
1.1±1.5
Follow-up 4
1.1±1.4
Follow-up 5
0.8±1.0
Vegetables: Times/week
Follow-up 1
5.0±3.8
Follow-up 2
6.8±3.8
Follow-up 3
5.8±3.7
Follow-up 4
6.8±3.9
Follow-up 5
6.5±3.7
Vegetables: Portions/day
Follow-up 1
0.8±1.1
Follow-up 2
0.6±1.1
Follow-up 3
0.6±0.9
Follow-up 4
0.9±1.3
Follow-up 5
1.2±1.1
Unhealthy snacks: Times/week
Follow-up 1
7.6±4.9
Follow-up 2
6.8±4.5
Follow-up 3
5.3±4.5
Follow-up 4
6.7±5.4
Follow-up 5
5.5±4.3
*t-test for continuous variables and chi-square for categorical variables.

Control

Respondent
Mean ± SD

p-value

Missing
Mean ± SD

Respondent
Mean ± SD

p-value

7.4±4.3
7.8±4.0
7.4±4.0
7.8±4.4
6.6±4.4

0.452
0.436
0.222
0.486
0.520

7.8±4.4
7.0±4.4
7.4±4.4
6.7±4.5
5.0±3.5

7.5±4.4
7.6±4.4
7.4±4.2
7.1±4.6
6.5±4.4

0.601
0.024
0.883
0.592
0.015

1.3±1.5
1.7±1.4
1.4±1.4
1.5±1.5
1.3±1.6

0.372
0.919
0.312
0.033
0.129

1.5±1.7
1.1±1.5
1.4±1.5
1.2±1.6
0.7±1.2

1.6±1.9
1.3±1.5
1.2±1.4
1.4±1.8
1.2±1.4

0.687
0.080
0.377
0.095
0.025

6.6±3.9
7.4±3.6
6.7±3.4
7.6±3.8
6.6±3.8

0.003
0.066
0.158
0.061
0.878

6.3±4.0
5.9±3.9
6.2±3.5
6.1±3.7
5.8±3.7

6.6±3.9
6.7±6.3
6.4±3.6
6.8±4.0
6.8±3.9

0.438
0.001
0.639
0.024
0.050

0.9±1.1
0.6±0.9
0.6±0.9
1.1±1.4
1.0±1.1

0.698
0.643
0.770
0.132
0.642

0.6±0.9
0.6±0.9
0.5±0.9
0.9±1.4
0.8±1.0

0.9±1.3
0.7±1.0
0.6±0.9
1.0±1.5
1.1±1.0

0.030
0.083
0.377
0.080
0.042

6.5±4.0
5.9±4.2
6.0±3.8
5.5±4.5
4.5±3.0

0.066
0.021
0.336
0.042
0.146

8.6±5.3
7.9±5.2
7.2±4.8
7.4±5.2
6.5±5.1

7.1±4.6
6.8±4.8
7.1±5.0
6.1±4.6
4.9±3.5

0.004
<0.001
0.791
0.003
0.006

Additional file 4 Overall difference mean/percentage between 1< missing and no missing within the intervention and control group
No missing
Mean ± SD
Fruit: Times/week
7.3±4.7
Fruit: Portions/day
1.5±1.5
Vegetables: Times/week
7.4±3.8
Vegetables: Portions/day
1.0±1.3
Unhealthy snacks: Times/week
5.1±3.7
%
Gender (% female)
59
Parental education (%high)
59
*t-test for continuous variables, chi-square for categorical variables.

Intervention
Missing
Mean ± SD
7.3±4.3
1.4±1.5
6.9±3.7
0.9±1.2
6.0±4.4
%
48
47

p-value
0.894
0.131
0.083
0.041
0.002
0.002
0.002

No missing
Mean ± SD
6.9±3.9
1.1±1.3
7.1±3.7
1.1±1.2
5.8±4.1
%
63
54

Control
Missing
Mean ± SD
7.1±4.3
1.3±1.7
6.6±3.8
0.9±1.2
6.9±4.9
%
50
38

p-value
0.304
0.038
0.004
0.004
<0.001
<0.001
<0.001
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How to evaluate the effect of seven years of the Norwegian School
Fruit Scheme (2007–2014) on fruit, vegetable and snack consumption
and weight status: A natural experiment

Ingrid Marie Hovdenak1 , Tonje Holte Stea1 , Per Magnus2,
Steinar Krokstad3,4, Oddrun Samdal5 & Elling Bere1,6
1Faculty of Health and Sports, University of Agder, Norway, 2Centre for Fertility and Health, Norwegian Institute of
Public Health, Norway, 3HUNT Research Centre, Department of Public Health and Nursing, Faculty of Medicine and
Health Sciences, Norwegian University of Science and Technology (NTNU), Norway, 4Psychiatric Department, Levanger
Hospital, Nord-Trøndelag Hospital Trust, Norway, 5Department of Health Promotion and Development, University of
Bergen, Norway, and 6Department of Health and Inequalities, and Centre for Evaluation of Public Health Measures,
Norwegian Institute of Public Health, Norway

Abstract
Aim: From August 2007 to June 2014, the Norwegian School Fruit Scheme (NSFS) legally established that all pupils in
junior high and combined schools (275,000 pupils every year), but not those in primary schools (343,000 pupils every year),
were entitled to a free piece of fruit or vegetable every school day. The NSFS is a natural experiment, unique in terms of
scope and lengthiness. Such governmental efforts to improve the diet of the public are rarely evaluated. Thus, an evaluation
of the comprehensive, well-designed NSFS is warranted. The aim was to describe how the NSFS can be evaluated using
existing data sets. Methods: Four data sets have been identified for the evaluation of the NSFS: (a) the Nord-Trøndelag
Health Study, (b) the Norwegian Mother and Child Cohort Study, (c) the Norwegian Child Growth Study/Growth in
Teenagers and (d) Health Behaviour in School Aged Children. These comprehensive studies have collected cross-sectional
or longitudinal data providing information about children’s dietary consumption and/or weight status, which can be utilised
in the evaluation of the NSFS. Both short- and long-term effects of the NSFS related to dietary habits and weight status and
the potential effect of moderators such as socio-economic status, sex, ethnicity and the age of children and adolescents can
be studied. Conclusions: Worldwide, there is a lack of well-designed, long-term studies evaluating the impact of
governmental efforts to improve public diet. The present study describes how the NSFS can be evaluated using
data from four large data sets on eating habits and weight status.
Keywords: School fruit, vegetables, obesity, child, adolescents, natural experiment, HUNT, MoBa, HBSC

Introduction
From August 2007, the free Norwegian School Fruit
Scheme (NSFS) was implemented in all junior high
schools (grades 8–10) and combined schools (grades
1–10), but not in pure primary schools (grades 1–7),
in Norway. Thus, children attending junior high
schools and combined schools received a free piece
of fruit or vegetable (ready to eat) every school day,
usually during lunchtime. By implementing the

NSFS, the Norwegian government aimed to increase
the fruit and vegetable (FV) intake among children
and adolescents. At the time of implementation,
approximately 275,000 Norwegian children attended
a combined or a junior high school, and thereby
received a daily portion of FV at school. About
343,000 children attended pure primary schools and
thus were not eligible for the NSFS. Because the government wanted to prioritise other school initiatives,
the scheme was abolished in June 2014. While

Correspondence: Ingrid Marie Hovdenak, Faculty of Health and Sports, University of Agder, Universitetsveien 25, Postboks 422, Kristiansand, 4604,
Norway. E-mail: ingrid.m.hovdenak@uia.no
Date received 11 June 2018; reviewed 7 July 2019; accepted 9 August 2019
© Author(s) 2019
Article reuse guidelines: sagepub.com/journals-permissions
https://doi.org/10.1177/1403494819875923
DOI: 10.1177/1403494819875923
journals.sagepub.com/home/sjp

2

I.M.Hovdenak et al.

operating, the NSFS was estimated to have had a
yearly cost of around €19 million [1].
The NSFS was unique in terms of scope and
lengthiness. The NSFS was a ‘natural experiment’, as
the allocation to intervention and control groups was
a result of Norwegian health policies [2]. Children
born between 1992 and 2007 were exposed to the
NSFS. Thus, some children attending combined
schools received seven years of free school fruit. In
order to ensure a long-term increase in FV consumption, it has been suggested that intervention studies
providing free FV should last for more than a year
[3]. To our knowledge, most of the previously evaluated school fruit schemes have lasted less than one
year [4].
An adequate intake of FV reduces morbidity and
mortality from non-communicable diseases [5]. On
the other hand, an insufficient intake of FV is the
fourth leading risk factor leading to the global burden of diseases [6] and is associated with increased
risk of adiposity [7]. Eating habits established in early
childhood may track into adulthood, which points to
the importance of increasing consumption of FV
among children and adolescents [8].
Despite an increased consumption of FV in
Norway during the last decade, the consumption is
still not in line with recommendations [9,10].
Epidemiologic data show that FV consumption follows a socio-economic gradient; people with a higher
socio-economic status (SES) and their children eat
more FV compared to people with a lower SES and
their children [11,12].
Due to the potential to reach all children and their
parents, schools have been described as an optimal
arena for promoting of health-related behaviours
[13]. So far, school-based intervention studies
including school fruit schemes have shown promising
effects in increasing the short-term intake of FV/fruit
[4,13]. Results describing long-term effects are, however, limited and divergent [14,15].
Preliminary studies have shown that while it was
operating, the NSFS resulted in increased fruit
intake, regardless of sex and SES [16], and decreased
consumption of unhealthy snacks [17]. A pilot study
of the NSFS indicated a sustained positive intervention effect: a higher intake of FV and a lower intake
of snacks among children who received free fruit
compared to the control group three and seven years
after the intervention period [14,18]. The latter study
also found that 15% versus 25% of the children who
had participated in the free fruit group and the control group, respectively, were overweight seven years
after the intervention period. However, this was not
significant in the final statistical model [19].
Hypothetically, free fruit schemes might prevent

excessive weight gain, and the current weight epidemic is often used as the main argument for increasing the FV intake in school children, as indicated by
the implementation of the EU fruit scheme [7]. This
hypothesis must be evaluated in data sets of higher
quality.
Previously published intervention studies aiming
to increase FV intake among school children are
hampered by methodological limitations such as a
short intervention period and relativity few participants (<1000), and few studies have included
anthropometric measurements to evaluate the possible effect of FV schemes on weight status [4,13]. It is
evident that the literature lacks well-designed studies
assessing the potential effects of FV interventions.
Therefore, an evaluation of the comprehensive, welldesigned NSFS is warranted.
We have identified four data sets in which an evaluation of the NSFS can be conducted: (a) the NordTrøndelag Health Study (HUNT), (b) the Norwegian
Mother and Child Cohort Study (MoBa), (c) the
Norwegian Child Growth Study (NCG)/the Growth
in Teenagers study and (d) the Health Behaviour in
School-aged Children (HBSC) survey. These comprehensive studies have collected cross-sectional or
longitudinal data providing information about children’s dietary consumption and/or weight status,
which can be utilised in the evaluation of the NSFS.
Aim
This article aims to outline how the NSFS, a nationwide natural experiment, can be evaluated by utilising existing data. We do not aim to describe details,
but rather provide examples on how large national
cohorts and cross-sectional data sets may and should
be used to evaluate a comprehensive governmental
initiative to increase healthy eating habits in Norway.
Thus, the aim of this paper is to describe how HUNT,
MoBa, NCG/Growth in Teenagers and HBSC data
can be used to evaluate the NSFS possible effects in
children’s and adolescents’ dietary intake (fruit, vegetables, snacks) and weight status in relation to SES,
sex, ethnicity and age.
Methods
The HUNT/Young-HUNT study
Study design, study sample and data collection. The
Young-HUNT study is the adolescent part of
HUNT, which is a large population-based health
study in the county of Nord-Trøndelag, Norway
[20]. The Young-HUNT study includes three large
cross-sectional surveys conducted in 1995–1997
(Young-HUNT1), 2000–2001 (Young-HUNT2)
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and 2006–2008 (Young-HUNT3). In both YoungHUNT1 and Young-HUNT3, adolescents aged
13–19 years were invited to participate.
Schools have been used as the main arena for the
collection of data in all Young-HUNT surveys. All
adolescents and parents of adolescents younger than
16 years of age gave written consent to participate in
the study.

the MoBa study at seven and eight years of age had
received between one and three years of free school
fruit at the time of data collection (Figure 2). Currently, it is possible to identify who attended a
combined or a primary school for a subsample of
6000 MoBa participants born between 2007 and
2009 [23]. Thus, it is possible to evaluate one year
of the NSFS.

Measurements. HUNT collected data including adolescents’ anthropometrics, dietary habits, age and sex
(see Table I for all relevant variables). The participants’ Norwegian identification numbers were registered. Thus, by linking to national registers, indicators
of parental SES are available.

Future data collection. A new questionnaire will be
issued to MoBa children at 13 years of age. Within
the MoBa study, the children who attended combined schools (grades 1–10) received one to seven
years of the NSFS (Figure 2). These children will be
compared to those born in the same period who
attended primary schools (grades 1–7). By linking
MoBa data to the national education register, it is
possible to identify who attended primary schools
(control group) and who attended combined schools
(intervention group). Thus, possible long-term
effects of the seven years of NSFS can be conducted
in the near future.

Young-HUNT and free school fruit. The 8th–10th
graders who completed the questionnaire from
August 2007 to July 2008 (n=1892) can be considered as the intervention group (Figure 1). Adolescents who answered the questionnaire before autumn
2007 (spring 2006 to spring 2007; n=2855) can be
considered as the control group.
Future data collection. HUNT4 (2017–2019) will provide the opportunity for two long-term evaluations of
the NSFS: (a) an 11-year follow-up of the long-term
effect of the NSFS on 8th–10th graders in 2019
regarding dietary intake and weight status as adults,
and (b) an evaluation of the possible long-term effect
of three to seven years of free school fruit three to five
years after the programme period (Figure 1).
The MoBa study
Study design, study sample and data collection. MoBa is
a prospective population-based pregnancy cohort
study conducted by the Norwegian Institute of Public Health (NIPH) [21]. The recruitment period
started in 1999 and finished in 2008. The participants (mothers) answered questionnaires 6, 12 and
36 months and five, seven and eight years post
pregnancy.
Measurements. Data on each child’s weight and
height were collected at birth and 6, 15–18 and 36
months, and five, seven and eight years after birth.
Dietary intake was registered by using a validated
food frequency questionnaire [22] at the age of 36
months and seven years. The MoBa study includes
several indicators for parental SES and ethnicity (see
Table I for all relevant variables).
The MoBa and free school fruit. Children born
between 1999 and 2007 received different levels of
exposure to the NSFS. Children participating in

The NCG and the Growth in Teenagers study
Study design, study sample and data collection. In 2008,
the Childhood Surveillance Initiative (COSI) was
established to monitor the development of obesity
among children and adolescents in Europe [24].
Thus, the NCG was established by the NIPH to
monitor the weight of children in Norway [25].
According to guidelines, all Norwegian third
graders are to be measured by school nurses.
Therefore, third graders were chosen as the study
population in the NCG. The NCG followed the protocol from the COSI for data collection [24] and
used a stratified two-stage sampling design to ensure
national representativeness for third graders in
Norway. In 2008 (cohort 2000), 2010 (cohort 2002),
2012 (cohort 2004) and 2015 (cohort 2007), third
graders in the same 125 schools have been measured
– approximately 3400 children in each cohort. For
the cohorts 2002, 2004 and 2007, routine measurements of weight and height have been collected (at
birth, six weeks, 3, 6, 9, 12, 15, 18 and 24 months,
and three, four and six years), making these cohorts
longitudinal.
The Growth in Teenagers study implemented by
NIPH aims to understand the development of height
and weight among adolescents in Norway. In October
2017, height and weight were measured among a
representative sample of 13-year-olds in Norway.
Further, routine measurements of weight and height
were collected (at birth, six weeks, 3, 6, 12 and 15
months, and two, four and six and eight years) from
health records, making this cohort longitudinal.

Young-HUNT4: 3–7 years, 3–5
years after the programme ended
HUNT4: long-term evaluation
of up to 10 months (linkage
Young-HUNT3)
FFQ
Self-reported

Exposure to the
NSFS

Dietary method
Reported by:

Anthropometrical
measurements
Reported by:

Young-HUNT3: 4747a
HUNT4: data collection ongoing
Young-HUNT3-exposure up to
10 months

Sample

Objectively measured by nurse

Soda
Diet soda
Objectively measured

Fruit
Vegetables
Candy
Potato chips
How often do you drink2:

How often do you consume1:

Cross-sectional and longitudinal

Type of data

HUNT

What is your child’s weight
and height?

FFQ
Reported by mother/selfreported age 13
How often do you/does your
child normally eat3:
Fruit
Vegetables
Potato chips
Chocolate and sweets
How often does your child
normally drink4:
Soda
Diet soda
Reported by mother

Questionnaire 13 years: 1–7
years

Questionnaire 7 or 8: 1–3
years

103,219 childrenb

Longitudinal

MoBa

How much do you weigh without
clothes?
How tall are you without shoes?

Soda
Diet soda
Self-reported

How often do you normally drink6:

How many times a week do normally
eat5:
Fruit
Vegetables
Candy

FFQ
Self-reported

Sample 2009/2010: 1–2 years
Sample 2013/2014: 2–6 years
Sample 2017/2018: 2–7 years

7000 children each survey

Cross-sectional

HBSC

(Continued)

Objectively measured at: birth, 6 weeks,
3, 6, 9, 12, 15, 18 and 24 months, and 3,
4 and 6 years all cohorts+13 years 2004
(Growth in Teenagers)

Objectively measured

Not available

Longitudinal and cross-sectional
Longitudinal cohorts: 2002, 2004 (two
samples) and 2007
Cross-sectional sample: born 2000
NCG: 3400 each survey
Growth in Teenagers: 3750
Cohort 2000 and 2007: 1–1.5 years
Cohort 2002 and 2004: 2–2.5 years
Cohort 2004 Growth in Teenagers: 5 years

NCG/Growth in Teenagers

Table I. Relevant information and outcome and exposure variables available in the HUNT, MoBa, HBSC and NCG/Growth in Teenagers data sets.
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N/A
N/A
Yes

Country of birth
Parents’ ethnicity
Possible linkage by ID

Yes
Month/year
N/A
N/A
Yes
N/A
Family affluence scale (FAS)/parental
employment
Yes
Yes
N/A

School type – reported by principal
(‘elementary school’, ‘secondary school’,
‘combined elementary and secondary
school’ and ‘upper secondary school’)
N/A

HBSC

N/A
N/A
Yes

Yes
N/A
N/A
N/A
Yes
Urban, somewhat urban, rural
NCG: mother’s education

N/A

Yes – Growth in Teenagers

NCG/Growth in Teenagers

of participants attending junior high school.
who were sent questionnaires and can be invited to sub-studies per 2015.
1Reply options: several times a day, once a day, every week but not every day, less than once a week or never.
2Reply options: seldom/never, 1–6 glasses a week, 1 glass a day, 2–3 glasses a day or ⩾4 glasses a day.
3,4Reply options: never, 1–3 times a month, 1–2 times a week, 3–4 times a week, 5–6 times a week or once a day or more often.
4,5,6Reply options: never, less than once a week, once a week, 2–4 times a week, 5–6 times a week, once a day or several times a day.
HUNT: the Nord-Trøndelag Health Study; MoBa: the Norwegian Mother and Child Cohort Study; HBSC: Health Behaviour Among School Aged Children survey; NCG: Norwegian Child
Growth Study; N/A: not available; FFQ: food frequency questionnaire; SES: socio-economic status.

bParticipants

aNumber

Yes
Yes
N/A
Yes
Yes
Parental education

Yes
Yes
Yes
Yes
Yes
Yes
Educational intentions
Norway
Yes
Yes

Yes

Yes

Date the
questionnaire was
answered
Grade
Date of birth
Age
Planned education
Sex
Municipality
SES indicator

MoBa
School type – linkage to
school registry

HUNT

School – registered in survey

Other variables
School type

Table 1. (Continued)
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Figure 1. The Nord-Trøndelag Health Study (HUNT) data. The black square displays the Norwegian School Fruit Scheme (NSFS).
Green dots display the Young-HUNT3 study. The red dots depict when the HUNT4 data will be collected. The blue dots indicate when the
Young-HUNT4 study will be collected, and the blue dots on the x-axis display the measurement of birth weight.

Figure 2. The Norwegian Mother and Child Cohort Study (MoBa) data. The black square displays the NSFS. The blue lines represent
MoBa children born from 1999 to 2008, and dots represent available measurements. The purple dots depict the planned survey at 13 years
of age.
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Figure 3. The Norwegian Child Growth Study (NCG)/Growth in Teenagers data. Purple represents the four NCG cross-sectional studies
of eight-year-olds in 2008, 2010, 2012 and 2015 in terms of height, weight and waist circumference. Blue shows the longitudinal height and
weight of the cohorts in 2002, red in 2004 and green in 2007 from birth to eight years of age. Grey shows the Growth in Teenagers study
data collection of height and weight among 13-year-olds and routine measurements. The black square depicts the NSFS.

In the NCG, information about the study and a
declaration of consent were sent to all parents of
third graders by ‘satchel mail’. In the Growth in
Teenagers study, information and a declaration of
consent was sent to both adolescents and their parents during the autumn of 2017.
Measurements. In the NCG surveys, measures of
height, weight and waist circumference were collected
by school health nurses. Additionally, the data included
routine measurements conducted by health personnel
from birth and at the age of six weeks, 3, 6, 9, 12, 15,
18 and 24 months, and three, four and six years. These
measures are available for the 2002, 2004 and 2007
cohorts (see Table I for additional information).
The Growth in Teenagers study collected the
height and weight of eighth graders in 2017. The
adolescents drawn to participate in this study were
born in 2004 but are not the same sample who participated in the NCG in 2012 as third graders, as a
new sample was drawn for this study. The same routine measurements of weight and height will be collected in this study as the NCG.
Personal identification numbers have been registered in all surveys. Thus, by linkage to national

registers, information of SES and country of origin is
available.
In the Growth in Teenagers study, parents were
asked to specify their child’s former primary school
in the consent form. This makes it possible to identify
those attending the NSFS schools (grades 1–10) and
the control schools (grades 1–7), respectively.
The NCG/Growth in Teenagers and free school
fruit. Within the NCG cohorts, the children at combined schools received various exposure to the NSFS.
For the third grade surveys, the respective cohorts
(intervention schools) received one (2007 cohort),
1–1.5 (2000 cohort) or 2–2.5 years of free school
fruit (2002 and 2004 cohorts). The eighth graders in
the Growth in Teenagers (born in 2004) received five
years of free fruit (Figure 3).
The HBSC
Study design, study sample and data collection. The HBSC
is an international collaboration network (www.hbsc.
org). In Norway, HBSC cross-sectional data have been
collected every fourth year [26]. The Department for
Health Promotion and Development at the University
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Figure 4. The Health Behaviour in School-aged Children (HBSC) data. The blue, red, green and purple dots represent cross-sectional data
collected/future data collection among 11-, 13-, 15- and 16-year-old children and adolescents in the Norwegian part of the HBSC. The
black square depicts the NSFS.

of Bergen has been responsible for conducting nine surveys among 11-, 13- and 15-year-olds and six surveys
among 16-year-olds. To ensure nationally representative samples, a stratified standard cluster sampling procedure was used, with school classes being the primary
sampling unit [27]. At schools, only one class per age
group was selected to participate.

Future data collection. The future HBSC survey in
2017–2018 will enable the long-term evaluation of
the NSFS three to four years after the programme
ended among children who received two to seven
years of free school fruit (Figure 4).

Measurements. Two questionnaires were used: one
school-level (principals reported school type) and one
student-level questionnaire. Both questionnaires were
based on the international protocol and were translated into Norwegian. Participation was based on passive parental consent and was anonymous.The children
and adolescents were to self-report their weight, height
and diet [26]. The questionnaire contained questions
regarding the child’s sex, ethnicity, grade, and month
and year of birth [26]. The children were asked to
report their parents’ profession. In addition, the HBSC
used the family affluence scale (FAS; Table I).

Each data set will be analysed separately. To evaluate
the potential effect of the NSFS, mixed models will
be used. Mixed models can be used to account for
multiple levels within the data (school, county,
region, etc.) and within-subject correlation. In all
analysis, we will assess potential differential effect of
the NSFS according to SES, sex and age. Some children may have changed school, for example from
exposed to unexposed schools, during the seven years
that the NSFS was operating. By connecting the
individuals in the data sets (except the HBSC) to the
national school register in Norway, we will be able to
identify how many years/months an individual was
exposed to the NSFS before changing to an unexposed school. To account for different exposure to
the NSFS, we will make a continuous exposure variable identifying the number of years/months an individual was exposed to the NSFS.

The HBSC and free school fruit. Children and adolescents who attended combined or junior high schools
and answered the survey in 2009–2010 and 2013–
2014 received one to two and two to six years of free
school fruit, respectively (Figure 4).

Statistics

How to evaluate free school fruit in Norway
Discussion
It is crucial to develop and implement effective policies
and programmes for preventing non-communicable
diseases. Public-health interventions are, however,
rarely evaluated, leaving policymakers and practitioners with little information of the effectiveness of the
interventions [28]. Major strengths associated with
research evaluating the NSFS are: the initiative was
implemented nationwide; it is possible to identify
pupils who were exposed (combined schools and junior high schools) and unexposed (primary schools) to
the scheme; and the high quality of available data sets
that can be used to evaluate the effect of the NSFS.
The four data sets complement each other, as they
have collected data in various age groups and with
different instruments. All the data sets contain data
on height and weight but with different accuracy, that
is, objectively measured or self-reported. YoungHUNT, MoBa and HBSC include measurements of
dietary intake, but the NCG and Growth in Teenagers
do not.
The possibility of evaluating NSFS in relation to
dietary habits and weight status and the potential
effect of moderators such as SES, sex, ethnicity and
age of children and adolescents will provide additional knowledge of the short-term, as well as new
knowledge of the long-term effects of free FV schemes.
It is essential to evaluate the long-term effect in order
to assess the costs against the benefits. A cost–benefit
analysis of the NSFS implied that it may be beneficial
to prevent rather than treat disease [1].
Previous evaluations of the NSFS are hampered
by limitations, such as a lack of baseline data and
relatively small samples. Further, the possible effect
of the NSFS on weight status has not yet been evaluated, the exception being the pilot version of NSFS
that indicated a possible association [19]. Currently,
it is possible to evaluate 1–12 months of the NSFS by
using Young-HUNT3, two to five years by using the
NCG and one to three years by using MoBa data on
weight status. In a few years, new data will be collected in both the MoBa and HUNT, which will enable an evaluation of the full seven years of the NSFS
with one to five years of follow-up on weight status,
as will the new HBSC repeated cross-sectional survey, thus enabling a comparison of children and adolescents FV intake before, during and after the NSFS,
and between intervention and control schools at various times.
Strengths and limitations
Given that the NSFS is a natural experiment, care
must be taken with regard to interpreting, reporting
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and drawing causality of the results [2]. There are
several limitations to the mentioned data sets, as they
were not designed to study the effects of the NSFS.
A confounding bias of the evaluation of the NSFS
could be the Norwegian subscription scheme or
other fruit schemes in schools not eligible for the
NSFS. A municipality or school could initiate their
own FV scheme by planning the logistics and covering the expenses. Children who attended primary
school could be part of the Norwegian subscription
scheme, as all schools in Norway were offered the
chance to participate, but participation was low, with
about 15% subscribing while the NSFS was operating. Primary schools participating in the Norwegian
subscription scheme in the NSFS period (2007–
2014) have been logged and can be considered in the
analyses. However, other arrangements in municipalities or schools might have occurred that are not
logged, and thus effects might be underestimated.
MoBa data have potentially been biased due to
selective recruitment and self-reported measures
[21,29]. Currently, a subsample of 6000 children
within the MoBa cohort can be separated into an
intervention group and control group due to a variable identifying whether the participants attended a
combined school or a primary school. In the near
future, it will be possible to use the entire MoBa
sample in the evaluation of the NSFS by linking
MoBa data to the education register. HUNT data
may not be representative of Norway regarding
social inequalities [30]. In Young-HUNT3, data collection was completed in one municipality before
moving on to the next. Therefore, urbanity may not
be equally represented in the intervention group and
control group.
The county of Nord-Trøndelag, where the HUNT
data have been collected has been considered as representative for Norway regarding several sociodemographic variables [20]. The MoBa had a long
recruitment period and included participants from
different geographical areas [21]. Samples in the
NCG and the HBSC were drawn to be nationally
representative for the age(s) included [25].
Anthropometrical data collected in the NCG/Growth
in Teenagers and HUNT were obtained by trained
nurses. All studies have a high number of participants. A strength of the HBSC is that data have been
collected in several age groups before, during and
after the NSFS, which gives the opportunity for evaluating different exposures to the programme.
Moreover, during the seven-year period that the
NSFS was operating, a number of societal changes
have most likely affected FV consumption, such as
governmental health campaigns and food prices of
FV for which we cannot control.
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Conclusions
In Norway, the NSFS was implemented nationwide
from 2007 to 2014. This was carried out as a natural
experiment. Thus, it is possible to identify who was
exposed to the NSFS and who was not. By using the
four large data sets described (HUNT, MoBa, NCG/
Growth in Teenagers and HBSC), the NSFS effect
on dietary intake and weight status can be evaluated.
Additionally, it will also be possible to assess potential differential effects of moderators including SES,
sex and ethnicity.
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Abstract
Introduction: The importance of healthy eating in adolescence is well established. The present study examined
possible effects of the free Norwegian School Fruit Scheme (NSFS), changes in dietary habits between 1995 and
2008, and whether secular changes in dietary habits differed among schools who implemented the NSFS during
September 2007.
Method: We used data from the Young-HUNT1 survey conducted from 1995 to 1997 and the Young-HUNT3 survey
conducted from 2006 to 2008, which are part of the Nord-Trøndelag Health Study (HUNT), a longitudinal population
health study. To evaluate the NSFS, the date Young-HUNT3 participants answered the questionnaire was used to
identify affiliation to the intervention group (post-September 2007, n = 1892) or control group (pre-September 2007,
n = 2855). To explore dietary habits over time, adolescents attending the same schools in Young-HUNT1 (n = 4137) and
Young-HUNT3 (n = 4113) were included. Further, we investigated secular changes in dietary habits according to school
type (intervention schools vs control schools). In all analysis, we explored possible differential effects according to
socioeconomic status (SES) and gender. A questionnaire measured adolescents’ consumption of fruit, vegetables,
candy, potato chips, sugar-sweetened beverages (SSB) and artificially sweetened beverages (ASB). Educational intention
was used as a proxy for SES. Multilevel logistic regression was used.
Results: Within Young-HUNT3, the intervention group showed increased odds of daily consumption of fruit (aOR 1.7, 95%
CI = 1.3–2.4) compared to the control group. Over time, adolescents were more likely to consume fruit (aOR = 1.48, 95%
CI = 1.28–1.71), vegetables (OR = 1.41, 95% CI = 1.28–1.53), potato chips (aOR = 1.60, 95% CI = 1.26–2.04) and SSB (OR = 2.02,
95% CI = 1.66–2.45). Secular changes for fruit differed by school type: adolescents in intervention schools had higher odds
of daily consumption (aOR = 1.82, 95% CI = 1.38–2.38) than those in control schools (aOR 1.26, 95% CI = 1.07–1.47).
Conclusion: The results indicated that the NSFS increased adolescents’ fruit consumption. In the period assessed, the study
identified positive and negative changes in adolescents’ dietary habits.
Keywords: Fruits, Vegetables, School fruit schemes, Adolescents, The young-HUNT study
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Introduction
To improve overall health, a diet high in fruit and vegetables and low in sugar, fat and sodium is recommended
by the World Health Organization and The Norwegian
Directorate of Health [1–3]. High consumption of sugarsweetened beverages (SSB) has been associated with
weight gain [4], and low consumption of fruit and vegetables has been associated with increased risk of cardiovascular disease, type two diabetes and cancers [5]. As
studies have indicated that food habits established in
childhood may track into adulthood [6], a healthy diet
rich in fruit and vegetables and low in SSB will most
likely reduce future incidences of chronic disease.
In 2010, most adolescents in European countries had
lower consumption of fruit and vegetables than recommended by international authorities. Daily fruit consumption ranged from 15 to 49% of adolescents, and
vegetable consumption from 20 to 55% [1, 7]. A relatively high percentage of adolescents reported daily consumption of SSB [8, 9].
Although social inequalities in dietary habits are less
evident among adolescents compared to adults [10], adolescents living in families with low socioeconomic status (SES) have reported less favourable diets, including
low consumption of fruit and vegetables [11–14] and
high consumption of foods with added sugar [15, 16],
compared to those in families with high SES. Studies
have also shown that females tend to consume fruit and
vegetables more frequently [11, 17] and consume soft
drinks less frequently than males [18, 19].
In 2007, the Norwegian government launched the
Norwegian School Fruit Scheme (NSFS) to promote
and increase the consumption of fruit and vegetables
among children and adolescents. The NSFS provided
students in all secondary schools (grades 8–10) and
all combined schools (grades 1–10) with a free (not
parent-funded) piece of fruit or vegetable every school
day, usually during lunchtime. Lasting a total of seven
years, this is possibly the most comprehensive and
costly initiative targeting a specific dietary behaviour
among children and adolescents in Norway.
Among children, school-based intervention studies aiming to increase fruit and/or vegetable consumption have
shown promising effects during their operation [20, 21].
In Norway, two separate evaluation studies of the NSFS
have shown that the program increased fruit consumption
among children, regardless of gender and SES [22, 23].
Additionally, a pilot version of the NSFS seemed to reduce
the consumption of snacks among children while operating [24, 25]. However, the effect of the NSFS on Norwegian adolescents’ dietary habits is yet to be evaluated. In
addition, the number of studies reporting the effect of
interventions providing free fruit and vegetables to adolescents is limited.
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The primary objective of this study was to evaluate the
effects of the NSFS on consumption of fruit, vegetables,
potato chips, candy, SSB and artificially sweetened beverages (ASB) among adolescents, and whether the effect
varied according to SES (educational intentions), gender
or grade. The secondary objective was to examine
changes in dietary consumption of fruit, vegetables, potato chips, candy and SSB among adolescents between
1995 and 2008, and how any gender and SES differences
developed in this period. The third objective was to
examine changes in dietary habits in NSFS schools and
control schools between 1995 and 2008, to determine
whether dietary trends developed differently according
to school type.

Methods
Study design and study sample

We used cross-sectional data from the Young-HUNT
study collected between 1995 and 1997 (Young-HUNT1)
and between 2006 and 008 (Young-HUNT3). The
Young-HUNT study is the adolescent (13–19 years) arm
of the Nord-Trøndelag Health (HUNT) study, a longitudinal health study in Norway [26]. It was designed to
cover several topics related to major public health issues,
including respiratory and allergic disease, subjective
health problems, eating habits, and overweight and obesity. Schools have been the main study site in the YoungHUNT surveys, with all 66 schools in the county of
Nord-Trøndelag participating. All adolescents, and parents of adolescents under the age of 16, gave written
consent to participate. For practical reasons, data were
collected in one school at a time and within one municipality, before moving on to the next. In the present
study we only included grades 8–10 in junior high
schools, where the response rate was 92% (n = 4596) in
1995–1997 and 82% (n = 4615) in 2006–2008 [26].
To evaluate the NSFS, the study used a natural experimental design characterised by exposure to the intervention having not been manipulated by the researcher [27].
We exploited data collection for the Young-HUNT3 survey being conducted in the same period as NSFS implementation. The NSFS was implemented in all secondary
schools (grades 8–10) and combined schools (grades 1–
10) during autumn 2007. On each school day, students
who were part of the NSFS were offered one kind of
fruit or vegetable. Apples, pears, bananas, oranges,
clementines, kiwis, carrots and nectarines were most
frequently offered.
We defined 1 September 2007 as the start date of the
NSFS initiative. The date when participants answered
the study questionnaire was used to identify affiliation to
either the intervention group or the control group. Adolescents in grades 8–10 who answered the YoungHUNT3 questionnaire after the implementation of the
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program were classified as the intervention group
(September 2007 to July 2008, n = 1892) and those who
answered the questionnaire before the implementation
(Spring 2006 to 31 August 2007, n = 2855) as the control
group.
We aggregated data from the two Young-HUNT surveys
to explore possible changes in dietary habits between 1995
and 2008 according to educational intentions, gender and
school type. During the period between 1995 to 2008 some
schools had been closed (n = 9) and new schools (n = 9)
had been opened. To explore the change over time, we only
included adolescents attending schools (n = 35) operating
in both surveys. Thus, 4113 and 4137 were included from
Young-HUNT3 and Young-HUNT1, respectively.
We further explored secular changes in dietary habits
according to schools’ NSFS status. Intervention schools
and control schools within Young-HUNT3 (2008) were
compared to the same schools within Young-HUNT1
(1997). Thus, within the young-HUNT1 sample, we defined the group “intervention schools” (n = 1791) and the
group “control schools” (n = 2346). The majority of
schools in 2006–08 either had pupils in the intervention
group or the control group. However, five schools in the
2006–08 study had pupils in both groups, but most students in these schools were in the control group (only
20 students were part of the intervention group). For
secular analysis according to NSFS status, these five
schools were categorised as “control schools” within
Young-HUNT1, as most students in these schools were
part of the control group within Young-HUNT3.
Measurements
Dietary consumption

Adolescents’ dietary habits were measured by the same
food frequency questionnaire (FFQ) used in YoungHUNT1 and Young-HUNT3. Consumption of fruit, vegetables, potato chips and candy were measured by the
question: “How often do you eat the items listed below?”
The reply options were: several times a day, once a day,
every week but not every day, less than once a week and
never. Consumption of SSB and ASB (only included in
Young-HUNT3) was measured by the wording: “How
often do you drink the items listed below?” The reply
options were: seldom/never, 1–6 glasses a week, 1 glass
a day, 2–3 glasses a day and 4 or more glasses a day.
Consumption was dichotomised into daily consumption
(more than once a day and once a day) and less than
daily consumption (every week but not every day, seldom and never) of fruit, vegetables, potato chips, candy,
SSB and ASB. Participants completed the questionnaire
during a school hour, in an exam-like setting.
The dietary questions in the Young-HUNT surveys
were based on the FFQ used in the Health Behaviour in
School-aged Children (HBSC) study. The validity of the
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HBSC FFQ has previously been reported for adolescents
[28]. Reliability analysis (interval: 6–15 days) resulted in
Spearman correlation values ranging from 0.45 to 0.82
among 11–12-year-olds and from 0.57 to 0.78 among
13–14-year-olds, with an overall mean correlation of
0.70 and 0.67, respectively.
Spearman correlation between the FFQ and the sevenday food diary (reference method) was 0.34 for fruit,
0.48 for vegetables, 0.46 for SSB, 0.15 for ASB, 0.10 for
potato chips and 0.25 for candy. Comparison between
the two methods showed that the FFQ overestimated all
food items except SSB and potato chips.

Sociodemographic variables

Adolescents’ own educational intention was the best
proxy for SES available in the Young-HUNT dataset. A
previously published study used both educational intentions and parental education as proxies for SES, and the
results showed almost identical results when comparing
the association between beverage consumption and the
two proxies [29]. Therefore, we have reason to believe
that educational intention is an acceptable proxy for SES
when assessing dietary consumption among adolescents.
Adolescents’ educational intention was measured
by the question: “What plans for further education
do you have?” The reply options in Young-HUNT3
were: university or university college four years or
more, university or university college less than four
years, other vocational education, no plans, or don’t
know. Young-HUNT1 included two additional reply
options: high school general education and secondary
vocational education (no plans was not listed as a
reply option). As it was possible to choose more
than one reply option, we used the highest level of
education registered by the participant. The variable
was further dichotomised into “higher educational
intentions” (college or university) and “lower educational intentions”.
The county of Nord-Trøndelag included 24 municipalities in which six of the municipalities included
villages with city status. The variable “municipality urbanity” used in the present study had two categories:
rural and urban. Being categorised as urban reflected
that the participant lived in one of the six municipalities that included villages with city status. In YoungHUNT1, participants reported their own gender, and
which grade they attended. In Young-HUNT3, however, this information was collected by using participants’ personal identification numbers. In both surveys,
sociodemographic data (urbanity of the municipality
and which school they attended) were registered by
using personal identification number and linking this to
the school register and national population register.
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Statistics
Evaluation of the NSFS (using data from young-HUNT3)

Results

Descriptive statistics were presented using independent
t-tests for continuous variables and chi-square for categorical variables. To evaluate the NSFS, the outcomes
(fruit, vegetables, candy, SSB, ASB and potato chips)
were analysed separately by multilevel logistic regression
models. Schools were included as a random intercept.
The models included the covariates gender, grade, educational intentions and municipality urbanity. We tested
a priori for interactions between adolescents’ exposure
to the NSFS and (i) gender, (ii) educational intentions
and (iii) grade level.

The proportion of participants who consumed fruit daily
was higher in the intervention group (67% vs 57%,
p < 0.001) than the control group. In the intervention group
the mean age was lower (14.5 vs 14.7 years, p < 0.001),
and a lower percentage lived in an urban area compared
to the control group (63% vs 70%, p < 0.001). The
distribution of participants according to grade level varied
between the intervention group and the control group:
33% vs 36% attended grade 8, 33% vs 34% attended
grade 9, and 30% vs 33% addended grade 10, respectively
(p = 0.026).
A higher percentage of Young-HUNT3 participants
consumed fruit (61% vs 50%, p < 0.001), vegetables (52%
vs 41%, p < 0.001), potato chips (6% vs 4%, p < 0.001) and
SSB daily (29% vs 17%, p < 0.001) compared to YoungHUNT1 participants. Furthermore, a higher percentage of
Young-HUNT3 participants had higher educational intentions (34% vs 15%, p < 0.001), lived in an urban municipality (63% vs 60%, p = 0.013) and had a lower mean age
(14.5 years vs 14.6 years, p < 0.001) compared to YoungHUNT1 participants. The distribution of participants
according to grade level was different in Young-HUNT1
and Young-HUNT3: 32% vs 34% attended 8th grade and
35% vs 32% addended 10th grade, respectively (p = 0.005).
Within Young-HUNT1, a significantly higher number
of participants in the “intervention schools 1995” group
had higher educational intentions (16% vs 14%, p =
0.012), lived in an urban municipality (62% vs 58%, p =
0.006) and consumed SSB (19% vs 16%, p = 0.012) compared to participants in the “control schools 1995” group
(Table 1). The mean age (14.6 vs 14.7, p = 0.029) was
significantly different in the groups.

Change of dietary patterns over time in relation to SES,
gender and school type

We investigated change in dietary habits (fruit, vegetables, candy, potato chips and SSB) between 1995
(Young-HUNT1) and 2008 (Young-HUNT3) by multilevel logistic regression. School was included as a random intercept. The six outcomes were analysed
separately, by two models. To examine possible changes
in dietary patterns, a binary variable “time” was constructed (1995 [HUNT1] =0; 2008 [HUNT3] =1). In
model 1, we analysed the main effect of time, educational intentions, gender, grade and municipality urbanity. In model 2, we included the interactions between
time and gender and time and educational intentions.
Secondly, to explore secular trends according to school
type, an additional analysis was conducted. The binary
variable “school type” was constructed, in which schools
in the intervention group in Young-HUNT3 and the
same schools in the Young-HUNT1 (intervention
schools) were treated as one group “NSFS schools”
(coded 1); the schools in the control group in YoungHUNT3 and the same schools in Young-HUNT1 (control schools) were treated as another group “control
schools” (coded 0). To explore whether the secular
change was different between NSFS schools and control
schools from 1995 to 2008, the interaction term between
school type and time (HUNT1 vs HUNT3) was tested in
a multilevel logistic regression model with a random
intercept for school, for all six dietary outcomes. The
models included the covariates gender, grade, educational intentions and urbanity. If the interaction term
(school type* time) was significant for a dietary outcome,
stratification was performed by school type.
In all analysis, we used p < 0.05 to indicate statistically
significant associations. For interaction terms p < 0.1 was
used, as interaction terms are a multiplication of two
variables that include measurement error [30]. All
models reported odds ratio (OR) with a robust 95%
confidence interval (CI). All statistical analyses were
conducted using Stata 15.1.

Characteristics of the study sample

The NSFS effect on dietary behaviour (using data from
young-HUNT3)

The intervention group showed increased odds of daily fruit
consumption (aOR = 1.75, 95% CI = 1.25–2.43) compared
to the control group (Table 2). We did not observe any effect modification between exposure to the NSFS and i) gender (p = 0.548), ii) grade (p = 0.101) or iii) educational
intentions (p = 0.554) for the outcome of fruit (analysis not
shown). No significant differences between the intervention
and control group were found for vegetables (aOR = 1.09,
95% CI = 0.92–1.29), potato chips (aOR = 0.95, 95% CI =
0.70–1.28), candy (aOR = 0.91, 95% CI = 0.70–1.18), SSB
(aOR = 1.10, 95% CI = 0.87–1.39) and ASB (aOR = 0.99,
95% CI = 0.82–1.21).
Change of dietary patterns over time in relation to SES
and gender

Firstly, we interpret the models without interactions
(Model 1, Table 3). Compared to study participants in
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Table 1 Characteristics of study population within Young-HUNT1; control schools and intervention schools, Young-HUNT1 and
Young-HUNT3 and within Young-HUNT3; intervention group and control group
Young-HUNT1***

Age (mean)

Young-HUNT1 vs Young-HUNT3

Young-HUNT 3*

Control
schools
(n = 2346)

Intervention
schools
(n = 1791)

p-value

Young-HUNT1
(N = 4137)

Young-HUNT3
(N = 4113)

p-value

Control group
(N = 2855)

Intervention group
(N = 1892)

p-value

14.6

14.7

0.029

14.6

14.5

< 0.001

14.7

14.5

< 0.001

%

%

%

%

%

%

Sex (female)

50

52

0.175

51

50

0.524

49

50

0.740

Educational intentions
(higher)

14

16

0.012

15

34

< 0.001

34

35

0.680

Municipality
urbanity (urban)

58

62

0.006

60

63

0.013

70

63

< 0.001

Grade junior high

0.399

0.005

0.026

8 th grade

32

31

32

34

33

36

9 th grade

34

33

34

34

34

33

10 th grade

34

36

35

32

33

30

Fruit

50

51

0.504

50

61

< 0.001

57

67

< 0.001

Vegetables

40

43

0.080

41

52

< 0.001

51

53

0.088

Potato chips

4

4

0.649

4

6

< 0.001

7

6

0.353

Candy

12

13

0.502

13

12

0.555

13

12

0.517

Sugar-sweetened
beverages

16

19

0.012

17

29

< 0.001

29

28

0.469

Artificially sweetened
beverages**

n.a

n.a

n.a

n.a

19

n.a

19

19

0.806

Dietary consumption
(daily)

*In Young-HUNT3, participants who answered the questionnaire before the 1. Of September 2007 was defined as the control group and participants who
answered after 1. September 2007 as the intervention group
N.a (not applicable). **Consumption of artificially sweetened beverages was not measured in the Young-HUNT1 survey
***Young-HUNT1 control schools and intervention schools grouping was based on schools by intervention and control in Young-HUNT3

1995, those participating in 2008 showed increased
odds of daily consumption of fruit (aOR = 1.48, 95%
CI = 1.28–1.71), vegetables (OR = 1.41, 95% CI = 1.28–
1.53), potato chips (aOR = 1.60, 95% CI = 1.26–2.04)
and SSB (OR = 2.02, 95% CI = 1.66–2.45). No difference
was observed for consumption of candy (aOR = 0.97,
95% CI = 0.83–1.12).

The analysis revealed that those with higher educational
intentions were more likely to report daily consumption of
fruit (aOR = 1.45, 95% CI = 1.28–1.62) and vegetables
(aOR = 1.51, 95% CI = 1.35–1.68) and less likely to report
daily consumption of SSB (aOR = 0.78, 95% CI = 0.67–0.92)
and candy (aOR = 0.87, 95% CI = 0.76–0.99). Gender differences were found for all dietary outcomes. Males were less

Table 2 Odds ratio (OR) of daily consumption of fruit, vegetables, potato chips, candy, sugar-sweetened beverages, artificially
sweetened beverages, intervention vs control in Young-HUNT3 (n = 4747)
Outcome

Unadjusted analysis (odds ratio, 95% CI)

*Adjusted analysis (odds ratio, 95% CI)

p-value (adjusted analysis) **

Fruit

1.77 (1.25–2.51)

1.75 (1.25–2.43)

0.001

Vegetable

1.13 (0.96–1.35)

1.09 (0.92–1.29)

0.289

Potato chips

0.94 (0.70–1.25)

0.95 (0.70–1.28)

0.740

Candy

0.92 (0.72–1.17)

0.91 (0.70–1.18)

0.498

Sugar-sweetened beverages

1.06 (0.85–1.33)

1.10 (0.87–1.39)

0.419

Artificially sweetened beverages

1.02 (0.85–1.21)

0.99 (0.82–1.21)

0.994

*Adjusted for covariates grade, gender, educational intentions and urbanity in municipality
The reference group for all outcomes was the control group
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Table 3 Development over time in relation to planned education and gender (only schools with participants in both surveys)
Daily consumption of fruit
Model 1

Daily consumption of vegetables
Model 2

Model 1

Model 2

aOR

95% CI

p-value

aOR

95% CI

p-value

aOR

95% CI

p-value

aOR

95% CI

p-value

HUNT 3 vs. HUNT1

1.48

1.28–1.71

< 0.001

1.60

1.19–1.98

< 0.001

1.41

1.28–1.53

< 0.001

1.42

1.23–1.65

< 0.001

Educational intentions

1.45

1.28–1.62

< 0.001

1.42

1.20–1.68

< 0.001

1.51

1.35–1.68

< 0.001

1.35

1.14–1.60

< 0.001

Gender

0.68

0.62–0.75

< 0.001

0.74

0.65–0.85

< 0.001

0.82

0.74–0.91

< 0.001

0.86

0.76–0.98

0.025

9 th grade

0.84

0.72–0.97

0.022

0.84

0.72–0.97

0.022

0.79

0.69–0.91

0.001

0.80

0.69–0.91

0.001

10 th grade

0.68

0.58–0.79

< 0.001

0.69

0.58–0.79

< 0.001

0.74

0.63–0.87

< 0.001

0.74

0.63–0.88

< 0.001

Urbanity

1.15

0.94–1.42

0.158

1.15

0.95–1.41

0.162

1.12

0.97–1.29

0.106

1.12

0.97–1.29

0.117

Constant

1.33

1.14–1.55

< 0.001

1.28

1.07–1.53

0.005

0.84

0.97–0.96

0.014

0.83

0.70–0.97

0.021

1.02

0.87–1.20

0.786

1.18

0.97–1.43

0.094

0.85

0.68–1.06

0.144

0.90

0.76–1.06

0.231

Grade

Time x educational intentions
Time x gender

Daily consumption of potato chips
Model 1

Daily consumption of sugar-sweetened beverages

Model 2

Model 1

95% CI

p-value

aOR

95% CI

HUNT 3 vs. HUNT1

1.60

1.26–2.04

< 0.001

1.10

0.73–1.68

0.623

2.02

1.66–2.45

< 0.001

1.92

1.51–2.43

< 0.001

Educational intentions

0.84

0.68–1.04

0.113

0.63

0.44–0.92

0.015

0.78

0.67–0.92

0.002

0.81

0.67–0.95

0.014

Gender

2.30

1.89–2.80

< 0.001

1.76

1.32–2.35

< 0.001

2.19

1.90–2.53

< 0.001

2.07

1.73–2.47

< 0.001

9 th grade

0.91

0.72–1.15

0.443

0.91

0.72–1.15

0.447

1.20

1.05–1.38

0.009

1.20

1.04–1.38

0.009

10 th grade

0.84

0.65–1.08

0.181

0.84

0.65–1.08

0.175

1.44

1.26–1.64

< 0.001

1.44

1.27–1.64

< 0.001

Urbanity

0.71

0.52–0.95

0.022

0.70

0.52–0.94

0.021

0.73

0.59–0.89

0.002

0.73

0.59–0.89

0.002

Constant

0.03

0.02–0.03

< 0.001

0.04

0.03–0.05

< 0.001

0.14

0.11–0.15

< 0.001

0.13

0.11–0.16

< 0.001

p-value

aOR

95% CI

Model 2

aOR

p-value

aOR

95% CI

p-value

Grade

Time x educational intentions

1.45

0.97–2.17

0.067

0.96

0.73–1.28

0.822

Time x gender

1.57

1.06–2.34

0.024

1.10

0.91–1.34

0.312

Daily consumption of candy
Model 1

HUNT 3 vs. HUNT1

Model 2

aOR

95% CI

p-value

aOR

95% CI

p-value

0.97

0.83–1.12

0.664

0.92

0.72–1.17

0.501

Educational intentions

0.87

0.76–0.99

0.044

0.90

0.70–1.16

0.449

Gender

1.48

1.32–1.65

< 0.001

1.40

1.19–1.64

< 0.001

9 th grade

1.13

0.92–1.38

0.193

1.13

0.94–1.37

0.192

10 th grade

1.30

1.04–1.62

0.020

1.30

1.04–1.62

0.021

Urbanity

0.88

0.69–1.15

0.376

0.89

0.69–1.15

0.383

Constant

0.11

0.08–0.13

< 0.001

Grade

0.10

0.08–0.14

< 0.001

Time x educational intentions

0.93

0.69–1.26

0.673

Time x gender

1.11

1.19–1.64

0.673

The reference category for gender: female, Time: Young-HUNT1, Educational intentions: lower educational intentions, grade: 8th grade, Urbanity: urban area
School was included as a random intercept

likely to eat fruit (aOR = 0.68, 95% CI = 0.62–0.75) and vegetables (aOR = 0.82, 95% CI = 0.74–0.91), and more likely
to consume potato chips (aOR = 2.30, 95% CI = 1.89–2.80),
SSB (aOR = 2.19, 95% CI = 1.90–2.53) and candy (aOR =
1.48, 95% CI = 0.76–0.99).

Secondly, we interpret the models with interactions
(Model 2, Table 3). The interaction between educational intentions and time for the outcomes of fruit,
SSB and candy was not significant. The interaction between educational intentions and time was significant
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for vegetables (aOR = 1.18, 95% CI = 0.97–1.43) and
potato chips (aOR = 1.45, 95% CI = 0.97–2.17). Between 1995 and 2008 the interaction between gender
and food habits was not significant, except for daily
consumption of potato chips (aOR = 1.57, 95% CI =
1.06–2.34).
Change of dietary patterns over time in relation to school
type

The results from the analysis exploring change in dietary
patterns according to school type revealed that the interaction between school type (NSFS schools vs control
schools) and time (1995 vs 2008) was only significant for
fruit (p = 0.014, adjusted model, analysis not shown). As
there was a significant interaction between school type
and time for the outcome of fruit, stratification was done
by school type (see Additional file 1 for stratified analysis).
Stratification by school type revealed that adolescents at
NSFS schools had an increased odds of 1.82 (95% CI =
1.38–2.38) of daily consumption of fruit in 2008 compared
to adolescents in the same schools in 1995, while adolescents at control schools had an increased odds of 1.26 (95%
CI = 1.07–1.47) of daily consumption of fruit in 2008 compared to the same schools in 1995 (Additional file 1: Table
S1). No effect modification was found for gender or educational intentions in the stratified model (not included in the
model in Additional file 1).

Discussion
The NSFS effect on dietary behaviour

The results implied an overall positive effect of the
NSFS on adolescents’ fruit consumption, regardless of
gender, educational intentions or grade level. As most
school fruit and vegetable interventions have targeted
children, a limited number of comparable studies have
investigated the effects of such interventions among
adolescents [20, 21]. In line with our results, a pilot
study conducted in the USA that provided free fruit
and vegetables for one school year indicated that adolescents (grades 8 and 10) increased their overall fruit
consumption but not vegetable consumption [31].
However, that study did not use a control group, limiting the ability to attribute the increased fruit consumption to the program. Also, in line with our present
results, previous evaluation studies of the NSFS have
also confirmed that the program increased fruit but
not vegetable consumption among children, regardless
of gender and SES [22, 23].
Contrary to our findings, results from previously published studies targeting children have shown that free fruit
and vegetable interventions also seem to reduce the consumption of snacks during the intervention [24, 25]. Differences in effect on snack consumption in studies evaluating
the effectiveness of fruit and vegetable interventions may
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partly be explained by the use of different measures of
“snack” consumption, and how long participants were part
of the intervention. In our analysis, we evaluated each food
item separately, not merging serval items into one “snacks”
category, which was done in the studies that found reduced
consumption of snacks [24, 25]. Further, participants in our
sample had been part of the NSFS for an average 4.3 months
(95% CI = 4.2–4.4) when answering the questionnaire
(range = 0.1–9.7 months), while the children in the two
aforementioned studies had been part of a school fruit and
vegetable intervention for approximately one year [24, 25].
Change of dietary patterns over time in relation to SES,
gender and school type

Overall, we found an increased frequency of daily consumption of fruit and vegetables between 1995 and
2008, which is in line with other studies, from both
Norway [12, 18] and other European countries [7]. The
present study found that adolescents increased their frequency of daily consumption of SSB between 1995 and
2008, which is in contrast with previous findings from
Norway, among both children and adolescents [15, 18].
In contrast with a previous study, which showed that the
frequency of SSB consumption decreased among adolescents in Norway between 2001 and 2009 [18], our results
indicated that the adolescent population in NordTrøndelag county increased their frequency of daily SSB
consumption between 1995 and 2008. This finding was
surprising as the county has been considered fairly representative of Norway as a whole [26].
The present study identified both positive and negative
changes in dietary trends among adolescents according
to SES and gender. Our findings suggest that socioeconomic inequalities in fruit consumption were stable
between 1995 and 2008, which has previously been confirmed by other studies from the Nordic region [13].
Conversely, our results indicated that the impact of educational intentions increased for vegetable consumption
between 1995 and 2008. Another study among Norwegian adolescents, however, did not reveal any differences
in vegetable consumption according to SES between
2001 and 2009 [18].
In a Norwegian context, this is to our knowledge the
first study to measure change in potato chips consumption according to SES and gender among adolescents.
For potato chips, our results indicated that the difference
in consumption between those with higher and lower
educational intentions decreased between 1995 and
2008. Further, our results indicated that males increased
their consumption of potato chips compared to females
between 1995 and 2008. Contrary to our results,
Scotland observed no changes in potato chips consumption according to SES, and their results indicated that
males reduced their consumption in approximately the
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same time period [32]. Both aforementioned studies
used the family affluence scale as an indicator for SES,
which may explain differences in result regarding change
of vegetable and potato chips consumption in relation to
SES over time [18, 32].
When assessing socioeconomic disparities, the SES indicator must be kept in mind, as the use of different indicators might yield different results. There is no single
superior indicator of SES, as each measures different
aspects and can be more or less relevant to different outcomes at different life stages [33]. The present study
used educational intentions as an indicator of SES,
which has previously been used as an indicator among
this age group [29].
Secularly, the frequency of fruit consumption increased between 1995 and 2008 (aOR = 1.48, Table 3)
and this increased frequency differed by school type
(aOR = 1.82 vs aOR = 1.26, Additional file 1: Table S1).
This indicates that the secular effect of the NSFS, where
adolescents were exposed for a maximum of 11 months,
overwhelms the secular increased frequency of fruit in
the previous decade. Contrary to our findings, a crosssectional study among a representative sample of Norwegian adolescents aged 11, 13, 15 and 16 years found
an increase in fruit consumption between 2001 and
2005, but no further improvement between 2005 and
2009 [18]. Although that study did not aim to evaluate
the NSFS, its results indicated that the NSFS did not
have an effect on adolescents’ fruit consumption. However, it used a different sample and assessed dietary
changes between 2001 and 2009.
Strengths and limitations

A key strength of the present study was the use of the
large population-based Young-HUNT study, conducted
in the county of Nord-Trøndelag, which has been considered representative of Norway regarding demographic
factors though it lacks larger cities [26]. Our results may
be representative of adolescents attending schools in
other Norwegian counties, and also other countries with
similar demographic and sociodemographic distribution.
However, the results may not be generalisable for
adolescents living in large cities.
Another strength was our natural experimental design,
which enabled evaluation of a past public health initiative
according to SES. Our results add to the body of literature
which has shown that “upstream” interventions, such as
free fruit and vegetables at school, are more likely to be
effective among individuals regardless of SES [34].
A limitation of our study was that some significant differences existed between the intervention group and the
control group. Within Young-HUNT3, a higher percentage of the control group lived in an urban municipality
compared to the intervention group. This was most
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likely due to the fact that the data collection was completed in one municipality before moving on to the next.
Further, it was not possible to obtain the exact date of
implementation of the NSFS at different schools; therefore, we defined 1 September as the start date. However,
assuming an implementation date prior to the actual implementation date would most likely lead to an underestimation of the NSFS effect. One key limitation of this
study was that the participants in the intervention group
had received different exposure to the NSFS (ranging
from 0.1 to 9.7 months), which may also have led to an
underestimation of the effect of the initiative.
Another important limitation was that we could not
conduct a more comprehensive evaluation of the NSFS
and dietary patterns over time. The questionnaire used
only measured the frequency of certain food items [26].
We recognise that information on adolescents’ actual
food consumption and portion sizes would have provided a more detailed picture. In addition, the data was
self-reported, which is known to be prone to bias.

Conclusion
Our results suggested that the NSFS contributed to an
increased frequency of daily fruit consumption among
adolescents, regardless of gender and educational intentions and grade level. Moreover, results indicated an
overall increased frequency of fruit, vegetable, SSB and
potato chips consumption between 1995 and 2008.
However, the secular effects for fruit varied by school
type, which indicates that the secular effect of the NSFS
overwhelms the secular increased frequency of fruit in
the previous decade. Between 1995 and 2008, the socioeconomic gap in vegetable consumption increased and
the socioeconomic gap in potato chips consumption
decreased. Finally, the results showed an increased
frequency of potato chips consumption among males
compared to females between 1995 and 2008.
Free school fruit schemes thus seem to be an effective
approach to increase fruit consumption among all Norwegian adolescents. Similar efforts should be used to increase
vegetable consumption. The effect of reducing the availability of unhealthy food items and beverages, and reducing socioeconomic differences in dietary habits, should
also be further investigated in future studies.
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Additional Table 1, Odds ratio for daily consumption of fruit stratified by school type.
Daily consumption of fruit
NSFS schools
Control schools
OR
95 % CI
p-value
OR
95% CI
p-value
Time (HUNT3 vs HUNT1)
1.82
1.38-2.38
<0.001
1.26
1.07-1.47
0.005
Educational intentions (higher)
1.54
1.29-1.85
<0.001
1.38
1.21-1.59
<0.001
Gender (males)
0.73
0.65-0.82
<0.001
0.64
0.57-0.74
<0.001
Grade
9 th
0.83
0.62-1.10
0.198
0.85
0.73-1.01
0.075
10 th
0.76
0.58-0.99
0.044
0.63
0.53-0.76
<0.001
Urbanity (rural)
1.45
1.07-1.96
0.014
0.99
0.78-1.27
0.990
constant
1.11
0.88-1.41
0.348
1.49
1.23-1.81
<0.001
*Adjusted for grade, urbanity in municipality, gender and educational intentions. School included as a random intercept. NSFS schools includes
HUNT1 intervention schools and Young-HUNT3 intervention group. Control schools includes control schools in YoungHUNT1 and control
group in Young-HUNT3.

APPENDIX I
Abbreviations

Abbreviations

ASB

Artificially sweetened beverages

CVD

Cardiovascular disease

CI

Confidence Interval

DALY

Disability-Adjusted Life Year

FFQ

Food Frequency questionnaire

FV

Fruit and vegetables

FVMM

Fruits and Vegetables Makes the Marks

HBSC

Health Behaviour in School-aged Children

NCD

Non-communicable disease

HUNT

Nord-Trøndelag Health Study

NCG

Norwegian child growth study

NOK

Norwegian Kroner

MOBA

Norwegian Mother and Child Cohort Study

NSFS

Norwegian school fruit scheme

OR

Odds ratio

SES

Socioeconomic status

SSB

Sugar-sweetened beverages

WHO

World Health Organization

APPENDIX II
FVMM
24-hour recall and FFQ, Baseline
(Norwegian)

APPENDIX III
FVMM
24-hour recall and FFQ, Follow-up 2016
(Norwegian)

APPENDIX IV
English translation of the FFQ and the 24-hour recall used in FVMM

Survey
Baseline
Follow-up in 2016

Unhealthy snacks FFQ

Fruit FFQ

How often do you eat other
vegetables (e.g., carrot for school
lunch)

Vegetable FFQ

How often do you drink soda with
sugar?
How often do you eat potato chips?

How often do you eat candy?
(chocolate, mixed candy etc.)

How often do you eat other fruits or
berries?

How often do you eat apples, oranges,
pears or bananas?

Question
How often do you eat vegetables for
dinner?

Variables

Never=0,
Less than one time/week=0.5
One time(week)=1
Two times/week=2
Three times/week=3
Four times/week=4
Five times/week=5
Six times/week=6
Every day=7
Several times/day=10

Response alternatives
Never=0,
Less than one time/week=0.5
One time(week)=1
Two times/week=2
Three times/week=3
Four times/week=4
Five times/week=5
Six times/week=6
Every day=7
Several times/day=10

Baseline
Fruit and vegetable 24-hour recall

After dinner

Dinner

After school, but before dinner

At school

Before school

Did you eat fruits or berries before you
went to school yesterday morning?
Response alternatives: Yes, No
Did you eat vegetables before you went
to school yesterday morning?
Response alternatives: Yes, No
Did you eat any fruits or berries during
school lunch or during breaks
yesterday?
Response alternatives: Yes, No
Did you eat any vegetables during
school lunch or during breaks
yesterday?
Response alternatives: Yes, No
Did you eat any fruits or berries after
school, but before dinner yesterday?
Response alternatives: Yes, No
Did you eat any vegetables after school,
but before dinner?
Response alternatives: Yes, No
Did you eat any vegetables for dinner
yesterday?
Response alternatives: Yes, No
Did you eat any fruit or berries for
dinner or as dessert yesterday?
Response alternatives: Yes, No
Did you eat any fruits or berries after
dinner or to your evening meal
yesterday?
Response alternatives: Yes, No
Did you eat any vegetables after dinner
or to your evening meal yesterday?
Response alternatives: Yes, No
If yes, write down what kind and
amount of vegetables you ate:

If yes, write down what kind and
amount of fruits and berries you ate:

If yes, write down what kind and
amount of fruits and berries you ate:

If yes, write down what kind and
amount of vegetables you ate:

If yes, write down what kind and
amount of vegetables you ate:

If yes, write down what kind and
amount of fruits and berries you ate:

If yes, write down what kind and
amount of vegetables you ate:

If yes, write down what kind and
amount of fruit and berries you ate:

If yes, write down what kind and
amount of vegetables you ate:

If yes, write down what kind and
amount of fruit and berries you ate:

Follow-up 2016
Fruit and vegetable 24-hour recall

Supper (after dinner)

Dinner

Lunch (between breakfast and dinner)

Breakfast

Did you eat any fruits or berries
yesterday morning?
Response alternatives: Yes, No
Did you eat any vegetables yesterday
morning?
Response alternatives: Yes, No
Did you eat any fruits or berries between
breakfast and dinner yesterday?
Response alternatives: Yes, No
Did you eat any vegetables between
breakfast and dinner yesterday?
Response alternatives: Yes, No
Did you eat any vegetables for dinner
yesterday?
Response alternatives: Yes, No
Did you eat any fruit or berries for
dinner or as dessert yesterday?
Response alternatives: Yes, No
Did you eat any fruits or berries for
supper yesterday?
Response alternatives: Yes, No
Did you eat any vegetables for supper
yesterday?
Response alternatives: Yes, No
If yes, write down what kind and
amount of vegetables you ate:

If yes, write down what kind and
amount of fruits and berries you ate:

If yes, write down what kind and
amount of fruits and berries you ate:

If yes, write down what kind and
amount of vegetables you ate:

If yes, write down what kind and
amount of vegetables you ate:

If yes, write down what kind and
amount of fruits and berries you ate:

If yes, write down what kind and
amount of vegetables you ate:

If yes, write down what kind and
amount of fruits and berries you ate:

APPENDIX V
English translation of the FFQ used in Young-HUNT

SSB and ASB in Young-HUNT3
4 or more glasses/day
2-3 glasses/day
1 glass/day
1-6 glasses/week
Seldom/never

More than once/day
Once/day
Every week but not every day
Less that once every week
Never

Reply options

https://www.ntnu.no/c/document_library/get_file?uuid=4a3d7618-54e2-42ee-b23f-1813c43c7539&groupId=10304

Link to the questionnaire used in Young-HUNT3:

https://www.ntnu.no/c/document_library/get_file?uuid=bea5e0f5-7048-4937-9251-fd578c0a2f3c&groupId=10304

Link to the questionnaire used in Young-HUNT1:

Measured by different items in Young-HUNT1 and Young-HUNT3. b) Only measured in Young-HUNT3. Sugar-sweetened beverages: SSB, Artificially
sweetened beverages: ASB

a)

FFQ used in:
Young-HUNT1 and
Young-HUNT3

Question
How often do you eat or drink the items listed below?
Fruit
Vegetables
Candy (chocolate and other sweets)
Potato chips
SSB a)
ASB b)

