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Abstract: Adolescents in many countries consume poor quality diets that include high intakes of
sugary drinks and fast food and low intakes of vegetables. The aims of this Special Issue on adolescent
dietary behaviour were to identify methods and approaches for successful interventions to improve
diet quality in this age group and identify at risk subgroups that need particular attention. In total,
11 manuscripts were published in this Special Issue—three qualitative studies which included a
systematic review, five cross-sectional studies and three quantitative evaluations of interventions.
This Editorial discusses the contribution of the studies and provides suggestions to improve the success
of future interventions in adolescents. It is important that adolescents are involved in the design
of interventions to improve social and cultural acceptability and relevance. Interventions targeting
schools or communities framed within a larger food system such as issues around climate change
and the carbon footprint of food may improve engagement. Furthermore, targeting adolescents in
areas of lower deprivation is a priority where diet quality is particularly poor. Potentially successful
interventions also include environmental policies that impact on the cost and marketing of food and
drinks, although evaluations of these were not included in this issue.

Keywords: intervention; adolescent; dietary behaviour; education; environment; nutrition policy;
sugary drinks; vegetables

Next Steps for Interventions Targeting Adolescent Dietary Behaviour

Diets of adolescents in many countries are of poor quality when compared to those of younger
and older age groups; higher in fats and sugars and lower in vegetables [1]. Intakes of fast food outside
the home are often higher [2]; members of this age group are more likely to start engaging in risky
behaviour including drinking alcohol and they are usually concerned with the views and opinions
of their peers as well as their family [3]. This is an important age group to target as poor diet habits
may persist into adulthood and increase the risk in the future of non-communicable diseases such as
type 2 diabetes, cardiovascular disease and cancers [4]. These adolescents are also future parents and,
therefore, good dietary habits can potentially be passed on to the next generation. This Special Issue
focuses on evidence to help target and improve adolescent diet either through individual intervention
or through environment-based policies. The issue includes three types of manuscripts which provide a
wealth of information to inform future intervention programmes and policies targeting this age group.
These are discussed below in turn, followed by a synthesis of the learnings from the body of evidence
presented. First, the qualitative research from three papers based on alcohol (a systematic review),
wholegrain foods (individual interviews) and school food (stakeholder focus groups) is reviewed.
Second, five cross-sectional studies that include information on diet quality and dietary patterns in
adolescents from five different countries are discussed. Third, three interventions based in the US and
Canada targeting adolescents are examined.

Qualitative research is an important, although under-utilised, part of the process of designing
successful interventions and can ensure that evaluation trials are more effective and efficient [5].

Nutrients 2020, 12, 190; doi:10.3390/nu12010190 www.mdpi.com/journal/nutrients1
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The review of qualitative research on adolescent behaviour and opinions related to alcohol in this issue
was enlightening. It highlighted the difficulties and complexities inherent in influencing adolescent
behaviour which includes dietary behaviour [3]. The tensions between restraint and fun, which
may be due to acting on family values and beliefs versus those held by groups of peers, are high in
this age group. Conflicting behaviour and views are common, leaving adolescents in challenging
positions where they are expected to join in and drink and eat fast food but still maintain a healthy
lifestyle and not get drunk or be overweight [3]. The review also highlighted the high rate of personal
problems at this age, which may well mean that immediate mental health issues are far more of a
priority than long-term physical health. Further and much-needed qualitative work from secondary
schools highlighted the fact that most adolescents would choose unhealthier foods if available but
primarily wanted food that was easy to purchase and carry around [6]. The challenge is to design
one-pot portable meals that, unlike fast food, are not deep fried and do contain useful amounts of
vegetables. Innovative methodology using a SenseCam camera to collect data reported on barriers and
facilitators to improve wholegrain intake revealed that knowledge is often patchy but poor availability
of healthy products aimed at this age group made it particularly difficult to make quick healthy
choices [7]. Taste was mentioned as an important factor in all the qualitative studies when referring to
food but not for alcohol, highlighting the importance of peers and the differences between drinking
and dietary behaviours.

Cross-sectional research is useful for identifying specific foods and nutrients that are far from
optimal, particularly poor or good dietary patterns and disparities in diet between specific subgroups of
the adolescent population. We included a range of populations in this Special Issue, namely adolescents
from Belgium [8], China [9], Norway [10], Poland [11] and the UK [12]. Different types of foods rather
than nutrients were more likely to be reported, and the top dietary behaviours reported by all of the
five cross-sectional studies were sugary drinks or foods and vegetables. Wholegrain foods, fruit, fast
food or school food and skipping breakfast were also mentioned by at least two studies. A number
of factors had an impact on sugary foods and drinks; consumption of sugary drinks was reported to
rise with age [11], was more common in adolescent boys [10] and more common in less educated or
lower social class households [8,10]. For example, in Belgium, authors also reported that amounts of
sugary drinks were around 50% higher and wholegrain foods were 50% lower in households where
education was lower [8]. Some of the studies also reported that unhealthy behaviours clustered
together, pointing to the fact that interventions targeting more than one behaviour might be more
effective [9–11]. Dietary data from the UK indicated that high intakes of extrinsic or added sugars
are driven mainly by high intakes of sugary drinks in this age group as well as cakes, biscuits and
confectionery. Furthermore, higher intakes of pasta and rice, wholemeal bread and fish were associated
with lower sugar consumption. The very low proportion of adolescents meeting the recommendation
(4%) and the findings that the most nutritious diets in the UK are for categories of 10–15% extrinsic
sugars indicate that dietary patterns need to change dramatically in many countries in order to meet
current guidelines. Although sugary drinks are a key driver of high free sugar intake, it is unlikely
that solely targeting this food group will be sufficient to improve overall diet quality.

Three papers in this Special Issue reported on interventions aimed at adolescents to improve
diet. One looked at how a small number of education classes on sugar literacy increased adolescents’
intention to limit sugar intake and their confidence to read food labels [13]. A second study tested
a nudge-based intervention to increase vegetables that had a small impact on vegetable intake [14].
A third study was a two-part intervention based on education followed by an adolescent-designed
promotional activity focussed on food choices and food waste [15]. This study was successful in
reducing vegetable waste in adolescents. The intervention studies published here support the need for
interventions to provide high quality information, the skills to interpret complex dietary information
and the framing of nutritional problems in a wider food system. Improving dietary behaviour in this
age group, such as reducing portion sizes of energy dense food and encouraging higher intakes of
plant-based diets, may be more likely to engage adolescents if linked to larger issues such as climate
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change. This could include interventions to reduce portion size to reduce food waste and increase
high-fibre nutritious plant foods to reduce food’s carbon footprint. Co-designed and adolescent-led
interventions are likely to be more attuned to adolescent needs and values and therefore are potentially
more effective.

It is worth mentioning what is missing from this Special Issue. No manuscripts were submitted
evaluating interventions targeting the wider environment, including marketing and offering incentives
or disincentives such as a subsidy (on vegetables) or a tax or levy (on sugary drinks or foods). In the UK,
Public Health England have reported that as a result of the recent levy, half of sugary drinks have been
reformulated to contain lower levels of sugars and this is likely to have a disproportionate impact on
behaviour in adolescents as they are the largest consumers of sugary drinks. Furthermore, a reduction
in marketing of foods high in fats, sugars and salt is identified by the WHO as a priority area, which is
also likely to impact this age group more than others [16] and has already been implemented in some
countries in Europe but was not featured here.

In conclusion, this Special Issue provides insights into designs of interventions and policies that
have the potential to improve adolescent dietary behaviour. Policies that frame the issues within a
larger food system and that target multiple eating behaviours may be more likely to be successful at
changing overall diet quality and, consequently, health in this age group. Education is still needed
despite nutrition education being part of the curriculum in schools. Furthermore, it is important that
interventions take into account aspects of young people’s emotional, social and cultural lives if they are
to be successful. Interventions targeting adolescents in more deprived regions are particularly needed
due to the inequalities in diet. Digital and online platforms are important sources of information
in this age group, sources that have been implemented to improve dietary behaviour albeit with
limited success so far [17]. This approach could have potential but is fraught with ethical issues due to
problems with fake news and misinformation that particularly target this age group. It is essential that
adolescents are at the heart of co-designing these complex interventions as it will be difficult for others
to truly understand the social and cultural issues involved.

Funding: This Editorial received no external funding.

Conflicts of Interest: The author declares no conflict of interest.
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Abstract: Excess body weight and risky alcohol consumption are two of the greatest contributors to
global disease. Alcohol use contributes directly and indirectly to weight gain. Health behaviours
cluster in adolescence and track to adulthood. This review identified and synthesised qualitative
research to provide insight into common underlying factors influencing alcohol use and unhealthy
eating behaviours amongst young people aged 10–17. Sixty two studies met inclusion criteria. Twenty
eight studies focused on alcohol; 34 focused on eating behaviours. Informed by principles of thematic
analysis and meta-ethnography, analysis yielded five themes: (1) use of alcohol and unhealthy food
to overcome personal problems; (2) unhealthy eating and alcohol use as fun experiences; (3) food,
but not alcohol, choices are based on taste; (4) control and restraint; and (5) demonstrating identity
through alcohol and food choices. Young people faced pressure, reinforced by industry, to eat and
drink in very specific ways, with clear social consequences if their attitudes or behaviour were
deemed unacceptable. No qualitative studies were identified with an explicit and concurrent focus
on adolescent eating behaviours and alcohol consumption. Further exploratory work is needed to
examine the links between food and alcohol in young people’s emotional, social and cultural lives.

Keywords: adolescent; eating; alcohol use; qualitative research; systematic review

1. Introduction

Excess body weight and heavy alcohol consumption are two of the greatest contributors to
global disease burden in high-income countries [1,2]. Despite reductions in the overall prevalence
of youth drinking in recent years, risky or heavy alcohol use remains the leading cause of death and
disability-adjusted life years in both 15–19-year-olds and 20–24-year-olds globally [3]. Meanwhile, the
number of children and adolescents (aged 2–19 years) overweight or obese in developed countries is
estimated to be 24% of boys and 23% of girls [4]. Weight status and consumption of alcohol are both
associated with a number of negative social, emotional and cultural outcomes during adolescence and
early adulthood such as risky sexual behaviour, poor quality of life, negative effects on mental and
physical health, poor educational outcomes, youth offending, and the development of alcohol-use
disorders [5–12]. Further, weight gain during adolescence may to lead to disordered patterns of
eating and overeating, reported to be triggered by social and emotional factors, and in particular,
bullying [13,14]. Body mass index (BMI) and alcohol consumption interact, with a steeply elevated risk
of liver disease observed for those with both high BMI and alcohol consumption [15]. Heavy drinking

Nutrients 2019, 11, 1914; doi:10.3390/nu11081914 www.mdpi.com/journal/nutrients5
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is also associated with greater waist-hip-ratio in mid-life even when taking other lifetime influences
into account [16]. Adverse health behaviours such as risky drinking and unhealthy eating begin
to cluster during adolescence [17], and both have been demonstrated to track into and throughout
adulthood [18–20].

A growing body of quantitative, epidemiological data has identified that energy intake from
alcohol, type of beverage, and drinking pattern (i.e., high volume, high frequency) can contribute
substantially to total energy intake, and are associated with excess body weight and weight gain amongst
adults [21–23]. Current results from the National Diet and Nutrition Survey Rolling Programme
(NDNS RP, Years 1–9, 2008/9 to 2016/17) demonstrate a downward trend in the percentage of people
consuming alcohol for all age groups surveyed [24]. This was statistically significant for adults aged
19–64 years (−2% per year) and for girls aged 11–18 years (−1% per year). However, for those who
consumed alcohol, there was little change over time in alcohol intake as a percentage of total energy.
The exception was the 11–18 years population group, where there was an average yearly decrease of
0.3 percentage points. For young people specifically (children aged 11–18), data from 2014/15 and
2015/16 of the NDNS programme highlights a mean average of 0.5% total energy intake from alcohol
per day [25]. A recent systematic review and meta-analysis demonstrated that, across 22 identified
studies, with 701 participants, alcoholic beverage consumption significantly increased food energy
intake and total energy intake compared with a non-alcoholic comparator, suggesting that adults do not
compensate appropriately for alcohol energy by eating less, and that a relatively modest alcohol dose
may lead to an increase in food consumption [26]. Further, focusing specifically on young adulthood,
and using pooled cross-sections of the 2008–2014 Health Survey for England and the Scottish Health
Survey, Albani et al. (2018) found young adults aged 18–25 drinking the highest levels of alcohol on
a single occasion were more likely to be obese than those with the lowest intake [27]; whilst Giles
and Brennan (2014) highlighted that young adults make ‘trade offs’ between alcohol consumption,
physical activity and eating patterns, by seeking to compensate ‘unhealthy’ behaviours with healthier
ones [28]. More recently, Scott et al. (2019) identified that cultural, physical and emotional links
between food and alcohol consumption were an unquestioned norm among 18–25 year-olds in the UK,
with young adults calculating risks to weight, appearance and social status rather than to long-term
health (in press). The latter study remains the only study to date to utilise qualitative data to examine
the deeply interconnected nature of eating and drinking behaviour.

A number of influences on diet and drinking behaviours in young people (those under the
age of 18) have been identified, and appear to cut across both behaviours. These include food and
alcohol environments (including commercial factors such as urban space, price, promotion, and access),
sometimes described as the ‘foodscape’ or ‘obesogenic’ and ‘intoxigenic’ environments, peers, family,
and socio-economic status [29–39]. Further, there are emotional, social and symbolic benefits for young
people to participating in both unhealthy eating and alcohol consumption practices for young people
such as perceptions of pleasure, distinction and identity, or social status [40–43]. For example, a recent
UK longitudinal study of young adults found that, contrasting with a recalled lack of concern in
mid-adolescence, body-consciousness and weight-related concern generally increased around the time
of school-leaving (traditionally aged 16) [44]. The authors suggest that this change resulted at least in
part from increased autonomy and control over their own diet and the acknowledgement of health as
personal responsibility.

Nevertheless, whilst extensive bodies of qualitative literature explore the influences on young
people’s eating practices and alcohol consumption, respectively, to our knowledge, no qualitative studies
explicitly focus on how young people’s eating and drinking behaviours interact and intertwine. This
systematic review and qualitative synthesis aimed to address this evidence gap by bringing together two
separate bodies of qualitative research evidence to examine young people’s (aged 10–17) perspectives
on socio-cultural, interpersonal and structural influences upon unhealthy eating behaviours or alcohol
use. Most existing reviews focusing on health behaviours answer a very specific question, such as
alcohol industry efforts to influence alcohol marketing policy [45] or barriers and enablers of healthy
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eating in young adulthood [46]. Therefore, it was not deemed appropriate to synthesise from these
reviews as a ‘review of reviews’. Instead, our intention was to capitalise on what is known from
independent streams of research, enabling analysis and comparison across two associated fields of
study. Thus, our primary review question is to derive socio-cultural, inter-personal and structural
factors from a systematic review and synthesis of qualitative literature that might influence young
people aged 10–17 among whom risky drinking and unhealthy eating co-occur, and subsequently,
utilise review findings to develop a model structure of common underlying influences which cut across
both behaviours in this population group.

2. Materials and Methods

The study protocol was pre-registered (Ref: CRD42017060624) [47] in compliance with the
‘Preferred Reporting Items for Systematic Reviews and Meta-Analyses’ (PRISMA) statement [48].
Whilst the Joanna Briggs Institute (JBI) approach was not adopted, and this review was not registered
as a JBI review, it was carried out using data extraction and quality appraisal tools designed by JBI.

2.1. Eligibility Criteria

The following studies were eligible for inclusion: studies that reported primary data of any
qualitative design and which explored the views of young people (aged 10–17 inclusive) on factors
which shape their eating behaviours or alcohol consumption. Mixed method studies were considered
eligible if findings from qualitative study components were reported in full and were distinguishable
from other findings. We included studies published in English, from 2006 onwards. This date limit
reflected limited time/resources for the review. Age criteria was determined using the age range cited
in the study or mean age at interview. For longitudinal studies, this was the age at recruitment and/or
first interview. If results were analysed separately for groups of different ages, and studies included
younger children or participants aged 18 or more, only data relating to those aged 10–17 were extracted.
If these data were not easily distinguished from other findings, the study was excluded. Unpublished
data, abstracts, conference proceedings and studies that did not include primary evaluation data (e.g.,
protocols, reviews, editorials) were excluded from the review. Studies were excluded if they: (a) sought
and reported the views of others (e.g., parents) rather than young people themselves; (b) analysed texts
alone (e.g., discourse analysis); (c) used self-report or researcher-administered surveys, including those
analysing data from open-ended questions. We also placed restrictions upon the study population,
and studies were excluded if participants: (1) required specialist treatment for alcohol dependency or
weight loss and gain; and (2) were pregnant or breastfeeding adolescent women whose current eating
pattern was time-limited and not reflective of usual diet behaviours.

2.2. Search Strategy

In accordance with the SPIDER tool [49], the search strategy was split into five core concepts.
This search strategy is documented in Supplementary Table S1. Nine electronic databases (MEDLINE,
Scopus, PsychINFO, Sociological Abstracts (via ProQuest social science premium collection), CINAHL,
ERIC, IBSS (via ProQuest social science premium collection), and Web of Science Core Collection)
were searched from January 2006 to October 2017, using appropriate thesaurus headings and title or
abstract keywords. Studies retrieved included Online First articles. Electronic database searches were
supplemented by searches of Google Scholar, checking reference lists cited by included studies and
checking reference lists already held by the study team.

2.3. Study Selection and Data Extraction

Figure 1 provides a visual representation of the methodological process, according to the PRISMA
framework [48]. The title and abstract of all records retrieved were downloaded to Endnote X7 and
independently screened by five reviewers (SS, ELG, DNB, KB, NC), with full-text copies of potentially
relevant papers retrieved for in-depth review against the inclusion criteria. The JBI Qualitative
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Assessment and Review Instrument (QARI) was adapted to an Excel spreadsheet to facilitate data
extraction, with JBI SUMARI (JBI, Adelaide, SA, Australia) used to code and store thematic data. Data
were extracted on: the phenomena of interest, methodological approach, conceptual or theoretical basis
underlying the study, participant characteristics, and findings of significance to the review. Full-text
screening and data extraction were carried out primarily by one researcher (WE) and checked by
another (SS). Discrepancies were resolved by discussion and referral to an additional member of the
review team.

Figure 1. Flow chart showing study selection process.

2.4. Data Synthesis

Participant quotations and text under the headings “findings” or “results” were extracted from
identified papers and entered verbatim into the JBI SUMARI software, where data was stored and
coded. As our review involved bringing together two fields of literature (alcohol consumption and
eating behaviour), we first coded papers which focused on alcohol use, followed by papers which
focused on eating behaviours. Finally, we compared all themes recorded in order to identify those
common only to both consumption behaviours. Based on Thomas and Harden’s thematic method [50]
and informed by the principles of meta-ethnography [51,52], qualitative synthesis involved three
core phases: line-by-line coding of findings, development of descriptive themes, and development of
analytical themes. Themes and concepts identified were explored for convergent or divergent cases,
using a process referred to as reciprocol translation, similar to the constant comparative techniques
used in primary qualitative research. In this way, the synthesis presented here is intended to move
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beyond the identification of second-order constructs (interpretations offered by the original researchers)
and towards the development of third-order constructs (new interpretations beyond those offered
in individual studies). Key concepts and contextual details were recorded to help understand the
interpretations of every paper; regular meetings were held to discuss disagreements at all stages
of assessment, but most notably, to discuss the themes and subthemes that arose from the data
synthesis stage.

2.5. Quality Assessment

Included studies were assessed for quality by two independent reviewers using the 10-item JBI
Qualitative Research Checklist, available via JBI SUMARI software (SS, WE). This checklist evaluated
different domains of each study including appropriateness of study design, data collection techniques
and analysis methods employed. Analysed together, these 10 questions determined the quality of each
paper. Although no quantifiable scoring system exists for this checklist, the researchers created one to
aid the process of quality assessment. Every question was allocated a score of 1 and each paper was
scored out of a maximum of 10. Studies scoring 8 or above were deemed high-quality papers; studies
that scored 6 or 7 were categorised medium quality. All studies that scored 5 or less were deemed
low-quality papers and subsequently, excluded from the review. There were no disagreements in the
assessment of methodological quality between the two reviewers.

3. Results

3.1. Description of Included Studies

The search provided 24,327 studies for screening, of which 23,900 were excluded during title and
abstract screening. A further 364 studies were excluded during full-text screening (n = 427, completed
by WE). Ten percent of studies assessed at full-text stage (n = 43) were double-screened (by SS). Of these,
63 studies matched full inclusion criteria. One further study was deemed low quality and later removed
after quality appraisal, leaving 62 included studies (see Figure 1). The characteristics of included
studies can be found in Supplementary Table S2. Of the 62 studies included in the review, 45% (n = 28)
of studies focused on alcohol, whereas 55% (n = 34) focused on eating behaviours. No identified
studies focused on the interaction between alcohol consumption and eating behaviours. Fourteen
papers (23%) were categorised to be medium quality, while 48 (77%) were deemed high quality. The
62 studies represented over 4188 participants aged between 11 and 17 years old. European studies
dominated our review findings (n = 39; 63%). A further nine studies (15%) were carried out in North
America; four in South America (6%); four in Australia (6%); five in Asia (8%). Only one study was
carried out in Africa (2%). The study settings varied among the papers but the majority recruited
adolescents from schools. The findings presented below focus only on overlapping and divergent
factors which influence alcohol-use behaviour and eating behaviour for young people aged 10–17, and
which might be particularly pertinent for further study amongst those for whom these behaviours
co-occur. Analysis yielded five themes: (1) alcohol and unhealthy food can be used by young people
to overcome personal problems; (2) young people felt that unhealthy eating and alcohol use are fun
experiences; (3) young people chose food based on taste—this is not the case for alcohol; (4) exercising
control and restraint over eating and drinking behaviours; and (5) alcohol and food choices can be used
by young people to demonstrate identity. Themes are illustrated narratively below with representative
quotes from the original studies.

3.2. Alcohol and Unhealthy Food Can Be Used by Young People to Overcome Personal Problems

Study participants reflected on emotional and personal issues that they wanted to overcome
through drinking or eating. Young people explained how they used alcohol to forget their
problems [53–55] or to overcome sadness and “drown their sorrows” [56]. One participant reflected on
her drinking experience and the reasons she drank (“Once I was drunk because I was depressed; parents
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were in conflict, the brother ran away from home, and I quarreled with my boyfriend...”) [55]. Personal issues
play a key role and one participant mentioned how (“Life can go wrong and they begin to drink or to regret
something. also, to forget. I think that’s the reason”) [53]. In this way, alcohol was a cushion that can be
used for comfort in tough situations as (“ . . . it’s a way like any other to forget or to let off steam, it depends
on the person”) [54]. Similarly, young people also used food as a way to relieve stress [57,58] and to
push away negative feelings or emotions: (“If something has happened to you, and you really want it to go
away. I eat, I comfort eat, and I listen to music”) [57]. Participants were aware of their actions and the
use of food to overcome depression. Interestingly, one participant mentioned how comfort food can
be used if (“ . . . you are depressed. It feels like the food is there for you when no one else is around”) [57].
For this participant, these foods were replacing the human interaction he needed. Participants did not
specify which type of food they ate in these circumstances, but they were concerned that (“comfort food
is probably not the healthiest stuff right, but it’s what you want to eat”) [58].

3.3. Young People Felt That Eating Unhealthy Food and Drinking Alcohol Are Fun Experiences

In a number of studies, young people highlighted the joy they experienced when eating unhealthy
food [59,60] and drinking alcohol [55,61–64]. Certain foods and snacks were most enjoyable (“For each
night five days in a row you probably would get Snickers, Twix, bag a chips, and a soda, and probably a night
for every day that week. Or switch up on the candy, and the soda . . . ”) [65]. When asked which food type
excited them most, participants were more excited about eating unhealthy options, such as junk food,
than eating healthy food. The taste of food was an important motivating factor underlying this choice
(“Yeah. If you see a basket of fruit, you’re like “Oh. Fruit” [Spoken in monotone]. You know, we’ve had fruit
forever. And then you see Cheetos® and you’re like, “Wow! Food! Like, real food” [Spoken enthusiastically]. For
some reason, junk food is better”) [60]. The word “fun” was used to describe the experience of eating
foods such as crisps and this was particularly the case when young people got together with friends at
events such as sleepovers or parties. At these events, there was a focus on enjoyment and relaxation
and unhealthy options were more appealing (“Because [if my friends are] at a place, like at a sleepover, they
don’t want to have healthy food. They want to have junk food because they just think that it’s funner [sic] to have
junk food than healthy food”) [59].

Similarly, drinking was also described as a fun experience, to have a “good time” [61] and to “relax
and loosen up” [43]. A gathering or party was expected to be much more enjoyable when not sober
and so some started drinking early on in the night [63]. Alcohol also allowed young people to talk
with no boundaries and to be carefree around their friends [66]. Thus, they appreciated the change in
behaviour that drinking offered (“I’m not saying it’s a habit, but when you go to a party, yeah you just go
there to have fun and enjoy the atmosphere. You’re free not to be yourself and to let yourself go”) [67]. On the
other hand, if alcohol was unavailable at a party, this negatively impacted young people’s attitude
towards that event. Without the alcohol, the party was not the same (“Often, many kids associate fun with
alcohol in the sense that if a party is alcohol-free it’s usually a party no one attends, because if there’s no alcohol
then there’s no fun. I don’t think it’s true though”) [62]. Across studies, participants dismissed the negative
consequences of drinking alcohol that might follow a heavy session of drinking. Instead, young people
focused on having a good time and convinced themselves that the negative consequences would only
happen to other people. One participant highlighted that when things did go wrong, young people
would “trick themselves into thinking it’s brilliant . . . ” [61]. For this reason, participants continued
drinking anyway and described themselves as “courageous” for doing so [55].

3.4. Young People Choose Food Based on Taste—This Is Not the Case for Alcohol

Fifteen studies discussed the importance of taste when it comes to eating food [60,68–80]. For many
young people, healthy food has an unpleasant taste (“Healthy foods all taste awful. The manufacturers
want to sell more unhealthy foods. Therefore, they add a lot of additive to make the food tasty. These foods make
us feel good. The taste is exactly what we want”) [70] with some arguing explicitly that food “gotta taste
good” if they are to continue to eat it [71]. One participant highlighted that “ . . . Once I begin to eat
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[unhealthy food], I cannot stop” [70] and craving ‘addictive’ foods was a regular occurrence (“I crave
the taste of soda in my mouth, especially when I see someone else drinking it”) [60]. Further, young people
acknowledged that this does not always signal hunger (“Like the other day at lunch we were walking past
Annie and she had a burrito. I wasn’t even hungry, but she had it so I was like, ‘Can I have a bite?’”) [60], and
the calorie count of unhealthy food was of secondary importance where taste was concerned (“I don’t
really care how high the calories are as long as it tastes good”) [74]. The taste of alcohol, on the other hand,
was described as bad (“I thought that it should taste great but after I drank it, wow, it tasted horrible. I have no
idea why people drink. I will not drink again”) [66]. Across several studies, participants questioned why
young people drank when the taste is so undesirable [66,81]. However, unlike the consumption of
unhealthy food, where taste could be described as pleasurable, alcohol was predominantly consumed
for social purposes and with the primary objective of intoxication (“Most people drinking like that in
ninth grade don’t drink because it’s good, they drink to get drunk”) [81].

3.5. Exercising Control and Restraint over Alcohol and Unhealthy Food Consumption

For most participants drinking alcohol at social events was expected. Although they did it to
experience fun and enjoyment, drinking alcohol was not always a good experience for them, and
experienced negative consequences, which they reflected on (“The worst feeling is being sick like and then
trying to be sick and then bringing up all the beer n all or whatever you’re drinking. It’s terrible”) [82]. Such
negative events and consequences left some young people questioning why they drank and whether it
was a truly enjoyable behavior (“I think drinking’s good and then it gets worse. Like if you get completely
paralytic then where’s the fun in that?”) [82]. Many participants mentioned the desire to control their
drinking habits [54,55,62,63,66]. Thus, self-control and having a “good head” [54] were important factors
that young people considered when drinking alcohol (“You’ve got to restrict yourself, you’ve got to have a
certain amount of self-control to go to these parties. Like at a party you go to you don’t have to necessarily get
drunk, you’ve just got to drink the right amount, so you have fun with your friends, you don’t throw up and
you’re ok”) [62]. Becoming uncontrollably drunk at parties was criticized as “ . . . stupid and just trying to
show off and it’s not rational” [62]. Nevertheless, to stop or not initiate drinking alcohol was a social
challenge and very difficult to achieve. Thus, one young person highlighted that “when I try to quit
drinking, the alcohol always wins” [55]. Therefore, to prevent alcohol from winning over their habits,
narratives from young people centered on ‘knowing your limits’, achieved through experimentation
and practice, almost akin to ‘learning’ how to drink alcohol (“You know your own limitations when you
drink alcohol, and my friends know their limitations too. When you are aware of your own boundaries, you know
when you need to stop”) [66]. The concept of self-control was predominantly associated with studies
focusing on alcohol consumption. Just one of 34 studies focusing on eating behaviours mentioned
self-control [73]. In this study, one participant spoke of the hunger associated with excess intake of
sugary foods (“I see it is that when I eat something sweet, I’ll be hungry for more so it is difficult to manage, so
I try to stop”). Another participant vowed to take action and stated that “from now on I’d like to eat fruit
instead of a cake in the evening”.

Other people also appeared to exercise control over young people’s drinking and eating behaviours.
Some young people encouraged each other to drink within their limits (“We do tend to emphasise to each
other that you should know your limitations so if someone doesn’t know his limits then we would be he’s not
really that cool to hang out with...I guess there is a borderline between funny and embarrassing...like the new
people who come in sometimes they go over the top of it and then they know that that’s not really the way to
go, so they kind of buckle down next time”) [63]. However, peers can also be a negative influence upon
behavior and some young people described being ‘coerced’ by friends to drink and gave in so as to
avoid looking ‘bad’ [83]. In this particular study, much was attributed to the dynamics of the social
group as drinking habits developed at a time “when all the groups are forming...so then you want to fit
in...so then you feel the pressure to do what everyone else is doing so you’re like them” and participants feared
that “ . . . if I didn’t drink they wouldn’t want to hang out with me anymore”. Wanting to be accepted as part
of a social group was also addressed in other studies [81,84] and participants explained that “It’s kind of
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what you have to do to be a part of the group. There are lots of people experiencing such pressure. If you want
to be one of the cool people, then you need to just start doing it—to try alcohol and do stuff you don’t want to
then” [81]. Young people were not always happy to consume alcohol but saying “no” to their friends
was difficult to do [85]. Commonly used phrases such as “ . . . ‘ah, go on, give it a try’ . . . ’” [62] or “
. . . try it, try it” [84] were employed by their friends to push them into trying a drink. Participants
discussed being initially hesitant to try alcohol, especially if they did not intend on drinking it at a
certain event. Choosing not to drink came with its own stigma and resulted in teasing and bullying (“
. . . people will start to tease you and all stuff like that, people are a lot meaner now, and if you don’t do the same
what they do, they’ll start to pick on you . . . ”) [61]. Name-calling was another tactic used such as “ . . .
oh you’re a chicken . . . ” [83] and some young people ended up drinking to please friends and avoid
ridicule [86]. Some attempted to use excuses such as having to participate in sporting activities the
next day and the need to remain sober, although this rarely worked to their favour (“like if you say [to
your peers] I’m not going out [and drinking] because of netball, you’ll like cop a bit of flack for that...because they
[peers] don’t understand the pressure to perform...and your performance would be like totally affected [if you
drank]...there’s been a few times where we’ve gone out not intending to drink and have ended up drinking”) [86].

Pressure relating to eating habits was discussed in several studies [40,60,70,71,87,88]. One
participant highlighted how “My friends are all around me eating good [unhealthy] food and I’ll be like, “Oh
I’m gonna buy that. I wanna go get one too.” Either you won’t eat or you’ll have the junk food” [60]. Eating
food that was deemed undesirable by the social group also had negative social consequences for young
people including gossiping or teasing (“If you don’t eat it while others are eating, you appear to be different
from others. Others may say something [bad] behind your back”) [70]. Eating healthy food or home-made
packed food resulted in ridicule (“[Some teenagers] just don’t eat [healthy food] in front of other people.
They’re probably afraid they might get teased”) [59]. Therefore, to avoid this, young people opted to buy
food from the canteens at school, just as their friends did (“I do not know. I believe that they might think
that people will assume that their mums are preparing sandwiches for them. People feel more comfortable buying
food from the canteen like everyone else, rather than having home-made food, even if it is healthier. If someone is
eating a home-made sandwich, he might think that the others are going to make fun of him”) [87]. Not only
was there pressure to eat unhealthy food, but young people also felt pressured to buy expensive foods
as eating cheaper foods might mean “[peers] give you dirty looks and talk about you to your friends” [40].
As such, participants suggested that eating cheaper brands may indicate that they are “ . . . poor or
something. Not exactly poor but not a lot of money” [40]. Yet, peer influence appeared to work both ways,
albeit heavily dependent on the choice of friends young people kept. In other words, peers who ate
more healthy food, in turn, influenced their friends to eat healthy (“I was eating heaps of unhealthy food
then and I’d see people, like, bring in heaps of fruit and then I noticed that I was eating unhealthy, so I changed to
their foods”) [88].

Perversely, overeating and drinking to excess were also frowned upon, leading to a social ‘tightrope’
that had to be navigated in order to fit in. Several studies addressed young people’s attitude to
overeating [40,68,77,89,90]. Some participants sympathised with overweight and obese peers (“I think
that if you’re overweight, you still belong. I mean, you’re the same as other kids, just a little heavier”) [68].
They argued that overweight young people may be suffering from a chronic disease and should not be
discriminated against [68]. However, others had very negative attitudes towards overweight peers
(“Being overweight is not healthy. You just become so ugly. You are bullied”) [77]. Some young people
were shamed for being overweight (“Yes, if you’re fat in school they call you ‘fatty’ and stuff like that”) [40]
and excluded from team activities at school “so they won’t get picked on . . . girls think that if they’re
fat, they’ll get picked on a lot more” [90]. Further, not only were overweight young people teased for
being overweight, they were also teased when they tried to adopt more healthy food choices to reduce
weight, adding to the complexity of their social situation (“I usually don’t eat at school. I mean, er’body
be eatin’ stuff at lunch that ain’t really healthy, but they ain’t alot a choices. If I eat a salad or somein’ then
they gonna crack on me. They say stuff like “What’s up biggie, you tryin” to lose some pounds’ and stuff. I
dunno”) [89]. Young people were also criticized for intoxication and drunken behavior [54,64,85,91–93].
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Excess drinking was defined by one young person as “ . . . about you getting high, about you getting drunk,
about you not being able to control yourself, about you not knowing, about you not being able to decide on your
own. About you doing stupid things and being different from how you really are, also about you feeling bad the
day after” [91]. Acting out and becoming sick was not appreciated by peers, especially when at house
parties (“you don’t want them inside while they become sick”) [64]. Young people even chose to exclude
peers from events if they continued to drink excessively and were disruptive (“We won’t invite you
again if you can’t control it. You shouldn’t drink any more now”) [93]. Some participants found drunken
behaviour both “disgusting” while still being “hilarious” to watch [92]. Nevertheless, negative attitudes
remained (“Above all, in my opinion, a twelve year old girl who drinks many glasses of vodka only makes
herself look ridiculous, because no one could hold that”) [54]. Females, in particular, were criticized for
being promiscuous when drunk and were looked down upon. They became a topic of conversation
among their peers (“She went skinny-dipping with another man”) [92]. Further, it was female peers who
were particularly vocal about this behavior (“I’m not a fan of girls who get really drunk and then do things
[of a sexual nature] with guys and then blame it on the fact that they were drinking...I really don’t like that
because I kinda go, well I’d never get to that point”) [86].

Such pressure on eating behavior and alcohol use often led to young people conforming to fit in
with others (“I simply go with the flow of my era and I do not confine myself to eating beans, for instance. That
is a ‘no-no’ for our times. I am a follower of today’s fashions. Young people today believe in eating in Pizza Hut,
hamburgers, etc. [pause] this shows that I am ‘in’ and not cut off from the rest”) [87]. In relation to alcohol,
they tended to drink in the same ways in order to reach the same consumption level (“It is so much
more fun when all of us are on the same level—when there isn’t anyone higher or lower than the rest of us”) [94].
This was not something they always wanted to partake in, however, they choose to do it regardless of
whether they liked the experience or not (“It happened to me as well, we were at the beach, we ate there, I
don’t like beer, but everyone drank and then I took the beer and drank it all and bleah”) [54]. Those who did
not drink were excluded from social events with their peers and were described as “weakling” or “a
loser” [55], placing immense social pressure on adolescents to participate in drinking sessions as they
did not want to “ . . . just stand there looking” while everyone else drank alcohol [84]. For many this
was “ . . . a bit embarrassing” [66]. Instead, the social norm for adolescents was to drink and be “ . . .
caught up in the spur of the moment. You see all your pals drinking and . . . then you end up just joining in with
them” [61].

3.6. Alcohol and Food Choices Can Be Used by Young People to Demonstrate Identity

Drinking alcohol allowed young people to demonstrate a sense of identity, be perceived as cool,
and to be praised for it (“ . . . your friends think you’re great, and they’re good if you drink . . . ”) [55]. Part of
maintaining a “cool” image was to show off in front of friends and “brag” about drinking while being
underage [95]. This helped them appear tough in front of their friends (“They want to make themselves
look hard, like oh yeah I drink”) [83]. Young people tended to exaggerate their drinking experience and
this in itself was perceived negatively by their peers (“They’re loads of people who come in the next day,
they exaggerate so much and they’d be like, ‘Oh I drank two bottles of Buckfast and two wee bottles of vodka’ and
all this shit like you would be dead”) [95]. Coolness, popularity and being trendy were interlinked (“It’s
because it’s the fashion. It’s the fashion that we get drunk every weekend (laughter)!”) [84]. Not everyone
shared this sentiment and one participant had a different view (“Young people only drink because it’s
supposed to be cool. They are trying to act tough in front of groups of guys or girls. That they kind of “yes, we are
drinking and we are really cool”. That was how it was earlier but now, at least in our grade and maybe ninth grade
as well, they have started to think that it is really childish to stand there trying to be tough by drinking”) [81].
Nevertheless, the majority of young people who drank remained popular and influential among their
peers (“If one starts who may be popular and others, like, fancy him and think that he’s cool. And if he starts,
like, to drink, then he might influence a lot of other people. Because they want to be in his group”) [91].

Being ‘cool’ and demonstrating a sense of identity was also an important factor when choosing
which foods to eat around their peers [40,69,87]. Certain foods such as sweets or fast food (for example,
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hamburgers or pizzas) were viewed as trendy (“YES, YES the Mac style is more modern. It is more in,
modern for young people”) [87]. Young people felt pressure to “be cool and be like everybody else—It is just a
chain reaction” [69]. Subsequently, those who chose other food options such as home-made and healthy
options were ostracized (“The one who eats healthy food will be more of a dumb person . . . [He] cannot
be modern or cool”) [87]. This extended beyond simply eating certain foods and included how food
products looked or were branded, and how they could be eaten (“You wouldn’t have a yoghurt I don’t
think because then you’d have to have a spoon!” “Yes.” “That is not cool.” Moderator: “Spoons are not cool?”

“Not.” Moderator: “Really?” (All laughing) “You look stupid getting a big metal spoon out of your bag.”) [40].
One participant highlighted that part of the appeal of eating certain unhealthy food products was the
ability and ease of sharing it with friends. This built social bonds and cemented popularity among
peers (“But people are more excited when somebody brings sweets—you are more popular. It is easier to say do
you want to have a piece of chocolate than do you want a bite of my apple”) [69]. Media and advertisements
played an influential role in choices of food and alcohol brands. Young people highlighted the role of
advertising and social media in promoting certain alcohol brands [63,79,86,96]. Alcohol promotion
lingered in the memories of participants (“Ad[vertisement]s for Smirnoff are really classy and you really
want to drink them ‘cause they look awesome. Because everyone’s doing it [drinking Smirnoff] you want to
do it too”) [86]. Participants were curious to discover the taste of the drinks that were promoted in
advertisements and certain brands conjured up a persona that young people wished to imitate (“I seen
one of the adverts off Jack Daniels...I was like ‘oh I wonder if I’d do that if I’m on Jackie D’s’ and I just had to get
a bottle of Jackie D’s and nowt happened...I liked the taste of it and that. Same with Southern Comfort. I’ve
seen the advert for that and I was like ‘oh’ and decided to have a drink of it”) [63]. While advertisements
promoted both healthy and unhealthy food, those that focused on unhealthy food were perceived as
more exciting and fun (“The advertising promotion of unhealthy food is very good. For example, a candy is
able to change the color of your tongue. There are always some new foods coming up. Young people will find them
playful”) [70]. Like the alcohol industry, the food industry also focused on the fun aspects of eating
unhealthy foods. The lifestyle associated with this was more appealing to young people (“Well, they
advertise it a lot more than fruit. Like have you seen the swirly commercial? The kid comes home and his hair’s
all crazy because he goes on a roller coaster. And he is the guy that makes it all fun. You know, it’s like we’re
gonna go on a trip and eat these Cheetos®”) [60].

In many studies, young people wanted to be viewed as mature individuals (“We started to party in
the seventh grade and I have always felt, how should I put it, a bit ahead of the others . . . a bit older . . . Some
of the others have only just started to party now”) [97]. They wanted to drink alcohol to mimic adults
and be viewed as more mature individuals by their peers (“Drinking is associated with being an adult,
like you know, smoking, doing all those things which like adults do, if you are younger and you do the things
adults do then it makes you seem older and I think that’s what they want”) [83]. This helped young people
to “feel superior to others. You feel great!” [84]. Boasting about drinking experiences helped elevate
this feeling and participants used phrases such as “I got totally smashed” [84] to help them feel older
amongst their peers. Part of appearing older was choosing different types of alcohol beverages (“when
I get older I’ll start drinking beer and wine...I think they’re classy drinks like they’re drinks you’ll have at a
restaurant rather than the one that like you drink at a party”) [86]. On the other hand, unhealthy eating
habits were associated with being young and modern; such young people were viewed as attractive
and independent (“When you have delivery food you show a different character, more outgoing and attractive
than having home-made food prepared by your mum or grandmother. You come over as a person with a degree of
independence who does not depend that much on his family; you look cooler”) [87]. Healthy foods were eaten
by more ‘mature’ young people and, unlike alcohol use, this was an undesirable trait to have (“I think,
it’s more mature to say that you want a piece of fruit—and then if somebody asks if you want to go downtown for
a bag of crisps, that’s what you’ll do”) [69].

Ultimately, young people wanted to “feel like being grown up and to be the coolest person in school” [91].
Achieving this balance was complex, and participants believed that they would change their drinking
and eating habits as they grew older (“When I’m older, I’ll probably still drink, but not to get drunk, just to
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enjoy it, whereas at the moment I’m probably just drinking to get drunk”) [83]. Thus, despite knowing the
negative health risks of excessive alcohol intake or unhealthy eating behaviours, participants did not
appear concerned. For alcohol, young people were concerned about more immediate consequences
such as having a hangover or being caught by the police for a misdemeanor (“ . . . young people think
about the short term more than the long term because they think about what they’re going to look like right
now, than think about what will happen when they’re older.”) [61]. The role alcohol played in bodily harm
or long-term diseases were of secondary importance to young people, with these findings mirrored
in studies looking at unhealthy eating habits [87,98]. Instead, body image was a greater and more
immediate concern than future health risks (“We probably should be thinking about our health, but personally
I think more about my body . . . If I eat something that’s unhealthy I think, Oh no! That will make “me fatter”.
I don’t think about my future health”) [98]. Peer influence also appeared to have a role to play. One
participant described that her peers may dismiss health concerns related to unhealthy eating habits.
They would even tease more health-conscious young people who choose to eat more nutritious foods
(“ . . . you are afraid that something will happen to you, so they might make fun of you that you are afraid and you
worry about your health. They might say that: ‘We are young and we do not care about all these things’”) [87].
Further, young people expected to change their eating and drinking habits as they got older. For
example, they differentiated between teenage drinking and adult drinking. While they assumed that
young people drank to get drunk, they did not expect this behaviour from adults as ‘ . . . adults are more
in control than young people’ [81]. Adult drinking was associated with meals and family gatherings and
participants believed that, unlike their own behaviours, the “[adults are] done running around partying
and drinking” [81]. One participant argued that this was because “ . . . when you grow up you become
smarter . . . ” [62].

4. Discussion

This review and qualitative synthesis demonstrated that there are a number of socio-cultural,
interpersonal and structural influences upon young people’s (aged 10–17) unhealthy eating behaviours
or alcohol use which cut across both behaviours. Studies included in this review suggest that young
people regularly feel pressure to drink alcohol and eat unhealthy food, particularly when around their
peers. There appear to be clear social consequences and image concerns when it comes to the restriction
of either of these behaviours, leading to navigation of what could be described as a social ‘tightrope’. In
other words, young people must fit in but not go overboard. In relation to alcohol use, those who do not
drink as well as those who drink too much can lose favour with peers. This paradox has previously been
described among young adults as ‘calculated hedonism’ [99]. Similarly, those who eat too healthily, as
well as those who over-indulge, and become overweight, can be subject to ridicule, suggesting that
young people must consume in very specific, rigid ways in order to be accepted. For many, this may
be an impossible feat, with clear impacts on young people’s physical and mental health demonstrated
in wider literature [100,101]. Such pressure to behave according to narrow, pre-defined categories
appears to be reinforced by wider structural mechanisms, including but not restricted to, social media
use [102] and commercial drivers, such as product marketing [36,103]. Previous work suggests that
marketers (‘big alcohol’ and ‘big food’) reinforce aspects of the social ecology by encouraging links
between alcohol, food and aspects of identity, culture and personal reward [63,104]. Indeed, this
relationship is well underway in some young people by mid-adolescence [105]. However, this is an
iterative rather than linear relationship. In other words, industry feeds off young people’s concerns,
as well as leading them, meaning that it may be difficult to disentangle the ‘real’ concerns of young
people (‘knowing your limits’) from those seeded by industry through marketing and ‘educational’
programmes, including alcohol programmes which are run in UK schools, and affiliated with industry
(such as ‘Drinkaware for Education’). Further, commercial determinants have seen expansion in
recent years into new directions such as energy drinks and gambling [106–108], and warrant further
exploration in future research. Such exploration should examine the holistic impact of commercial
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determinants upon young people’s social, emotional and cultural worlds, rather than investigating
these drivers in isolation.

The volume of studies identified by this review means that we have reported only what we
concluded to be major themes. We also reported only themes which cut across both eating behaviours
and alcohol use. This is not to say that there were no other influences on young people’s alcohol
use and eating behaviours. For example, parents and extended family members appeared to exert
an influence on both behaviours within a smaller number of papers. Young people discussed the
importance of a trusting relationship with their parents, the ability to have open discussions about
both alcohol use and nutrition and the role of both parental disapproval and initiation when it comes
to their child’s alcohol use. As anticipated, we found no literature focusing on how young people
consume food and alcohol simultaneously. Yet, one way in which to tackle a growth in obesogenic
and alcohol-related harm may be to examine the overlapping influences in these behaviours at the
point in which they initiate and accelerate (late childhood/early adulthood) and use this knowledge
in the design of interventions which link rather than separate out food and alcohol consumption.
Emergent research with young adults suggests eating patterns linked to alcohol use are not tied only
to hunger but to sociability, traditions and aspects of identity. Further, young adults conceptualized
and calculated risks to their weight, appearance and social status rather than to their long-term health
(Scott et al., 2019, in press); whilst a raft of quantitative studies have identified that energy intake from
alcohol, type of beverage and drinking pattern are associated with excess body weight and weight
gain amongst young adults [21,26]. However, these attitudes and behaviours may well be established
in earlier years, suggesting the need to conduct work examining the detailed links between alcohol
use and eating behaviour with younger age groups. Finally, young people felt that their alcohol
use and food choices would change as they got older, and tended to ‘discount’ potential negative
consequences. Again, this argument is well supported in both fields of literature [109]. Narratives of
delay discounting do not appear to be restricted to adolescence and have been demonstrated to track
into young adulthood [28]. For example, young people in this review acknowledged that the taste of
food was important, whereas the taste of alcohol was not. However, young people suggested that the
taste of alcohol would be more meaningful to them when they were older.

There are several limitations of our review which should be acknowledged. First, we defined
‘young people’ to be aged 10–17. We thought very carefully about this definition. Whilst in some
developed countries the legal drinking age can be higher (aged 21 in USA), we were informed by the
UK legal drinking age of 18. Further, turning 18 has further connotations in young people’s lives. For
example, turning 18 can signal transition from children to adult health services, transitions from further
education to higher education and can mark major life transitions, meaning that the environments
of 16 and 17 year-olds can be experientially different to that of those aged 18 and over. Second,
papers focusing on both addiction and weight control behaviours and syndromes (such as bulimia
and anorexia) were deliberately excluded from our review. We felt that papers in this field focused
on targeted, psychological disorders, whereas our review synthesized literature on wider cultural,
inter-personal and social perspectives on eating and drinking behaviours in adolescence. Third, many
of the papers in this review did not explicitly reflect upon differences between socio-economic groups.
Yet, recent work suggests that socio-spatial patterning of outlets selling potentially health-damaging
products such as fast food, alcohol and tobacco tend to cluster in deprived areas [110]. Further, obesity
and alcohol-related mortality and morbidity are high in socioeconomically disadvantaged populations
compared with individuals from advantaged areas, characterized in terms of occupation, income or
educational attainment [111]. Fourth, due to time and resource restrictions, we did not double-screen
all identified studies at full-text stage. Rather than employ single screening, we took the decision
to double-screen 10% of full-text studies identified in order to add rigour to our review findings.
Further, whilst not all results were formally double screened, the author with responsibility for full-text
screening (WE) discussed any uncertainties and discrepancies across all 427 full-text papers assessed
with the second reviewer (and lead author, SS) at all times. Fifth, we attempted to contact authors

16



Nutrients 2019, 11, 1914

whose papers we were unable to obtain during database searches, with very little success. Finally, we
did not analyse the data according to country of origin and, therefore, cannot make assumptions based
on geographical or cultural traditions or differences.

Findings from this study have important implications for intervention development, as well as
UK public health policy and practice. Themes identified in this review, and in recent parallel work
conducted by the lead author with young adults, will be used to inform a qualitative exploration of
young people’s (aged 10–17) views regarding their eating behaviours and alcohol use. Combined,
review and interview data will be used to develop a model structure, or logic model, of the influences
upon both unhealthy eating behaviours and alcohol use amongst young people. It is anticipated that
this model structure will be used in future participatory design work with young people, which aims to
generate ideas for a dual-focused intervention to reduce alcohol consumption and excess body weight
among young people, and to promote a positive approach to body image, physical and mental health.
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Abstract: Background: Overweight/obesity affects one-third of UK 11–15-year olds. Individually
focussed interventions alone have limited effectiveness. Food choice architecture approaches increase
the visibility and convenience of foods to facilitate the choice of ‘healthier’ foods and reduce
‘unhealthy’ foods. This qualitative component of a School Food Architecture (SFA) study aimed
to determine the perceptions of pupils and staff in relation to school food provision and their
perceptions of the intervention. Methods: Pupil focus groups and staff one-to-one interviews. Topic
guides were developed from literature and in consultation with a Young Person’s Advisory Group.
Thematic analysis was applied. Results: Focus group (n = 4) themes included: dining hall practices,
determinants of choice, and aspects of health. Interview themes (n = 8) included: catering practices,
health awareness, education, and knowledge of intervention. Pupils liked to purchase hand-held,
quick to purchase foods potentially limiting the access to fruits and vegetables. Pupils were aware of
‘healthier’ food choices but would choose other options if available. Conclusions: Schools provide a
daily school meal for large numbers of pupils, with time and dining environment constraints. Pupils
consume 35–40% of their daily energy intake at school, therefore interventions enabling healthier
eating in school are essential, including making healthier choices readily available and accessible.

Keywords: school food; pupils; food choice

1. Introduction

One-third of the 11–15-year olds in the UK are overweight or obese [1]. This has consequences for
their emotional, behavioural and physical health and may result in morbidity and premature mortality
in adulthood [2–4]. The UK government aims to halve childhood obesity rates by 2030 [5]. Chapter
two of the Childhood Obesity plan sets out strategies to address this goal; including a commitment
‘to support all children with high quality nutrition’ [5]. Given the proportion of food that children
eat at school [6], focusing on schools as an environment for promoting healthier food choices [5] has
the potential to influence a substantial proportion of food intake across all social groups and offers
the potential to form new food habits [7]. However, the reduction of overweight/obesity is a complex
challenge. Major areas of concern are high intakes of energy, fat and sugar-sweetened beverages and
low intake of fibre, fruit and vegetables [7]. The UK National Diet and Nutrition survey [8] reports that
free sugars make up 14.1% of the 11–18-year olds daily calorie intake and sugar sweetened beverages
amount for 22% of their diet. Fruit and vegetable consumption averages at 2.7 portions per day.

Encouraging healthy eating in children and young people is multifaceted and influenced by a
myriad of external factors. Food-related decision-making processes are thought to be governed by
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a two-way system: the reflective system is driven by values and intentions; it requires thought [9].
The second, an automatic system requires little or no thought and is motivated by feelings and our
environment [9].

The World Health Organisation (WHO) advocate population-based strategies which seek to
change the social norm by encouraging a change in behaviour to improve health, however, behaviour
change has proved challenging [10]. Current evidence suggests that changing the number of available
food options or altering the positioning of foods could contribute to positive changes in behaviour.
To enable more certain and generalisable conclusions about these potentially important effects, further
research is warranted in real-world settings [11]. One approach to facilitate behaviour change is food
choice architecture; that is increasing the visibility and convenience of foods to encourage the purchase
and uptake of ‘healthier’ foods and reduce ‘unhealthy’ foods [12], and may reduce inequalities [13].
Reducing the cognitive demands of healthy food choice at the point of purchase has the potential to
affect health behaviours [14].

This study aims to explore the perceptions of pupils, teaching and catering staff to school food
provision, and the perceived impact of an intervention which repositioned drinks, cookies and fruit in
the school dining hall.

2. Materials and Methods

2.1. Study Design and Setting

Two secondary schools in North East England participated. The intervention focused on the
placement of fruit, cakes/cookies and drinks. Fruit was placed in front of cakes/cookies and drinks were
positioned according to sugar content, with water now positioned at eye level. Pupils participated in
age-appropriate focus groups and school staff (teaching and catering) in one-to-one semi-structured
interviews. Pupil focus-groups and staff interviews were conducted during the school day on school
premises. Focus groups were facilitated by L.M. and S.S. and lasted approximately 1 h. Staff interviews
were approximately 30 min and facilitated by L.M.

2.2. Participants, Recruitment and Consent

Named contacts for the school were contacted by lead researcher (S.S.) by email or telephone to
request help in organising the recruitment of pupils. A purposive sample [15] of pupils aged 11–16
years were provided with a study information sheet and invited to take part in one of the two focus
groups (per school): ages 11–13 years and 14–16 years. Parent and pupil written consent was required
prior to participating.

A sample of teaching and catering staff were invited by email or telephone to take part in the
one-to-one interview. Written consent was obtained before participation.

2.3. Materials

The focus group and interview topic guides were developed from the literature and in consultation
with the Young Person’s Advisory Group-North East (YPAG). The topic guides can be found in
Appendices A and B. Participants were asked to discuss topics related to day-to-day practices of school
food provision, satisfaction of school foods, perceptions of school regulations relating to school food
provision, perceptions of health, and awareness, if any, of the intervention.

2.4. Data Management and Statistical Analysis

Interviews and focus groups were digitally recorded with the participant’s consent and transcribed
verbatim. Data was analysed using thematic analysis. NVivo software was used to aid indexing and
charting [16]. Guided by the principles of grounded theory [17], the data was repeatedly read and
coded independently by L.M. within a framework of a priori issues identified from the topic guide and
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by participants or which emerged from the data. Regular discussion and review of the analysis by L.M.
and S.S. acted as a quality control measure.

3. Results

3.1. Focus Groups

Eight pupils from each of the two schools (four in each age category; total n = 16) took part in an
age separated focus group discussion. Three themes and 15 sub-themes were identified (Table 1).

Table 1. Themes and sub-themes from pupil focus groups.

Theme Sub-Themes

Dining hall day-to-day practices

� Perceptions of dining hall rules
� Dining hall atmosphere
� Having to wait in long queues
� Knowing the daily menu and offers
� Use of meal deals
� Pre-ordering of food items
� Pupils can buy snack foods
� Some food items sell out quickly
� Monitoring of pupil eating

Aspects of ‘healthy’ eating

� Consumption of fruit, vegetables and salad
� Strategies that would inspire pupils to

eat healthier
� Consumption, restriction and selling of

‘unhealthy’ food options
� Drink consumption
� Pupil perception of healthier eating

School food architecture intervention implementation � Pupils’ perception of dining room changes

3.2. Dining Hall Day-to-Day Practices

Overall pupils were accepting of dining hall practices though there was some frustration over
the length of queues and time they had to wait to be served. The necessity of having to queue often
impacted on pupil’s knowledge of daily menus. Although many items such as sandwiches, pasta
pots and pizza were available daily, pupils found it difficult to know what the hot meals/special offers
would be:

‘You can have a look. When you go in, there’s a big one (menu) on the side but sometimes it’s hard to track
what day it is. When you actually get there (hot food counter), there is a piece of paper and it says what’s on
today’s meal deals (FG4)’.

Although the hot meal deals appeared to be popular among the pupils, as they represented good
value, some pupils reported buying the items such as pizza or pasta pots daily for a speedy decision
and purchase. Despite the popularity of the meal deals, some felt the choice was limited; every day the
deal included a small drink and a cookie but an alternate type of dessert or fruit was classed as extra
which not all pupils had the budget for:

‘I think we should be allowed to get fruit and a drink because otherwise you’re only allowed to get your
meal and fruit. I don’t think that’s right because I think people could be dying of thirst but they want to be really
healthy and they don’t want to get a cookie. That means if you’ve got a drink, you would have to pay extra for it’.
(FG4)

Many pupils purchased food at the morning break, some would keep the item to eat at lunch-time
thus removing the pressure to join the lunch-time queue. Items for sale at mid-morning included
bacon rolls, sausage sandwiches and paninis. Pupils who ate a hot snack at break said that this often
influenced what they might want to purchase at lunch-time:
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‘I just like taking a cookie and then a drink. Sometimes you don’t want a big meal. You just want something
little to snack on’. (FG2)

In one school the purchase of sweet items, such as the cookies, was limited to one a day, the other
school did not appear to impose such limits. Staff reported they were not always able to monitor
the pupil’s purchases because of the multiple till points in the dining hall and separate hall where
sandwiches were sold.

3.3. Aspects of ‘Healthy’ Eating

Pupils of all ages were aware of the importance of eating fruit for health, however, the availability,
price and quality of the provided fruit was not always an incentive:

‘I’m only allowed to spend £ 2.00 a day and like if I want a meal and some fruit I’ve got to pay extra’. (FG1)
Whilst some of the younger pupils said they did not worry about their diet for health . . .
‘Like with me being a younger kid I know what’s healthy and what’s not and I’ll admit I do eat unhealthy

food, but yes, you can say, “Oh eat this instead of this,” but I’ll be honest, we won’t listen because we just think,
“Oh we’re young, we can do whatever we want”’. (FG1)

Pupils were aware of the disconnect between what they were being told and taught and what
happened in reality:

‘I think they have unhealthy foods on display. It’s like you’re telling us to be healthy but you’re showing us
unhealthy food, of course we’re going to choose the unhealthy one instead of the healthy choice which you’re
trying to make us choose. It’s pointless telling us to choose healthy stuff when you’re putting out unhealthy stuff
for us to buy I think’. (FG2)

One school regularly took part in charity fund-raising initiatives whereby staff and pupils were
selling sweets and cakes:

‘Yes, they sell anything that they can make money out of. So at the minute my form has just been selling ice
pops because it’s been really hot. But some are selling donuts, cookies, chocolate, pick ‘n’ mix’. (FG3)

Pupils were generally open for the school implementing strategies to encourage healthier choices
and had some ideas:

‘Lower the unhealthy stuff I think. Like, maybe not make it not every day. Instead of cookies one day have
the fruit pots instead and then one day have the cookies have fruit pots so you’re like, “I might as well have
something healthy since that’s all there is”’. (FG4)

However, when asked if further restrictions should be made such as the blanket banning of certain
foods there was strong opposition, especially in one school where ‘unhealthier’ items were not already
restricted. Pupils said they would just go to the local shops or bring in items from home. Although
pupils understood that fizzy drinks were considered unhealthy, the consumption of ‘juice’ (diluting
juice) was thought to be an everyday necessity:

‘I think you drink juice anyway in your normal day . . . I think it’s unfair if they went no juice because
you’re drinking juice anyway so that’s not really going to make a difference. I think it’s more the food that you’re
taking in’. (FG4)

The pupils appeared satisfied with the choice of the current school drink provision and would not
make any changes. Less acceptable was the current provision of free water. Although pupils in both
schools reported the availability of water fountains there was reluctance to use them:

‘It’s (water fountain) not like one of those ones where you put your cup underneath and press it, which I
think would be such a good idea. There are other ones and it’s like a tiny little bowl about that big with a tap
coming out of it and you press the button and it just trickles out of the top. But people put their mouth around it,
so I’ve never got a drink out of there’. (FG3)

3.4. School Food Architecture Intervention Implementation

The pupils were asked if they had noticed any changes to the dining hall in recent weeks. Pupils
spoke of tables being moved around, walls being decorated and different cheese on the pasta. It was
only with prompting that the pupils spoke about the introduction of the fruit pots:
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‘The fruit used to be put on a plate whereas now they make some effort with presentation, like all cut up and
. . . they do little fruit pots as well’. (FG1)

No other observations were made.

3.5. Staff Interviews

One member of the teaching staff and three catering staffmembers were interviewed from each
school (total n = 8). Eight themes and 25 sub-themes were identified (Table 2).

Table 2. Themes and sub-themes from school staff interviews.

Theme Sub-Themes

School food provision is important
� Pupils have the opportunity of a daily hot meal
� Pupils have access to healthy food
� School food influences pupil’s eating behaviour

School catering practices
� Development of menus
� Complying with school food regulations
� Responding to pupil requests and demands

Types of foods pupils buy
� Snack foods
� Fruit, vegetables and salads
� Things that influence pupil choice

Day-to-day serving practices and issues

� Food pricing and information
� Serving food methods
� Dining hall atmosphere
� Queuing and time limits
� School rules

Drinks and foods considered to be less healthy
� Drink availability
� The consumption of less healthy foods
� The school has rules restricting ‘junk’ foods

Nutrition, health awareness and education � Pupil’s nutritional needs
� Educating pupils about nutrition

Perceptions and knowledge of the school foods
intervention

� Staff understanding of the intervention
� Views of the intervention
� Impact of the intervention
� Negative effects of the intervention

How school food provision could be improved or
enhanced

� School plans to improve school food provision
� School foods improvement ‘wish-list’

3.6. School Food Provision Is Important

There was an overwhelming consensus that providing pupils with ‘good’ food was vital. It was
acknowledged that for certain pupils, a school meal may be the only hot meal they received that day:

‘The school cares about the food here, they’re always trying to improve and do better—give better stuff and
that—everything is fresh’. (ST03)

Showing pupils a different side to food and diet was considered an important aspect:
‘There is a different world of taste and nourishment and healthy eating, and we need to be showing

them—you know, for some children who’ve never sat in a restaurant and eaten good quality restaurant food, that
if we can be that representation in school as much as we can be, with different flavours, different cultural foods’.
(ST01)
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3.7. School Catering Practices

Interviewees spoke of the need to comply with the local council school food regulations. Menus
were developed through development chefs. The importance of knowing what the pupils liked and
would eat was stressed:

‘I think you’ve got to know your kids and your kitchen and know what’s going to sell that day’. (ST02)
Staff recognised that despite restrictions being put in place, for example, the amount of sugar that

cakes, cookies and drinks were allowed to contain, it was not practical to enforce:
‘However, where it falls down, is that, for example, you might see a homemade muffin, which has been made

directly to the (regulated) recipe, but then a student can buy three of them. So there is no restriction on quantity.
A student can buy, what a student wants’. (ST05)

3.8. Types of Foods Pupils Buy

It was acknowledged that many pupils made use of the opportunity to buy hot snack items and
sandwiches at break-time, this often impacted on their lunch-time choices:

‘You have to be careful, because they might have had a bacon sandwich at break and then they want a biscuit
at lunch. There’s still that bit about, “I can have three slabs of cake”. So I think there needs to be a bit more work
done on volume and quantity of what they’re actually buying and do you introduce a healthier way of choices’.
(ST05)

The staff too were aware that many pupils would choose ‘easy’ options for speed and familiarity.

3.9. Day-to-Day Serving Practices and Issues

The complexity of dealing with the sheer volume of pupils at one lunch sitting was an
everyday challenge:

‘Yes, we’ve got a pasta area which is separate. We’ve got a hot service area, which is your main food, a
chicken area, and a pizza area. It does take the pressure off the main hatch, but there is still a massive queue at the
main hatch’. (ST03)

‘It’s pretty busy, because we haven’t got a massive dining hall. Obviously, we’re getting more and more
kids. We only have one sitting at the moment. I think they’re getting rushed with their food. I think it’s like
trying to get them in, fed, and out ready for more people coming in’. (ST04)

The number of pupils being catered for made it impossible to monitor individual purchases, the
school with purchasing restrictions in place suggested they found this difficult to enforce:

‘I think it might just be in the school, you know, and that’s them saying no, one item, breakfast one item,
one drink. And I have seen the children say, “I want two”. “No, you can’t, you’re only allowed one”. Send their
friend back up or the other one, you know. Like sometimes you watch them and think, “You’ve just got that
cookie for him”, but you can’t sort of stand there and argue and say, “No, that’s not for him”’. (ST02)

3.10. Drinks and Food Considered to Be Less Healthy

One school which had ‘junk food’ restrictions tried to adhere to their policy:
‘Yes, so we’ve obviously got food policy in place. We, on a general- around the corridors, at break and lunch,

will take pop and anything like big packs of biscuits, big bags of sweets. We will go into assembly . . . just to
remind- they’re non-negotiable, they’ll be taken off you or parents can come and collect them . . . we monitor it
that way’. (ST01)

Nonetheless, catering staff found the restrictions conflicting:
‘That’s it, there is nothing stopping them going into the quad (separate school food purchasing area) and

getting a cake and a cookie, and then coming back into the dining hall and saying, “I’ll have another cake, I’ll
have a cookie and a flapjack”’. (ST03)

3.11. Nutrition, Health Awareness and Education

The attitudes and pupil’s knowledge of diet were highlighted as being key:
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‘I think we are aware that being in a deprived area, there might be a number of students who haven’t eaten
anything in the morning. There are also a lot of students, even if they could eat anything in the morning, they
don’t and they don’t think that’s a problem. There is still the issue where they might think a packet of crisps is
fine for breakfast’. (ST05)

Providing dietary education to pupils of all ages was considered important:
‘I think it would be better, almost if it was a curriculum requirement within PHSE (personal, social, health

and economic: a school curriculum subject), in every year group, until they leave school’. (ST05)

3.12. Perception and Knowledge of the School Foods Intervention

The catering staffwere able to describe the changes that had been requested of them during the
intervention and reported being happy to comply. There was some surprise expressed by the staff
as the intervention had made them more aware of the drinks being sold and the high level of sugar
contained in some:

‘No, I think everything that they did was great because it opened my eyes, because of the sugar content,
which I was so surprised at’. (ST02)

The subtlety of the intervention was praised:
‘I think the fact that it was subtly done, I think the children weren’t really- it was obviously subconscious

decisions they were making, which I think is about product placement, isn’t it? And preparation for selling that
type of thing’. (ST05)

The introduction of the fruit pots sparked interest and extra consumption:
‘The kids were asking, “Why are you getting all these pots?” Many of the kids did ask, “Oh, are you starting

to do fruit up here. We never used to take fruit up to any other point, bar the main hatch. I think they noticed,
“Oh, I’ll have fruit.” When it’s there, they were taking it’. (ST03)

The increase in fruit purchases was thought to be due to the novelty factor:
‘Sort of . . . Yes. Because it was amazing because they said, “How is it?” And I went, “Absolutely great.”

They did 40 pots, you know, to start off with. Keep on the 40 pots, and then all of a sudden it was like 20 pots,
and I’m saying, “Well, what’s happening? They’re not taking it, they’re (catering staff) just bringing it back”’.
(ST02)

There was some concern that the fruit pots would take longer to prepare, however, it was conceded
that once in a routine the preparation was not onerous.

There were fewer comments regarding the changes in the drink positioning although one school
felt the quantities of water being sold had changed:

‘I thought there was more water, because I’ll tell you why. I was doing the orders and I would get, say, six
cases of water. I upped it to eight’. (ST02)

3.13. How School Food Provision Could Be Improved or Enhanced

At the end of the interview staff were asked to describe their ideas or future plans to improve
school food provision.

‘I’d suggested recently with student council that we give a reward system (for choosing healthier options) if
we see good practice in place . . . . . . like through a prize at the end of term or something like that could be put
into place for that’. (ST01)

4. Discussion

Several barriers to pupils making healthier choices were identified. In both schools, pupils and
staff spoke of the long queues and lack of time to sit and enjoy what was purchased; these issues have
been reported in previous studies and negatively influence the eating experience [7]. There appeared
to be an active intent by schools to provide more convenience hand-held type foods in several locations
that would be quick to access and encourage pupils to leave the dining area quicker. Both schools sold
hot sandwich type items at morning break which appeared to be popular. Some pupils stated that they
would eat/keep these items as a lunch replacement and then purchase an additional snack/biscuit/drink
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at lunchtime. This practice potentially limits the pupil’s access to fruit, vegetables and salads. Also
highlighted was the occurrence of individual pupils purchasing the same types of foods on daily
basis such as pizza slices, paninis and pasta, again limiting the consumption of fruit and vegetables.
Reasons for these habitual purchases were lack of awareness of the daily menu, speed of purchase and
familiarity with prices. Regardless of the schools complying with the local council guidelines with
regards to sugar content in recipes, the pupils’ capacity to purchase more than one ‘regulated’ item
means they could exceed the daily recommendations.

Pupils were aware of the health reasons behind the restrictions though and stated that if unhealthier
items were available to buy then they would do so. It has been reported that children may be less
able than adults to resist temptations in choosing unhealthier options if available [7]. It has been
suggested that even adult study participants would be more likely to buy food items that are directly
available to them as opposed to pictures or description of items [18]. Furthermore, it is established that
having knowledge of ‘healthier/unhealthier’ foods alone is unlikely to influence pupil food choice [19].
Both staff and pupils felt there was too much availability of cookies/sweet items. Previous work with
much younger pupils (kindergarten to 10 years) [20] suggests that the involvement of pupils in the
design and promotion of healthy eating promotion materials may help to establish group norms about
attitudes and preferences towards healthy food consumption.

Despite pupils’ awareness of healthy eating guidelines there was opposition of an all-out ban of
certain foods and drinks; especially for juice (diluting juice); juice was considered to be an essential
component of the daily diet. Mâsse et al. (2014) [21] suggested that having access to sugar sweetened
beverages (SSB) at school may disproportionately affect pupils from a less healthy home environment,
as they are likely to consume SSB both at home and school. There were suggestions that if certain food
items were removed, such as pizzas, pupils would just bring in packed-lunches or buy items from
out-with school. There were examples of conflicting practices; one school regularly hosted charity
fund-raising schemes by selling confectionery, cakes, etc. to pupils at discounted prices (cheaper than
items sold in the dining room). This conflict did not go unnoticed with pupils commenting on the
disconnect of healthy eating messages being promoted by the school and the availability of such foods.
In older pupils, such as those in this study, perceived eating norms may act as a form of normative
social influence whereby they may copy the behaviour of others when they are concerned with feeling
socially accepted or establishing a relationship with the source of the influence [22].

With respect to the intervention, implementation did not seem to cause many difficulties for
the staff. Some staff expressed surprise in the amount of sugar some of the drinks offered to pupils
contained. The increased sale of the fruit pots was seen as a positive development by staff, despite a
decline after two weeks. Pupils were not aware of the changes being made to the positioning of drinks
and cookies, although with some prompting, they reported being aware of the introduction of the
fruit pots.

5. Limitations

The data collected in this study were from two schools in the North East of England; the pupils
who consented were selected purposively from the school council, therefore, opinions may not be
representative of the general ‘school’ population or generalisable to other areas.

6. Conclusions

Secondary schools face many barriers and challenges in providing a school food service. As
highlighted in the childhood obesity plan [5], the healthiest choice should be the easiest choice.
However, as demonstrated in this study, the everyday practicalities of implementing this in a school
setting is challenging. Pupils are receiving mixed messages in terms of education and the types and
number of ‘unhealthy’ items they are able to buy, not just at lunch-time, but throughout the school day.
Moreover, reducing unhealthier options but also giving pupils choice does not guarantee they will
choose the healthier options [19]. As suggested by the pupils themselves, reducing the availability of
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‘unhealthier’ options, by not selling cakes/cookies/pizza every day but limiting to once or twice a week,
may be a more pragmatic approach.
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Appendix A Focus Group Topic Guide

1. Experience of taking school lunches

• Can you tell me about your experience of having a school lunch?

� Timing
� Atmosphere
� Organisation
� Payment method/system

• What sort of food and drink do you normally select for your school lunch?
• What influences your decision on what food and drink to choose?

� Dining hall layout
� Food availability
� Card Vs cash
� Other lunchtime commitments?
� Any ‘unspoken rules’?

2. Satisfaction of available foods

• What do you think about the food and drink choices available in your school?
• Are there other types of foods/drinks/snacks you would like to be available?

� Meal deals?

• Are there any changes you would like to be made to the available food and drinks?

� Why?
� What?
� Availability of water?
� Cost of drinks?

3. Knowledge and views of food and health

• (Can you tell me what you know about healthy eating?) Younger group only

� What do you think are healthy food and drinks in school?

• Do you think young people want to make healthier food and drink choices?

� Why?
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• How do you think pupils can be helped to make healthier food and drink choices when
buying food and drinks at school?

4. Views of school food regulations

• Do you know of any rules in your school about the food and drinks on offer?

� Any ‘unspoken rules’?

• How would you feel if certain foods and drinks were banned in school?

� What do you think about schools being able to restrict the types of foods available
for you to buy?

• Can you tell me about any changes you might have noticed in your school canteen recently?

� Relating to how certain foods and drinks were promoted

Relating to how certain food and drinks were positioned

Appendix B Staff Interview Topic Guide

1. Importance of school food

• Can you tell me your views of school food provision?

� In relation to other school activities/priorities
� In relation to pupil’s health

� Whose role is it to promote health to pupils?

� In relation to pupil’s behaviour

• What do you feel about the restriction of certain types of foods and drinks in schools?

� Is it feasible/acceptable to do so?

2. School practices

• Can you describe how your school food provision operates?

� Policies
� Menus

� Sugar awareness
� Compliant drinks—what does this mean?

� Food purchasing
� Pupil payment system
� Day-to-day practice
� Kitchen/dining facilities
� Pupil use/uptake

� Pupil involvement in decision-making?

� Pupil adherence to ‘rules’/practices

� How is it organised/applied?
� Who is responsible?

� Monitoring of practices/processes
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� Staff involvement/practice in the dining room

3. School food intervention

• Can you describe the food/drink intervention that recently took place in your school?

� What changes were made?
� Who was responsible for making the changes?
� Were the changes noticed by anyone?

� Who? Comments?

� Were the changes practical/feasible?

� Describe any difficulties/issues
� Can you describe any unexpected findings?

• Positive and negative?

� How could the intervention have been done differently?
� If you were able to make any changes you wanted to school food provision what

would they be and why?
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Abstract: High whole grain intake is beneficial for health. However, adolescents consume low levels
of whole grain and the understanding of the underpinning reasons for this is poor. Using a visual,
participatory method, we carried out a pilot feasibility study to elicit in-depth accounts of young
people’s whole grain consumption that were sensitive to their dietary, familial and social context.
Furthermore, we explored barriers and suggested facilitators to whole grain intake and assessed the
feasibility of using SenseCam to engage adolescents in research. Eight British adolescents (aged 11
to 16 years) wore a SenseCam device which auto-captured images every twenty seconds for three
consecutive days. Participants then completed traditional 24-hour dietary recalls followed by in-depth
interviews based on day three SenseCam images. Interview data were subjected to thematic analysis.
Findings revealed that low adolescent whole grain intake was often due to difficulty in identifying
whole grain products and their health benefits; and because of poor availability in and outside of
the home. The images also captured the influence of parents and online media on adolescent daily
life and choices. Low motivation to consume whole grains, a common explanation for poor diet
quality, was rarely mentioned. Participants proposed that adolescent whole grain consumption
could be increased by raising awareness through online media, improved sensory appeal, increased
availability and variety, and tailoring of products for young people. SenseCam was effective in
engaging young people in dietary research and capturing data relevant to dietary choices, which is
useful for future research.

Keywords: whole grain; fibre; adolescents; SenseCam; interviews

1. Introduction

Whole grains are a source of dietary fibre and are rich in protein, vitamins, minerals,
and phyto-chemicals [1–3]. Systematic reviews indicate that high whole grain consumption may lead to
improved insulin sensitivity and reductions in blood pressure, total and low density lipoprotein (LDL)
cholesterol, colorectal cancer, breast cancer, cardiovascular disease (CVD) risk [4–11], although the
evidence on improved weight status and reduced waist circumference is less consistent [12]. It has been
suggested that a daily intake of around one to three 30 g servings of whole grain foods substantially
reduces the risk of disease outcomes [3,13,14]. Although the U.S. Department of Agriculture
(USDA) recommends three or more ounce-equivalents/day of whole grain for adults and 1.5 to 4
ounce-equivalents/day for children/adolescents [15], national data show that the mean intake among
American adults and children/adolescents is much lower, at around 0.82 and 0.57 ounce-equivalents/day,
respectively [16]. Similarly low levels of intake are reported in the United Kingdom (UK). The UK’s

Nutrients 2019, 11, 2620; doi:10.3390/nu11112620 www.mdpi.com/journal/nutrients35



Nutrients 2019, 11, 2620

National Dietary Survey of British Adults (NDNS) (2008–2011) reported that 18% of adults and 15% of
children/adolescents do not consume any whole grain foods, with the median intake for adults and
children/adolescents being around 20 g/day and 13 g/day, respectively [17,18]. In the UK, adolescents
and individuals from lower socio-economic groups appear to have the lowest levels of intake [17–19].

Most studies exploring whole grain intake correlates have been conducted on other age groups
or on non-UK adolescents [20,21]. Previous research has reported the following as possible barriers
to whole grain intake: lack of awareness and misconceptions about whole grain food products;
inability to identify them; lack of awareness of the health benefits; perceived or experienced negative
sensory properties; high price; low availability and accessibility; and lack of knowledge of preparation
techniques [22]. National studies clearly reveal the need to target UK adolescents to improve their
whole grain intake. Doing so could have significant benefits to health in the short- and long-term and
potentially the health of their own families in the future [23–25].

There are challenges when researching factors influencing adolescent eating habits. Focus groups
with adolescents have revealed a strong effect of peer influence but may have led to a restricted
expression of views based on the group as a whole rather than views of individuals. In addition,
the difficulties associated with whole grain identification has prompted a need for in-depth exploration
of the topic [22]. Furthermore, traditional methods of surveys or interviews have been critiqued as
inadequate for capturing the complexity of factors influencing dietary behaviour [26]. Adolescents’
dietary behaviour is shaped by everyday contexts, such as family and school. We need to develop
methods to engage young people in dietary research and to capture the key contextual influences
on their dietary behaviour to better understand barriers to consumption and potential opportunities
for intervention. Visual methods of data collection and analysis are gaining popularity in health
research [27], and are advocated by The Lancet Commission on adolescent health to increase engagement
and participant-led research and the potential for new insights. This study aimed to explore the
feasibility of young people using a camera called SenseCam (developed by Microsoft®Research,
Cambridge, UK; see Figure 1) to enhance the exploratory interviews. SenseCam is a wearable camera
which hangs from the neck and auto-captures approximately 3600 first-person point-of-view digital
images per day.

 

Figure 1. The Microsoft® SenseCam digital camera and how it is worn by participants.

This technology was initially used in research with memory-impaired patients to capture and
aid in recalling details of daily life [28]. SenseCam has since been used in a variety of health research
projects, including physical activity and nutrition mainly with adults [29–32]. A few SenseCam
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studies have involved adolescents, some of which included documenting and measuring active and
sedentary behavior [33], as well as measuring built environmental features that impact physical
activity [34]. These studies offered quantitative analysis of the SenseCam images and feasibility testing
of the technology. One recent study used focus groups to understand adolescents’ experiences of
using SenseCam, in a study measuring daily exposure to food marketing across media to explore
determinants of health [35]. However, to date, no studies have explored the potential of SenseCam to
help us understand influences on adolescent whole grain intake. SenseCam images can be used to
scaffold interviews, helping people to remember dietary choices, and to provide and explain context.
This could generate novel insights into the real-world dietary behaviour of adolescents. Our pilot
feasibility study aimed to generate new insights into whole grain intake in ways that are sensitive to
lived experience and context, explore barriers and suggested facilitators to whole grain intake and
assess the feasibility of using SenseCam to engage and work with adolescents.

2. Methods

2.1. Ethics and Participant Recruitment

The University of Leeds MEEC Faculty Research Ethics Committee approved the study protocol
(MEEC 13-015, date of approval 9 April 2014). This study adhered to the guidelines laid down in the
Declaration of Helsinki. Head teachers and all adolescent participants provided written informed
consent, along with parental/carer assent. Guidelines and recommendations on ethical use of SenseCam
were utilised from previous studies [36].

Participants were recruited via school contacts and word of mouth. Participants interested in
taking part were given an overview of the study and information sheets, and were invited to email or
telephone the researcher if they were interested in participating. The maximum number for recruitment
was ten adolescents due to the availability of one SenseCam device. Moreover, saturation would be
expected to be reached by this number based on similar research in other areas [28–30,32–35]. Therefore,
recruitment was stopped after ten participants expressed interest in the project.

2.2. Using SenseCam

The study was single-blinded, in that participants were told that the researcher was interested in
adolescent lifestyle and the factors that influence this. Interest in dietary intake and the focus on whole
grain was not revealed to the participants in order to limit bias and the possibility of altered behaviour.

The device used in this study was the Microsoft® SenseCam, which auto-captured images every
20–30 s. One device was available throughout the study, and participants used it in turn. After signing
the consent forms at the first meeting with the researcher, the participants were briefed on the study and
SenseCam. They used the SenseCam for three days, followed by an interview on day four. Participants
were advised that they could use the pause button on the SenseCam device, which freezes image
auto-capture for five minutes. They were allowed to remove it in situations of discomfort or locations
where objection or unwanted attention would occur, such as in private gatherings or places of worship.
Participants were requested to ask permission to use SenseCam at school and were encouraged to
explain the purpose of the camera if asked. They were provided with a script with details of the
research and data confidentiality to use in these situations.

2.3. In-Depth Interviews

At interview start, traditional 24-hour dietary recalls of day three were conducted, with the aid
of the Food Standard Agency’s (FSA) Photographic Atlas of Food Portion Sizes [37,38]. Results of
the 24-hour recalls are not reported here. Following the 24-hour recalls, the SenseCam images were
uploaded to a secure, password-protected study file. In line with our ethical protocol, participants were
given time to privately check and remove any of the uploaded SenseCam images before proceeding to
the interview.
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Interviews were semi-structured (see Supplementary Materials (Table S1) for the interview
schedule), and directly assisted by the participant approved SenseCam images from day three.
Day three was chosen as participants’ memory of the day was likely to be more reliable and participant
behavior more natural as they adjusted to SenseCam wear over the three days. Approximately
1900 day three images were available per participant for use in the interview. The interview began
by focusing on broad questions about adolescent lifestyle. Early in the interview, the true focus of
the research was revealed and the interview focused in on dietary choice. SenseCam images were
displayed on a computer screen and participants scrolled through images and either chose to stop at a
particular image or were asked to stop at one by the researcher (often related to meals or discussed
topics). The interviewer encouraged participants to express their opinions freely and used open,
non-leading questions and interviews oscillated between researcher-led and participant-led questions
and comments. At a later point in the interview, and in order to encourage participants to express
opinions on how to increase whole grain intake, information on the definition and health benefits
of whole grains was provided. Upon completion of the interviews, participants were provided with
vouchers and a certificate to thank them for their contribution to the research project. Interviews were
audio-recorded and lasted approximately 75 min each.

2.4. Data Analysis

The interview recordings were transcribed by the first author, with all identifying information
removed. Data were analysed using inductive thematic analysis as described by Braun and Clarke [39].
NVivo software was used to aid in management of data analysis (NVivo qualitative data analysis
Software, 2012). First, transcripts were read carefully line by line and assigned descriptive labels.
Second, units of text containing common labels were assigned provisional codes. Interviews and
coding continued until no new codes were generated (data saturation). This was reached after eight
interviews. At this point, codes (linked to the original text) were screened and those relevant to the
research question were grouped into common themes. Emergent themes were discussed with the
second and third authors and credibility checks were conducted (i.e., that the interpretation of the
data were credible for their assignment to a theme and that there was sufficient evidence to support a
theme). The third and final stage of analysis involved a review and refinement of the themes for ease
of data presentation.

3. Results

Ten participants were recruited. Two participants dropped out due to family concern over
SenseCam use with regards to privacy issues and the possibility of negative attention. The final sample
of eight participants were aged 11 to 16 years old (median age: 13.5 years; see Table 1). Participants
were British adolescents with a mixture of ethnic backgrounds, and there were equal numbers of males
and females. Only three out of eight participants were given permission to use SenseCam at school,
and the remaining participants used it outside school hours and during the weekend.

Table 1. Descriptive details of participants using pseudonyms (n = 8).

Participant Gender Age Ethnicity

Participant 1—Nathan Male 13 British Asian—Indian
Participant 2—Dylan Male 11 British White

Participant 3—Hannah Female 15 British Black/African
Participant 4—Olivia Female 14 British White
Participant 5—Peter Male 13 British Asian—Chinese
Participant 6—Sasha Female 12 British White
Participant 7—Liam Male 16 British Mixed White background

Participant 8—Emma Female 14 British White
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3.1. Factors Influencing Whole Grain Consumption

This sample of young people appeared relatively interested in health. Five out of eight participants
spontaneously reported that they tried to eat healthily although they felt this was hard to do in practice.
Their motivation to eat well was driven by looking and feeling good, weight management and
longer-term health. Factors influencing whole grain consumption have been categorised under five
themes: confusion and uncertainty, taste, home availability and influence, availability and accessibility
beyond home, peer and social norms.

3.1.1. Confusion and Uncertainty

When asked about whole grain foods, most participants (by “most” we mean six or seven
participants out of eight) perceived them as a “healthier version of something [they] already ate” (Sasha, F.,
12 years). However, most participants were unsure about how to identify a whole grain product,
and were confused about what made it a whole grain food and why it had health benefits. Two images
of participants choosing food revealed this confusion. First, in reference to Figure 2a, the participant
described seeded white bread as wholemeal toast, and second, in reference to Figure 2b, the participant
thought her rice cake (and all rice cakes) were whole grain by default.

 
(a) (b) 

Figure 2. SenseCam images highlighting confusion in whole grain identification (Sasha and Emma)
including seeded white bread (a) and rice cakes (b).

Five participants thought that colour was the main identification marker of whole grain products,
and seven thought of wholemeal bread as the most obvious form of whole grain food.

“I try to go for the brown-looking varieties, as I’ve heard that brown bread is healthier, but that’s it.
I don’t know why it is healthier and what’s healthy about it” (Liam, M., 16 years).

There was an assumption that whole grain was bread with added seeds or made with organic
wheat which increased its fibre content. Another participant thought that whole grain products must
contain less sugar, which was why it was healthier and recommended for people with diabetes, unlike
“white bread”. Another participant mentioned that his father ate “those healthy breads with fibre which
filled you up right away” (Peter, M, 13 years). Participants who mentioned fibre (five out of eight) stated
it was better for digestion and “helped food travel in the intestines”, but were generally unsure of this.
Only one participant said they might examine the product ingredient label to assess its whole grain
status (without knowing the research was on whole grains): “here I was reading the labels. It would
usually say whole grain somewhere on the front. Because if it was whole grain then the company is like (sic)
proud and literally wants everyone to know” (Peter, M., 13 years).
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Overall, participants were confused about what constituted a whole grain product, why it was
healthy and how to identify whole grain foods. At this point in the interview, all participants were
taught by the interviewee how to identify a whole grain product.

3.1.2. Taste

Although participants expressed various opinions about whole grain foods, they all stated that
the texture was dry—mainly as they had wholemeal bread in mind. Negative perceptions of texture
were often combined with negative taste perceptions, and participants felt that these would need to be
overcome to improve consumption: “I would only think of eating whole grain one day in the future if I wanted
to be healthy. But I don’t see myself liking it any time soon” (Nathan, M., 13 years). One participant said
that mixed varieties, such as 50-50 breads, were more acceptable in terms of taste and texture. Three
participants expressed a preference for wholemeal vs. white bread for toasting, a preference stemming
from habit through home availability (see Theme 3): It was a “habit that became personal preference
really” (Olivia, F., 14 years). Some participants cited their preference for wholemeal bread as it was
tastier, more “special”, filling, and healthier as white bread could “make [her] fat” (Hannah, F., 15 years).
Following clarification of other whole grain foods, participants expressed favourable attitudes towards
products such as wholemeal rolls, wraps, chapattis and rotis, and whole grain breakfast cereals. Most
participants were pleasantly surprised to learn that other products such as bulgur wheat, brown rice,
brown pasta, quinoa and popcorn were whole grain foods and expressed positive attitudes towards
these based on taste and health benefits: “Oh I love bulgur wheat, it’s so good! It has a really nice consistency
because it’s slightly chewy but crunchy and nutty. It’s nice!” (Olivia, F., 14 years); “Ummm I’ve actually had
some of it (whole grain pasta). I really like it because now I know it’s healthy and it still tastes nice at the same
time!” (Peter, M., 13 years). Thus, negative perceptions of whole grains were driven largely by the taste
and texture of wholemeal bread, but more positive attitudes emerged when a broader range of foods
were considered.

3.1.3. Home Availability and Influence

SenseCam images indicated that home was still the main source of food for these young people,
including food to be taken to school. The high number of SenseCam images capturing family meals led
to discussions about the influence of the home environment and availability of whole grains on young
people’s consumption. Reported home availability of whole grains ranged from a constant supply
to little availability. One participant said, “There is always a brown loaf in the house. There’s more often
brown bread than white bread” (Olivia, F., 14 years). An image of her mother cutting wholemeal bread,
prompted the participant to explain how increased availability made her more likely to consume this
type of whole grain food. Good availability of whole grain was also linked to parents of participants
being described as health-conscious and who regularly provided whole grain foods at mealtimes.
However, in the case of a few participants (by “few” we mean one or two participants), one or both
parents preferred lower fibre varieties and this was cited as the reason for low availability in the home.
Additionally, parental concern about food waste was perceived as a further factor that reduced whole
grain purchases and availability.

Cultural factors also influenced whole grain consumption as ethnic whole grain options were
accepted and enjoyed by some participants (by “some” we mean three to five participants). Examples
included rotis and chapattis, consumed by participants having South Asian origins, bulgur wheat by
those having Turkish origins, and teff by those having African origins. Cultural varieties were described
as fundamental to many family meals and were often the sole source of whole grain. While viewing
the image of a homemade bulgar-based omelette (Figure 3), the interviewer asked the participant to
explain the food shown in the image. This led to the discussion that he enjoyed this type of food,
and that he had not been aware it was whole grain.

“I’d have a chapatti or a roti with my dinner—I like those. But I wouldn’t go for the whole grain
option otherwise like, say, in a sandwich or to school. I prefer white bread” (Nathan, M., 13 years).
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The home environment was influential not just through availability but also, for some, through
parental modelling and expectations. Although two participants were sceptical of parental “advice”,
e.g., “my mum would tell me something because theoretically it is the “right” thing to do or heard it from
culture.” (Hannah, F., 15 years), most participants rated their family as their number one trusted source
of health and dietary advice. The behaviour and beliefs of parents appeared influential to the dietary
intake of the young participants. For example, in relation to consumption of fruit and vegetables, one
participant stated: “I guess it all eventually sinks in and becomes your own priority too.” (Olivia, F., 14 years).

 
Figure 3. An example of cultural whole grain varieties consumed by participants at home:
a bulgur-based omelette.

3.1.4. Availability and Accessibility beyond Home

SenseCam images capturing food shopping prompted discussion of the availability and
accessibility of whole grain foods in public spaces. Five participants reported that it was “cheaper and
easier to get white bread” (Dylan, M., 11 years) than whole grain varieties and that this was a key factor
limiting the participants’ ability to consume the recommended three portions per day. However, they
felt that, compared to refined products, whole grain products were not as visible or “out there”, and that
“whole grain [varieties] would be somewhere at the top of the shelf or something, where you don’t notice them as
much” (Liam, M., 16 years). An image of supermarket shelves showing a dominance of white products
lead the participants to reflect on this: “If you go to the big supermarkets, you won’t see anything of that sort
of stuff. You’d see the small stuff that are cultural, like a few pittas, maybe some roti. The bread section is just
like being one whole shelf of white bread and then maybe, less visible, a few loaves of brown bread” (Dylan, M.,
11 years).

Most participants stated that it was difficult to access whole grain products in public. “When you’re
eating out I don’t think it’s available enough at all! Because when you see things like fast food or just general
restaurants, if they do any kind of bread it’s always white bread.” (Emma, F., 14 years). Another participant
explained that, when eating out, “You have to ask them to bring whole grain bread. And only a few places
might have it” (Hannah, F., 15 years). Accessing whole grain snacks in public spaces was seen as very
difficult, as most vending machines in schools, hospitals, and public places “never have whole grain
cereal bars or the like” (Nathan, M., 13 years). When asked about the availability of whole grain varieties
in school, all participants stated that it was very hard or impossible to find them: “school food is always
pre-packed stuff, then they’re just ovened or microwaved. You would find croissants and, say, toast with butter.
So it’s not usually proper food or even freshly cooked.” (Peter, M., 13 years). Whole grain snack options
(including cereal bars) were perceived to be limited in number and overpriced.

Discussions on the cost of food, and its influence on choice, was mixed. Most participants
perceived white bread as cheaper, based on high demand and market competition, and whole grain
foods as more expensive, but were unsure what processing methods were increasing the cost. For a
few participants, item price was the dominant determinant of food choice outside the home, followed
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(according to one of the participant) by brand, sugar content and additives: “people want the tastiest and
the cheapest” (Hannah, F., 15 years).

3.1.5. Peer and Social Norms

Although the participants claimed that peers rarely directly influenced their food choice, some
influence was reported following probing. According to one of the participants, in the back of one’s
mind, there might be a fear of behaving outside of norms: “They might start asking what is this stuff
you’re eating there? And just the fact that you might be questioned or the slightest possibility of teased or
mocked, especially by the boys, makes you think twice before doing anything that is remotely different than
others” (Olivia, F., 14 years). This also included consumption of more ethnic food types, as two of
the participants pointed out. A participant stopped at the image of a takeaway outlet where he was
buying a meal with his friends: “You need to be the same as everyone else. Everything and anything that
is different might be mocked” (Nathan, M., 13 years). Participants reported that pressure to conform to
norms dissipated somewhat during later adolescence. One participant explained changes during the
last two years of secondary education: “You start embracing the things you were taught and your own beliefs
and hang around people who think similarly” (Liam, M., 16 years). This participant reported his friends’
support (manifesting as lack of jeering) when ordering a salad or asking for the whole grain option.

SenseCam images of social media (e.g., Instagram photos) as well as clothes shopping prompted
discussions about social norms for body shape (Figure 4). Carbohydrates were talked about in a
negative way by participants of both genders, and participants felt that whole grains were carbohydrates
they are meant to avoid. One young participant had engaged in carbohydrate-free dieting before
deciding to manage her weight in a healthy way with an emphasis on whole grain: “I eat whole grain
when I am in diet-mode. It keeps me full and helps me lose weight. I read it online.” (Sasha, F., 12 years).
Several participants spoke of similar “days of feeling healthy”, where whole grains featured more
predominantly, but it was nonetheless perceived as optional.

 
Figure 4. Clothes shopping and social media images prompted discussions around body image and
the negative perceptions of carbohydrates.

3.2. Improving Adolescent Whole Grain Consumption

Towards the final part of the interview, participants were asked to imagine that they were whole
grain teenage ambassadors with the power and budget to intervene at any level to promote whole
grain consumption among adolescents. Their suggestions spanned three themes.

3.2.1. Promote Knowledge and Awareness

Participants believed that young people would consume more whole grain foods if they were
more knowledgeable of their health benefits and were more aware of their nature: “So that they actually
know that whole grain is much better for you even though it may be more expensive or less ‘out there’... I don’t
think most of them know about HOW much healthier it may be. And I think that would make them try to eat
more whole grain” (Peter, M., 13 years). They felt there should be more awareness of other whole grain
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products other than wholemeal bread, such as brown rice, brown pasta, wholemeal wraps, bulgur
wheat and quinoa. Participants recommended persuasive media (spanning radio, TV, and online)
to promote knowledge, including celebrity endorsement (although the credibility of this might be
questioned by some): “You have to do something really catchy to get people to see it or care. It has to be catchy
enough or funny to be talked about or shared with friends so people would remember it.” (Nathan, M., 13 years).
Others suggested paying famous YouTubers with high numbers of young followers to promote whole
grains as part of their healthy food blogging. According to the participants, this would spark interest
and discussion: “I watch a lot of YouTubers. they’re all eating more healthily and it’s like—quinoa! Wait, what
is quinoa? Is that actually a healthy thing? Then I go ask my mum and look it up online and find out all about
it.” (Olivia, F., 14 years). One participant suggested that whole grain companies should sponsor sports
events: “If McDonald’s [is doing] it, then Kellogg’s certainly can!” (Liam, M., 16 years).

Targeted campaigns to promote knowledge and awareness were advocated for some settings,
for example, using public spaces where people were “in the mood for being healthy”, such as gyms and
hospitals. However, prompting intake via school-based activities presented mixed views. Simply trying
to promote whole grain intake in the form of posters or leaflets was perceived as ineffective, as students
will “look at it and just scoff or make fun of it” (Hannah, F., 15 years). However, educating young people
about whole grains was seen to be more promising, although experiences to date were poor. Most
participants reported that they had, at some point, probably heard that “Brown bread was better than
any other bread—that’s what they said in school” (Sasha, F., 12 years) but felt that there was inadequate
coverage and discussion of how to identify whole grain products and understand their health benefits.
Participants also complained that such sessions were too general, lecture-like, repetitive, and did
not involve enough activities to provoke their interest or make the content memorable. However,
school-based education which debunked myths about carbohydrates (and the dangers of cutting them)
was reported as necessary and likely to be effective. “Some teenagers think that healthier means almost
no food, or no carbohydrates. Tell them to eat the right carbohydrates, not to eliminate them!” (Hannah, F.,
15 years). This was suggested as part of more engaging and informative education: “I think a whole
session in class should tackle this whole grain issue. It makes more sense in every single way: less processing,
healthier, more environmentally friendly. It is convincing in every way, and it would lead to lots of discussions
on how industry makes something less healthy the norm and people just follow through. These things don’t get
discussed in class and I feel they should. I hadn’t even heard half the things I learnt about fibre today in school!”
(Sasha, F., 12 years).

3.2.2. Changing Norms

Although increased knowledge and awareness was felt to be important, five out of eight
participants stressed that the current perception of whole grains as “special foods for extra health-conscious
individuals” (Liam, M., 16 years) limited consumption by young people. Participants emphasised
the importance of shifting norms instead: “Make it seem like a normal thing, rather than a special thing
like only for healthy people... Make it dominate the market. Create varieties too... Get parents to give it to
children when they’re little. Like white bread should get the special ‘white bread’ label and not whole grain,
because whole grain is the norm of bread. Just like that” (Olivia, F., 14 years). Improving availability was
described as an important way to change norms, particularly in terms of removing less healthy choices.
One participant argued that this is more important than knowledge in improving consumer choice:
“I think if I had that kind of budget and that kind of power I’d sort of force shops to reduce stocks of white bread,
increase stock of brown bread and make that more often on the shelf and more obvious than white bread. I want
white bread to be a lot rarer in shops. I don’t care if people don’t know what brown bread is and the benefits
of it, I just want it to be available. It sort of makes it the norm.” (Dylan, M., 11 years). Changing what is
provided in schools was also recommended: “I think the easiest way would be to get them to change the
restaurant venues around the school which students flood out for lunch for to have brown bread. Oh and change
the canteen!” (Emma, F., 14 years). Shaping norms through changed availability could also be managed
through cost. Participants suggested that white bread should be made more expensive than whole
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grain, and the money that is made through sales of white bread would offset the extra cost of increased
whole grain production.

3.2.3. Improving Appeal

Making whole grain products more appealing in their packaging was suggested as a key
mechanism to promote the chances of young people choosing it. Currently, whole grain products are
perceived as serious and boring, for people with special interests or who are fussy eaters, and are
associated with “free-from” products. Whole grain products, they suggested, needed re-branding
as normal and appealing for the average consumer: “We want flashy colours, big fonts, and loads of
colour. Why does the whole grain cereal look so much more dull and serious than a chocolate cereal?” (Liam, M.,
16 years). Packaging should also be improved in terms of clear labelling: “Why should it be such a riddle
to figure it out? There should be a large clear stamp, like a government-regulated thing, that says whole grain.”
(Nathan, M., 13 years). Improved appeal was also suggested in the form of integrating whole grains in
products that adolescents already enjoyed: “Maybe they should make a pizza with whole grain dough, whole
grain ice cream cone, or oatmeal chocolate wafers. More whole grain choco-puffs and tea biscuits too—and don’t
make them the more expensive ones. They should think of more subtle and exciting ways to fit it in our everyday
life!” (Hannah, F., 15 years).

3.3. The SenseCam Experience

Apart from initial parental concern in the case of some participants, all participants approached
were keen to take part in the research, expressing interest in SenseCam. They described it as “original”,
“exciting”, and “cool” to be the first to try something new. When asked during the interviews about
using SenseCam, they expressed favourable attitudes and felt this is the type of research that adolescents
would engage in. They were also pleased at the notion that research was “using their language”, as
a large portion of their daily life revolved around communicating with and around photos of their
day: “For us it’s all about [communicating with] pictures and uploading loads of them every day. And we
just do it for fun, so it’s great to see that science is also catching up!” (Sasha, F., 12 years). These positive
appraisals were supported by observations during the interview, as the adolescents’ engagement with
the picture-viewing and commenting on contextual settings was high. Participants reported they did
not mind wearing the SenseCam for three days and were not concerned about privacy or unwanted
attention (which few of them reported) as reporting on everyday life in photos was a norm in this age
group due to the popularity of social media. These findings confirmed that SenseCam is feasible and
acceptable to use in this age group to explore dietary behaviour.

4. Discussion

This pilot feasibility study aimed to increase understanding of young people’s whole grain
consumption by using a visual, participatory method to elicit novel data and determine the feasibility
and acceptability of using SenseCam technology. Findings highlighted the complex interplay of
factors shaping the adolescents’ consumption, from education to family behaviour to sensory appeal.
Images captured the impact of parents and online media on participants’ daily life and choices. While
many poor dietary practices are explained by low motivation, this study showed that low adolescent
whole grain intake may be due to the difficulty of identifying whole grain products and their health
benefits as well as poor availability in and outside of the home. The participants offered creative
ideas on raising awareness through online media, improved sensory appeal, increased availability
and variety, and tailoring of products for young people. The findings also suggest that SenseCam
was a feasible method of researching diet in young people and effective in engaging them in research;
in order to capture routine but important dietary practices in everyday life, and in scaffolding a
participant-led interview.
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4.1. Adolescents, Health and Whole Grains

The adolescents were generally aware of whole grain foods, and despite a few misconceptions
and issues in identification, they knew that whole grain was healthier than refined grain but were
unsure why. During the interview, learning about the different varieties of whole grain and their
health benefits was of significant interest to participants; learning that a certain desirable food type
was in fact whole grain seemed to motivate them to try it more often in the future. Learning about
different varieties of whole grain foods (other than wholemeal bread) may improve the appeal of whole
grain foods and increase consumption. This is particularly important, given the centrality of taste and
sensory appeal to this age group [20,21]. Although sensory appeal was ranked highly by adolescents,
an appreciation of the healthiness of food did emerge [40], especially among the older participants.
Their views on healthy foods were largely based on processed vs. less processed/fresh food, being
preservative- and artificial colouring-free. This may be attributed to the trends being promoted online
and in schools regarding preservatives and processing of foods. These findings seem to be in line with
those from focus groups with adolescents [22]. It may be useful to promote whole grain to this age
group by focusing on it being less processed than its refined counterpart.

4.2. Family as Highly Influential

When it came to food habits and nutritional information, most participants were influenced by
their family members who were reported as encouraging them to improve the quality of their diet,
albeit only minimally or occasionally in some cases. Pro-active or absent parental influence appeared
to impact home availability of whole grain foods, knowledge, attitudes, and habitual consumption
although this needs confirmation through a larger study. Participants also cited accompanying their
parents to food shopping, evident in most participants’ SenseCam photos. Therefore, with the right
incentives for both parents and adolescents, an active participation in shaping family (and personal)
meals could be developed and directed towards an increased whole grain food availability and
consumption. The conclusions drawn from these data are in line with those of existing studies on
whole grain with adolescents, where habitual consumption, home availability of whole grain foods
and family meal frequency were positively associated with whole grain food intake [20,21].

The participants’ statements, along with the observed patterns with whole grain consumption in
different households, may contradict the common belief that peers were the most influential group for
adolescents—at least when it comes to health and nutritional information [23]. Accessibility of whole
grain foods at home was better than outside the home, including school. Reduced availability of whole
grain and healthier food choices outside the home and at school was reported in the literature [23,40].
Participants reported a difference in whole grain consumption between weekends and weekdays,
and home versus eating out. They were more likely to eat healthy at home than at school, and certainly
more than eating out. This points to the need to provide a wider range of choices of whole grain foods
for adolescents to purchase in school and in venues around schools.

4.3. School as a Starting Point for Whole Grain Promotion

In addition to increasing whole grain product availability in school canteens, schools would be a
perfect setting to encourage whole grain awareness discussions and as an example to lead discussions
on food processing, product normalising and low carbohydrate diets. Participants criticised the school
system for lack of focus on useful well-being knowledge, a problem noted in other studies [41].

4.4. Teenage Culture and Importance of Social Media

Our findings suggest that peers are influential although not as much as parents; a point also
highlighted in a systematic review on adolescent healthy eating interventions [23]. In our study, it
was unclear why peers were not considered a major source for dietary influence, but a greater level of
peer pressure was reported by younger adolescents, where desire to adhere to social norms appeared
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strongest. Older adolescence was marked by emergence of “interest” groups, which allowed for less
pressure to conform and an increased level of autonomy and friendships based on shared values and
lifestyles, including food choices [42]. These trends or differences between adolescence age-stages
should be accounted for in interventions targeting younger compared with older adolescents.

Social media creates trends and priorities through celebrities sharing live images of their daily
life and giving advice on YouTube and Instagram. There is a substantial focus on exercising, healthy
eating, and fitness on these channels, sometimes to extremes. As teenagers are receptive to and trust
their social media celebrities it would be helpful to make use of their credibility to pass a healthier
whole grain message that could counteract some of the extreme diet tips and fads being promoted.
Normalising or integrating whole grain promotion in an appealing way for this age group should
include it being a food that would help empower their efforts in healthy weight maintenance or physical
activity/sports programmes—an intervention element suggested in a systematic review on adolescents
and healthy eating [23]. Moreover, efforts to promote whole grain foods based on general healthiness
may be hindered by misconceptions or rumours surrounding the avoidance of all “carbohydrates” in
the media, as mentioned by the participants. Acknowledging the body-image challenges facing this
age group as well as the abundance of low-carbohydrate dietary advice in the media is important,
and efforts to increase whole grain intake in this age group needs to address these issues.

4.5. SenseCam as a Valuable Tool to be Used with Adolescents

Perhaps one of the interesting findings from the use of SenseCam images during the interviews was
the challenge of whole grain identification for the participants. There were instances where participants
reported consuming whole grain foods, but the images would reveal otherwise. These difficulties are
mainly attributed to wider challenges in the various definitions of wholegrain across the globe and
reinforcing official recommendations [6,43,44]. An official definition and recommended intakes for
whole grains in the UK have not yet been established nor promoted, thus such misconceptions and
difficulties are to be expected [3,14]. The current study, with its use of SenseCam images, highlights
the potential for this tool to explain and further understand the magnitude and complexities related to
whole grain identification, as well as in the case of other food categories.

The SenseCam interviews began with participants declaring autonomy in food choice, a view which
was prominent in focus groups with adolescents on whole grain intake [22]. However, the SenseCam
images revealed details of daily life that shifted the conversations towards acknowledging the
substantial family and home influence on food choices. They helped remind participants of instances
where they had unknowingly consumed whole grains and revealed their liking of it. The images also
helped remind them of details of the day, such as time spent on social media or instances of label
reading, starting new interesting discussions on lifestyle and behavioural influences that may have
been unlikely otherwise. SenseCam-assisted interviews therefore have the potential to overcome some
of the limitations associated with traditional research methods in this age group and provide a more
complete picture of barriers and enhancers. The feedback on SenseCam-assisted interviews was very
positive in this age group, specifically in relation to it being a novel technology that included use of
images. They also recommended using innovative technology for purposes of scientific research, to
encourage adolescents to engage in research. This preference among young people to trying new
technologies had been cited in previous studies [35,45], and the integration of technology in research
with adolescents may allow for higher enjoyment and participation in an age group often seen as
reluctant to engage in research.

4.6. Study Limitations

The main limitations of this study were related to the small sample of participants. Although the
study is qualitative and does not claim to be representative of UK adolescents, the type of adolescent
taking part in this research may not be representative of all adolescents. Furthermore, adolescents
from low SES backgrounds were underrepresented. There are also limitations to the use of SenseCam.
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The process of obtaining ethical approval for under 18 year olds was particularly challenging, due
to the multitude of privacy, confidentiality and participant inconvenience concerns [36]. There were
concerns over privacy raised by some participants’ schools and family members, which had to be
dealt with. This led to only three out of eight participants being able to wear the SenseCam to school
and resulted in loss of information and data at school. From a practical perspective, participants also
complained about the short battery life of the SenseCam which seemed to be shorter than previously
reported [46] and the length of the strap which was probably designed for adults rather than children.
At times this meant the camera was not at the ideal height. For this reason and also due to obstructions
such as items of clothing or hair blocking the lens it is recommended that the design of SenseCam is
refined for use in younger participants and clear instructions are provided to reduce the risk of poor
quality images.

5. Conclusions

This innovative pilot study provided insight into adolescent daily life and contexts surrounding
dietary choices, with particular emphasis on whole grain awareness, attitudes and consumption.
Adolescents in this study were pro-active, interested and receptive to health messages and expressed
the need to be targeted in ways which are relevant to their world. This could include factors
related to branding, taste and texture. Participants trusted their family and their social media
celebrities, and availability of whole grain foods at home was a key to increased consumption. This
study established the feasibility of using SenseCam technology with young people to research their
dietary practices. Young people explained their reason for participating was the chance to use an
interesting visual based approach that reflected the realities of their lives. The study also shows that
a one-size-fits-all approach is unlikely to be effective with adolescents, and tailored approaches for
different age groups are recommended. A lack of motivation should not be assumed in this age
group but an understanding of the microelements of their daily lives are necessary in order to design
successful programmes to improve dietary behavior.
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Abstract: A key issue in nutritional public health policies is to take into account social disparities
behind health inequalities. The transition from adolescence toward adulthood is a critical period
regarding changes in health behaviors. This study aimed to determine how consumption of four
emblematic food groups (two to favor and two to limit) differed according to socio-economic and
cultural characteristics of adolescents and young adults living in Belgium. Two non-consecutive
24-h dietary recalls were carried out in a nationally representative sample of 10–39 year old subjects
(n = 1505) included in the Belgian food consumption survey 2014. Weighted daily mean consumption
of “fruits and vegetables”, “whole grain bread and cereals”, “refined starchy food”, and “sugary
sweetened beverages” (SSB) was calculated and explored in multivariable linear regressions stratified
into four age groups. After adjustment, 10–13 year old adolescents living in less educated households
daily consumed lower amounts of “fruits and vegetables” (adjusted mean: 165.6 g/day (95% CI:
125.3–206.0)) and “whole grain bread and cereals” (40.4 g/day (22.9–58.0)), and higher amounts of
SSB (309.7 g/day (131.3–488.1) than adolescents of same ages living in more educated households
(220.2 g/day (179.8–260.7); 59.0 g/day (40.3–77.8); and 157.8 g/day (1.7–314.0), respectively). The
same trends were observed in older groups, along with strong consumption disparities according to
region of residency, country of birth, and occupation, with specificities according to age. Our findings
suggest the need to better explore such disparities by stage of transition to adulthood, and to adapt
nutritional health programs.

Keywords: diet; food; nutrition survey; socio-economic factors; adolescent; young adult

1. Introduction

Nutrition may play an important role in the increasing burden of cancer, obesity, diabetes, and
cardiovascular diseases. In addition to physical activity, a diet rich in vegetables, fruits, and fibers is
recommended, along with limited consumption of processed foods high in fat, refined starches and
sugars, red and processed meat, sugary sweetened beverages (SSB), and alcohol [1,2]. In Belgium,
recent analyses identified the group of 14–17 year old adolescents as having the worst dietary habits
when considering adhesion to dietary guidelines [3]. In the 18–39 year old group, conclusions were
mitigated: consistent with adolescents, these adults had the highest consumption of nutrient-poor
foods (comprising SSB, alcoholic drinks, biscuits and pastries, confectionary and chocolates, salty and
fried snacks, etc.) than the youngest and oldest groups, while they also increased consumption of
vegetables, fruits, and whole grain bread in comparison to youngest.

Nutrients 2019, 11, 1520; doi:10.3390/nu11071520 www.mdpi.com/journal/nutrients51
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Dietary habits are acquired at adolescence and during the transition toward adulthood. Over
the past few decades, this key period has increasingly occupied a greater portion of the life course:
biological factors related to earlier puberty precede a longer and later appropriation of the adult
social role, going beyond the current limit of 19 years [4]. Moreover, the health-related behavior of
future adults may be influenced by socio-economic living conditions, family, the school and work
environment, and development of a social network [4–8]. To better understand the different factors
involved in acquisition of dietary habits, a comparison of adolescent and young adult behavioral
determinants is therefore of interest.

In high-income countries, dietary disparities in food group consumption have been widely pointed
out in the general population. For instance, whole grains, fresh fruits and vegetables, lean meats,
and low-fat dairy products are more likely to be consumed by adults of higher socio-economic status
(SES) [9]. As recent literature reviews concluded, food group consumption disparities also involve
adolescents. Fruit, vegetable, and dairy intake is higher when parental SES is more favorable [10–15],
while consumption of SSB and salty or sugary energy-dense products is higher when socio-economic
living conditions are lower [10,12,13]. Other disparities according to birthplace, length of time living
in a country [16], migration generation [17], and urban/rural place of living [10] have been observed in
different countries. However, available information from quality studies on food group consumption
disparities in adolescents is scattered, and the variety of studied determinants is limited. Literature
focusing on diet disparities in young adults is extremely scarce.

The aim of the present research is to determine how consumption of food groups to favor (fruits
and vegetables, whole grain bread, and cereals) and to limit (SSB, refined starchy food) differed
according to socio-economic and cultural characteristics of adolescents (according to the common
definition, i.e., 10–13 and 14–17 years), young adults (end of adolescence, i.e., 18–25 years), and adults
(26–39 years).

2. Materials and Methods

2.1. Sampling

We analyzed 10–39 year old subject data from the 2014 Belgian food consumption survey (BFCS), a
nationally representative cross-sectional survey conducted in the general population living in Belgium.
The BFCS (methods described in detail elsewhere [18]) is part of the “European union (EU) Menu”
project coordinated by the European food safety authority (EFSA). To summarize, persons aged 3–64
years were randomly selected from the Belgian national population register, following a multistage
stratified sampling procedure. Geographic stratification according to the 11 provinces was used. The
number of interviews to be carried out in each province was proportional to the size of each province,
and divided into 50 to define the number of municipalities to be selected. Then, within each sampled
municipality, individuals were selected by stratifying into 10 age-gender strata following the EFSA age
group cut-off recommendations [19]. Data collection was divided equally over the four seasons and
seven days of the week so as to integrate seasonal and day-to-day variations in food intake.

2.2. Dietary Assessment

A country-specific version of GloboDiet, a computerized 24-h dietary recall (24h-R) program
developed and maintained by the international agency for research on cancer, was used [19,20]. Each
24h-R interview was conducted by a trained dietician. The multipass 24h-R method was used with a
rapid and consecutive list of consumed foods and recipes at each eating occasion; a description and
quantification of such foods and recipes, a summary of the 24h-R, and a description and quantification
of dietary supplements. Each recipe was broken down into a list of foods.

All foods were classified according to the FoodEx2 food classification system developed by
EFSA [19,21]. For the present analysis, some adaptations were made: for example, the “starchy food”
group was divided into “whole grain bread and cereal” and “refined starchy food”, the latter including
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potatoes and tubers. An SSB group was formed and included all non-alcoholic beverages containing
intrinsic sugar, added sugar, flavored milks, and sugary milk substitutes. Mean daily consumption
of “fruits and vegetables”, “whole grain bread and cereals”, “refined starchy food”, and SSB was
calculated by subject.

Food consumption was linked to the Belgian food composition data (Nubel) and to the Dutch
food composition data (NEVO) to estimate total energy intake. The Black method and Goldberg
cut-off [22] were used to identify 18–39 year old under-reporters: the mean energy intake of each
subject was compared to the basal metabolic rate (BMR), estimated by the Schofield equation [23]. A
mean physical activity level of 1.55 was used. Energy intake day-to-day variations, a between-subject
BMR variation of 8.5%, and a between-subject physical activity level variation of 15% were considered.
Among 10–17 year olds, since the Black method does not take into account energy needs related to
growth, under-reporters were those declaring mean energy intake below two standard deviations of
the mean energy intake of the sample.

2.3. Socio-Economic Status and Cultural Characteristics

Variables related to household type and education level were adapted to adolescents and young
adults. Whatever the age, if the subject was still in school during the survey, the number of children in
the household included the subject, while the highest education level of the household was the parental
education level. If the subject was 18 years old or older and not schooled, the highest education
level in the household was defined according to the education level of the subject and his/her partner
if applicable. Occupation (of the mother and the 26–39 year old adult subject) was divided into
5 categories, with “inactive” status including students, retired persons, the unemployed, those on
sick leave, and the disabled. Working status was grouped into “student”, “active”, and “inactive”
categories, as to be adapted to the 18–25 year old group. In addition, household type, country of birth,
and main language spoken at home were considered.

2.4. Statistical Analyses

Pregnant and breastfeeding women were excluded from analyses; energy under-reporters were
included. A weighting factor calculated according to age, gender, day of first dietary recall (weekday
or weekend), season, and province of residency, along with sample design, were taken into account
in statistical analyses (using the “svyset” function, Stata®). All analyses were stratified into four
age groups: 10–13 years, 14–17 years, 18–25 years, and 26–39 years. For each food group, mean
consumption of the two observation days was calculated. Univariate linear regressions of daily
mean consumptions, with SES variables, gender, and region, were systematically adjusted for total
energy intake (Table S1). Those variables with a significance level under 0.20 were included in initial
multivariable models. After a manual backward stepwise process, final multivariate linear regressions
included variables significantly associated with daily mean consumption (p-value <0.05), along with
confounding variables (i.e., that is, variables whose removal increased or decreased consumed amounts
by more than 10% for other variables included in the model). In addition, once an explanatory variable
was retained for an age group, even though it was not significantly associated with the outcome or
was not a confounder, this variable (or the one(s) concerning the same topic in other age groups) was
also kept for all age groups. Adjusted mean daily consumption was post-estimated using predictive
margins, with co-variates being treated as non-fixed [24]. The absence of co-linearity between variables
included in multivariate models, normal distribution, homoscedasticity, and linearity of residuals,
along with the absence of influence of potential outliers, were graphically verified in unweighted
models. All analyses were performed using Stata® version 14 (StataCorp, College Station, TX, USA).

3. Results

The total sample under study was composed of 1505 subjects having completed two
non-consecutive 24h-R, stratified into 447 10–13, 470 14–17, 233 18–25, and 355 26–39 year olds
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(Table S2). One (0.2%) under-reporter was identified among the 10–13 year olds, 3 (0.6%) among the
14–17 year olds, 47 (20.2%) among the 18–25 year olds, and 68 (19.2%) among the 26–39 year olds. Mean
total energy intake during the two days of study was 1,783.2 kcal/day (SEM: 28.3), 1979.9 kcal/day
(35.7), 2056.2 kcal/day (70.1), and 2033.9 kcal/day (42.4), respectively.

Nearly all adolescents and young adults consumed “fruits and vegetables” and “refined starchy
food” at least once during the two days of recall (Table 1). The mean daily consumption of “fruits and
vegetables” was statistically higher among 18–25 and 26–39 year olds than among 10–13 year olds. The
consumption of “whole grain bread and cereals” and contribution to total starchy food intake were
statistically higher among 26–39 year olds than among 10–13 year olds. “Refined starchy food” and
SSB consumptions were the highest among 14–17 year olds. “Refined starchy food” contribution to
total starchy food intake and SSB contribution to total beverage intake were significantly lower among
26–39 year olds than among 10–13 year olds.

Table 1. Consumption, at least once during the two days of recall, mean daily consumption, and
contribution to total intake of four food groups according to age group. Belgian food consumption
survey 2014.

Food Groups

Age Category

10–13 years
n = 447

14–17 years
n = 470

18–25 years
n = 233

26–39 years
n = 355

p a

Fruits and vegetables

Consumption at least once during the 2 days (%) 97.8 98.1 98.5 99.5
Mean daily consumption (g/day (SEM)) 190.2 (6.8) * 196.7 (7.6) 221.1 (12.1) 269.6 (11.5) <0.001

Whole grain bread and cereals

Consumption at least once during the 2 days (%) 51.6 52.0 55.9 62.5
Mean daily consumption (g/day (SEM)) 37.3 (3.2) * 42.0 (3.3) 43.1 (4.9) 63.5 (4.9) <0.001

Mean contribution to total starchy food intake (% (SEM)) 16.6 (1.2) * 15.5 (1.1) 16.9 (1.8) 24.0 (1.6) <0.001

Refined starchy food

Consumption at least once during the 2 days (%) 99.4 100.0 99.8 99.2
Mean daily consumption (g/day (SEM)) 188.4 (4.9) * 226.6 (6.0) 220.7 (10.9) 203.4 (7.4) <0.001

Mean contribution to total starchy food intake (% (SEM)) 83.4 (1.2) * 84.5 (1.1) 83.1 (1.8) 76.0 (1.6) <0.001

Sugary sweetened beverages

Consumption at least once during the 2 days (%) 71.9 74.4 74.1 60.3
Mean daily consumption (g/day (SEM)) 258.7 (17.4) * 327.8 (17.5) 322.4 (33.3) 240.3 (21.1) <0.01

Mean contribution to total beverage intake (% (SEM)) 24.3 (21.4) * 26.9 (1.3) 20.2 (1.9) 14.1 (1.1) <0.001

a Test of difference in means compared with the reference group; * Reference group; bold: category for which
consumption statistically significantly differed from the reference category (p < 0.05).

3.1. Fruits and Vegetables

Among 10–13 and 14–17 year olds, and after adjustment, “fruit and vegetable” consumption was
lower in households with a secondary or lower education level than households with postgraduate
education (Table 2). Regional disparities were observed to the detriment of Wallonia (in 10–13 year
olds) and the Brussels-Capital region (in 14–17 year olds) inhabitants, which consumed lower amounts
of “fruits and vegetables” than the Flemish. In the 14–17 year old group only, boys, adolescents whose
mothers were manual workers and those born in Belgium consumed significantly fewer “fruits and
vegetables” daily than girls, subjects whose mothers had a managerial or academic occupation and
those born in EU and outside the EU, respectively. Finally, among 26–39 year olds, subjects living in a
single-parent family and those born in Belgium had lower “fruit and vegetable” consumption than
those couples without children and born outside the EU, respectively.
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3.2. Whole Grain Bread and Cereals

After adjustment, the region of residency was associated with daily mean consumption of “whole
grain bread and cereals”, with Wallonia (in all age groups) and Brussels-Capital region (in 10–13 and
14–17 year old groups) residents consuming smaller amounts than the Flemish (Table 3). Among 10–13
and 14–17 year olds, “whole grain bread and cereal” consumption was lower in households with
secondary or lower education levels than households with postgraduate education. Among 14–17 and
18–25 year olds, subjects born in Belgium ate significantly fewer “whole grain bread and cereals” than
those born elsewhere in the EU. In the 14–17 year old group only, adolescents whose mothers had a
managerial or academic occupation consumed significantly fewer “whole grain bread and cereals” daily
than subjects whose mothers were manual workers, employees, or with an intermediate occupation.

3.3. Refined Starchy Food

After adjustment, in all age groups, except in the 18–25 year old group, subjects living in Wallonia
consumed higher amounts of “refined starchy food” than the Flemish (Table 4). Males consumed
generally higher amounts of “refined starchy food” than females, significantly only among 14–17 and
26–39 year olds. In the 18–25 year old group, subjects speaking mixed languages, including French or
Dutch, consumed higher amounts of “refined starchy food” than those speaking exclusively French
and/or Dutch.

3.4. Sugary Sweetened Beverages

In all age groups and after adjustment, households or responders with a secondary education
level or less consumed higher amounts of SSB daily than those with a postgraduate education, or
a bachelor’s degree depending on the age group (Table 5). Indeed, education level gradients were
observed in the 10–13 and 14–17 year old groups. Among 14–17 and 18–25 year olds, subjects born in
Belgium significantly consumed higher amounts of SSB than those born outside the EU. Among 18–25
year olds, subjects living in Flanders significantly consumed higher amounts of SSB than those living
in the Brussels-Capital region. Among 26–39 year olds, inactive and manual workers showed higher
consumption of SSB than employees or those with an intermediate occupation.
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4. Discussion

Our aim was to determine differences in consumption of four food groups according to
socio-economic and cultural characteristics of adolescents and young adults living in Belgium. In a
representative sample in which diet was measured with two non-consecutive 24h-R, consumption
of food groups to favor (fruits and vegetables, whole-grain products) increased with age. Moreover,
consumption of food groups to limit (refined starchy food and SSB) was the highest among older
adolescents (14–17 years), then decreased with adult age. As in other high-income countries,
diet disparities in fruit, vegetable, and SSB consumption were observed, to the detriment of less
well-educated subjects. In addition, our study provides new findings on whole grain product
consumption disparities in all age groups. Strong regional disparities were found, independently of
SES and for all food groups. Furthermore, our results indicate that oldest adolescents and young adults
who were born in Belgium had less favorable consumption than those born abroad, either within or
outside of the EU. Overall, the socio-economic and cultural influences upon food group consumption
differ according to age group.

Overall, findings related to education and occupation are consistent with disparities observed in
other high-income countries [10–13,15]. Education is considered to reflect health and nutrition literacy,
i.e., the ability to appropriate nutritional information and to implement behavior accordingly [6].
Occupation is associated with the potential influence upon dietary behavior of the work environment,
conditions, and the social network, along with social standing [25]. In addition, education is a
determinant of occupation (and income, unavailable in our study); thus, all these indicators are
interrelated, but are independently involved in dietary disparities [9,26,27]. In all age groups, and
particularly among adolescents in the studied sample, less-well-educated households and subjects
ate smaller amounts of healthy products and higher amounts of unhealthy products than the more
educated. These results are consistent with recent studies among adolescents [10–13] and young
adults [28]. However, disparities in whole grain product consumption had rarely been studied
previously: one German study reported no significant association with parental education [29]. In line
with previous studies [9,11,12,26], occupation was involved in certain dietary disparities, but not in all
age or food groups. Manual workers and inactive subjects, and older adolescents with such parents,
were more likely to have an unhealthy diet (higher amounts of SSB and smaller amounts of fruits and
vegetables, respectively) than other occupational and active categories. However, older adolescents
whose mothers had the highest occupational status were those least consuming whole grain products,
which would require further investigations in order to be explained.

Other new insights have emerged from our findings. Wide dietary disparities were encountered
according to the region of residency in all age groups and independently of socio-economic conditions.
Flanders is socio-economically more advantaged in comparison to Wallonia and the Brussels-Capital
region in terms, for instance, of unemployment rate, poverty, and social exclusion [30]. Walloon
inhabitants (mainly French-speaking) generally had a less healthy diet than the Flemish (mainly
Dutch speakers), which had been previously shown [31]. In multilingual, multiregional Switzerland,
substantial differences in diet were found according to linguistic region: indeed, in the 18–75 year
old population, weighted daily mean intake of vegetables was significantly higher in German and
French regions than in the Italian region, but the daily mean intake of “soft drinks” was higher in the
German region than in the French and Italian regions [32]. Authors pointed out the influence of dietary
habits from bordering countries: the diet observed in each Swiss region was comparable to that in the
neighboring country. Indeed, a parallel could be made between the German community in Switzerland
and the Belgian Flanders community, since they consumed higher amounts of vegetables and SSB
daily than their French-speaking counterparts. In another study on the diversity of dietary patterns in
European countries, the French population consumed fewer soft drinks than other Europeans; in the
Netherlands, juice and soft drink consumption was higher than the European mean [20]. Nevertheless,
in the Netherlands, vegetable and fruit consumption was lower than in other European countries [33],
contradicting the hypothesis of cultural influence from bordering countries on Belgian dietary habits.
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Regional dietary specificities in Belgium may therefore be only partly explained by neighboring
influences, possibly combined with various changes in regional public health policies.

Furthermore, being born in Belgium, as opposed to the EU or outside the EU (depending on the
food group), was globally associated with a less healthy diet (lower amounts of fruits, vegetables, and
whole grain products, and higher amounts of SSB), mainly among 14–17 and 18–25 year olds. Previous
studies on migration disparities in diet showed that migrants—and especially recent migrants [16]—had
higher dietary quality scores [34], healthier patterns [35], and consumed more vegetables than natives or
less recent migrants [16]. In one study, foreign-born subjects also ate more SSB than natives [16], while
this was not the case in the present study. Here, we only made a distinction between migrants from EU
and outside the EU, but more detailed information on country of birth and age at arrival in the host
country should also be investigated, so as to better explore potential acculturation phenomena [36–38]
in a multicultural country such as Belgium.

We also sought to determine whether dietary disparities were life-stage-specific. We observed
that consumption of four emblematic food groups improved with age, being the less favorable among
14–17 year olds. Moreover, in such group of older adolescents, the socio-economic and cultural
characteristics of diet disparities were the most diverse. However, complex interpretation of findings
in 18–25 year olds and limited sample size made it difficult to identify age specificities. It would be
useful to study more in-depth factors involved in dietary behavior during this rather lengthy stage
of “semi-dependency” in young adults, i.e., the influence of family transmission, school, or work
environment, and individual health and well-being. In addition, changes in diet occurring when the
subject becomes responsible for others (partner, children) would be of interest.

For a relevant interpretation of our findings, some limitations should be noted. By definition,
collected SES variables differed according to age group, with certain variables specific to life stage.
For example, parental occupation was collected in 10–13 and 14–17 year old groups, while that of
the subject themselves was collected in adult groups. In the 18–25 year old group, occupational
categories such as managerial or academic were not plausible, so the working status was therefore
coded into “student”, “inactive”, and “active”. The interpretation of occupational disparities between
age groups was therefore limited even if some common trends were observed in the hierarchy of
status. In addition, the 18–25 year old group was composed of two-thirds of students living with their
parents or dependent on their family (median age = 20.3 years), and one-third of non-students living
independently (median age = 23.3 years). This heterogeneity also limited interpretation of potential
disparities between food consumption and household type in this age group. Additional stratified
analyses according to student status would have been useful, but were not feasible due to the small
number of subjects concerned.

Language mainly spoken at home was only associated with refined starchy food consumption in
this study. Categorization of this cultural variable aimed to indirectly and partially explore differences
in literacy and its potential influence on diet [39]. However, the main language spoken in the household
was asked in a semi-open question (Dutch or French option, since they are the two main languages
among the three official languages in Belgium according to region of residency vs. another language,
with open field to specify). Numerous subjects indicated that they spoke more than one language,
without specification of hierarchy; lack of accuracy may therefore be suspected.

Finally, based on two non-consecutive recall days, virtually the entire adolescent and young
adult population under study consumed refined starchy food and fruits and vegetables, while up to
three-fourths of the sample consumed SSB, and up to two-thirds ate whole grain bread and cereals.
In terms of starchy food consumption, the challenge lies in convincing the entire population to more
often replace refined product consumption with whole grain products, since overall consumption
is low. For fruits, vegetables, and SSB, the wide socio-economic and cultural disparities in all age
groups suggest that accessibility [9] and affordability [40] of such products, along with associated
perception of availability [41] and benefits to health [42], are factors that must be considered. Less
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well-educated adolescents and young adults born in Belgium identified as currently consuming fewer
fruits, vegetables, and whole grain products, and more SSB, should be specifically targeted.

5. Conclusions

The present study emphasizes socio-economic and cultural disparities in the consumption of four
food groups in adolescents and young adults living in Belgium. A healthier diet pattern was observed
with age, and our findings suggest that certain disparities may be life-stage-specific. Further analyses
addressing other food group consumption (such as for instance meat, fish and eggs, or dairy products)
or using a prospective design are needed to better understand changes in dietary behavior occurring
between adolescence and young adulthood. Overall, a lower education level, birth in Belgium, and
living in Wallonia (excepted for SSB consumption) were independently associated with less healthy
dietary habits in all age groups. These characteristics, which had not been previously elucidated, along
with regional specificities, should be taken into account in future public nutrition interventions.
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Abstract: This study aimed to examine the patterns of, as well as the predictors for, Chinese adolescents’
food preferences. Using the national data of the China Health and Nutrition Survey (CHNS),
we analyzed the data of 697 adolescents in the age range of 12 to 17 years. Latent class analysis
revealed four types of food preferences: varied diet (37.09%, n = 254), avoiding vegetables (19.69%,
n = 131), low appetite (7.56%, n = 50), and healthy diet (35.66%, n = 222). Major predictors for food
preferences included demographic variables (e.g., gender, urban versus rural residence), nutrition
knowledge, preference for activities, and social attitudes. Results did not show any significant
differences in BMI z-scores among the four latent classes. However, there were significant differences
in the number of sleeping hours among the classes.

Keywords: latent class analysis; food preference; Chinese; adolescents

1. Introduction

Food preference refers to the degree of liking or disliking food [1]. Ample evidence has indicated
that food preference is closely related to a variety of physical health outcomes, such as micronutrient
inadequacy [2], obesity [3], cardiovascular disease [4], and cancer [5]. Given the rising rates of obesity
and vascular disease [6] and the poor dietary choices in China [7], promoting healthy diet (e.g., fruit and
vegetable intake) has become a vital issue for public health [8].

It has been suggested that one important way to improve dietary quality at the population level is
to identify behaviors and related characteristics affecting one’s adherence to dietary recommendations
and guidelines [9]. As such, it would be meaningful to explore potential predictors or risk factors (e.g.,
food preference) associated with unhealthy dietary patterns. Despite being related to each other, past
research has distinguished between dietary patterns and stated preferences for food [10]. The former
speaks to one’s actual food consumption and dietary history, whereas the latter reflects the underlying
attitude and motivation. Our study focused on food preferences, and it differed fundamentally from
recent studies on dietary patterns (e.g., Zhen et al. [11]). Specifically, the food preferences were measured
with attitude-related questions (e.g., how much do you like fast food?) in our study, while the dietary
patterns were measured with questions tapping into children’s actual behavior or dietary history (e.g.,
“whether you had rice, noodles, candy, milk in the past three days”) in Zhen et al. [11]. Differentiation
of dietary patterns and preferences is particularly important for children and adolescents, as their
actual food consumption is often contingent on their parents’ decision [12].

Many studies have indicated that food preference is a complex phenomenon, as it is premised on
a range of psychological, social, and cultural factors [13,14]. Pearson et al. [13] found that individual
habits (e.g., eating while watching TV), social environment (e.g., parental pressure to eat), and physical
environment (e.g., availability of fruits and vegetables at home) together influenced young adolescents’
preference for consumption of fruits and vegetables. Verstraeten et al. [15], in a sample of 784 school-age
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Ecuadorian adolescents, found that both individual factors (e.g., perceived benefits of food) and
environmental factors (e.g., school support and parental permissiveness) significantly affected one’s
eating behaviors (e.g., vegetable intake, unhealthy snacking). Examining the relationship between
food consumption and physical activity, Choi and Ainsworth [16] found that active men consumed
more grain products, fruits, and vegetables than did the sedentary people. On the other hand, active
women tended to consume more legumes and vegetables than did the sedentary ones. Fussner, Luebbe,
and Smith [17] showed that disordered eating symptoms were significantly associated with one’s
sensitivity to social reward and social punishment. More succinctly, de Ridder et al. [18] concluded
that individual factors (e.g., intentions, self-regulatory skills) and social/environmental factors (e.g.,
social norms, availability) are the most important determinants of a healthy diet.

Adolescence, an important transition stage from childhood to adulthood, entails dramatic
biological, emotional, and cognitive changes [19]. With these changes, adolescents are particularly
susceptible to inadequacies of nutrients [20]. The effects and consequences of dietary patterns during this
important transition period have received considerable attention in the research literature. Movassagh
et al. [21] identified five types of dietary patterns (i.e., “Vegetarian-style”, “Western-like”, “High-fat,
high-protein”, “Mixed” and “Snack”) among adolescents. Furthermore, the vegetarian-style dietary
pattern during adolescence had a positive long-term impact on one’s bone health.

In addition to the dietary issues associated with adolescents, researchers have been paying more
attention to the relationships between dietary factors and other related health issues (e.g., body weight,
sleep). For the relationship between adolescents’ dietary factors and weight change, Laska et al. [22], in
a sample of adolescents in Minnesota, found that their diet soda intake was positively related to BMI
among females, but not among males. Also, past research supported the linkage between diet and sleep
quality, although the mechanism underlying the linkage is not always clear. Peuhkuri, Sihvola, and
Korpela [23] summarized past studies and contended that food intake could affect sleep. They pointed
out that a balanced and varied diet (e.g., rich in vegetables, fruits, whole grains, low-fat protein) could
improve sleep, because such diets might stimulate the synthesis of serotonin and melatonin that were
conducive to better sleep. Similarly, St-Onge, Mikic, and Pietrolungo [24] noted that past studies,
though mixed and focusing on short-term effects, tended to support the conclusion that some foods
(e.g., fish, fruits, vegetables) were sleep-promoting. St-Onge et al. [24], however, called for clinical
studies as to exploring the long-term effects of dietary patterns on sleep duration and quality. Notably,
recent research has begun to examine the dynamic relationship between diet and sleep duration, as
well as the implications for weight-related outcomes, obesity, and other chronic diseases [25].

Given that nutrition intake is a cultural and biological process, rather than a mere physiological
and biochemical process [26], prior findings on food consumption in western cultural context might
not be readily generalizable to Chinese adolescents. Moreover, to date, little research has been
conducted to explore Chinese adolescents’ food preferences and the related predictors and health
risks thereof [27,28]. For instance, Shi et al. [28] found that more than half of Chinese students
reported liking for Western-style fast foods (hamburgers, soft drinks and chocolate). Nonetheless,
the studies of Shi et al. [28] and Deng [27] mainly focused on the influences of SES (socioeconomic
status) on adolescents’ food preferences. As a matter of fact, despite being potentially predictive of
Chinese adolescents’ food preferences, a broad range of psychological, social, and cultural factors
remain understudied.

Overall, past research on adolescents’ food preferences mainly focused on the western cultural
context. In contrast, food consumption of youngsters is particularly understudied in Asian cultures
such as China. In the present study, using a national dataset and the analytic approach of Latent
class analysis (LCA) model, we aimed to explore the typology and potential predictors/correlates (e.g.,
demographics, nutrition knowledge, preference for physical activities, social attitudes, sleep hours) of
food preferences.

68



Nutrients 2019, 11, 2124

2. Methods

2.1. Data Description

We used the publicly available data of the “China Health and Nutrition Survey” (CHNS), which
was sponsored and designed by the Carolina Population Center at the University of North Carolina at
Chapel Hill and the National Institute of Nutrition and Food Safety at the Chinese Center for Disease
Control and Prevention. The survey focused on health and nutritional issues of Chinese population.
An important goal of the project was to investigate the impact of changes, occurring at community,
household, and individual levels, on one’s health/nutrition behavior and outcomes.

The first wave of the survey was in 1989, and since then, there have been ten waves of data
collection. In this study, we used the most recently released wave of data collected in 2011, covering
289 communities and 5923 families, with 15,725 participants in total. Data for major variables in the
present study are available only for those above 12 years old. With this restraint, we identified a total
of 697 adolescents between 12 and 17 years old as the sample of this study.

Of the 697 participants, 51.5% were male and 48.5% were female. The average age was 14.25 years
old with a standard deviation of 1.65. As for education, 35.6% of the adolescents were elementary school
students and 48.8% were middle/high school students. Also, 48.5% of the participants were living in
urban regions, whereas 51.5% were living in rural regions at the time of survey. Table 1 presents the
descriptive statistics for the total sample.

Table 1. Descriptive statistics for the total sample (n = 697).

Mean ± SD/% (n) Min-Max Skewness Kurtosis

Gender (male = 1) 51.5% (359) 1–2 0.06 −2.01
Education (primary school = 1) 35.6% (248) 1–5 0.64 0.73
Residence (urban = 1) 48.5% (338) 1–2 −0.06 −2.00
Age 14.25 ± 1.65 12–17 0.18 −1.12
BMI 19.61 ± 3.44 13.24–37.99 1.05 1.79
Sleeping hours 8.37 ± 1.04 5–12 0.23 0.59

Dietary knowledge

Choose fruits/vegetables 3.72 ± 0.83 1–5 −1.14 1.21
Eating sugar 2.15 ± 0.62 1–5 1.23 2.81
Eating a variety of food 3.73 ± 0.74 1–5 −1.38 2.15
Diet high in fat 2.11 ± 0.69 1–5 1.18 2.39
Diet of staple food 3.15 ± 0.96 1–5 −0.29 −0.95
Diet of animal products 2.64 ± 0.93 1–5 0.51 −0.82
Reducing fatty meat 3.69 ± 0.82 1–5 −1.26 1.33
Milk and dairy products 4.00 ± 0.54 1–5 −1.87 9.95
Beans and bean products 3.99 ± 0.53 1–5 −1.77 9.92

Preference for activities

Walking 2.54 ± 0.89 1–5 0.61 0.05
Sports 3.69 ± 1.07 1–5 −0.44 −0.78
Body building 2.86 ± 0.98 1–5 0.49 −0.40
Watching TV 4.05 ± 0.86 1–5 −0.87 0.82
Playing games 3.78 ± 1.09 1–5 −0.52 −0.79
Reading 3.52 ± 0.94 1–5 −0.27 −0.61

Life attitudes

Praise from parents 2.32 ± 0.77 1–4 0.35 −0.14
Being liked by friends 2.34 ± 0.85 1–4 1.68 10.47
Look fashionable 2.35 ± 0.82 1–4 1.13 6.47
Achieve high scores in school 2.34 ± 0.86 1–4 1.67 10.38

Notes: The amount of missing data varies across variables.
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2.2. Instruments

Food preferences. Respondents were asked to describe how much they like (“dislike very much,”
“dislike,” “neutral,” “like,” “like very much,” or “does not eat this food”) five kinds of food: (1) fast
food (KFC, pizza, hamburgers, etc.); (2) salty snack foods (potato chips, pretzels, French, fries, etc.);
(3) fruits and vegetables, and (4) soft drinks and sugared fruit drinks. According to Collins and Lanza
(2010) [29], Likert-scale responses are often categorized into binary responses in latent class analyses
for ease of interpretation. Thus, the responses to each question for food preferences were collapsed into
two categories (‘like’ and ‘dislike’). Specifically, responses of both “like very much” and “like” were
grouped into one category of “like,” whereas responses of “dislike very much,” “dislike,” “neutral,” or
“does not eat this food” were grouped into the other category of “dislike.” This approach is consistent
with the research practice in previous research (e.g., Hardigan & Sangasubana [30]).

Background variables. Data on social economic status (SES) and other demographic variables
were collected from the participants. For the present study, we focused on the following variables:
gender, age, education, residence (urban rural rural), BMI, and hours of sleep per day. For gender, male
was coded as 1 and female was coded as 2. Age was calculated by subtracting the year of birth from
the time of interviewing. Education was classified into five categories ranging from primary school to
college. Hours of sleeping was measured by a single item asking for the total hours spent on sleeping
in daytime and at night. The BMI was derived from self-reported weight and height [31]. As suggested
by Cole, et al. [32], BMI z-score is the optimal measure of adiposity on a single occasion (i.e., not
longitudinal change), and so we used the BMI z-score calculated via the R package childsds [33].

Nutrition knowledge. Respondents’ knowledge of nutrition was measured by nine items on
5-point Likert scale. The instruction asked the respondents about the degree to which they would
agree with each of the nine statements. Some example items were: “choosing a diet with a lot of fresh
fruits and vegetables is good for one’s health,” “choosing a diet with a lot of staple foods ‘rice and
rice products and wheat and wheat products’ is not good for one’s health,”, and “consuming a lot of
animal products daily (fish, poultry, eggs and lean meat) is good for one’s health.”

Preference for activities. Six items were used to measure participants’ preference for activities.
Response options ranged from 1 (dislike very much) to 5 (like very much). Listed activities include
walking/Tai Chi, sports (ping pong, badminton, tennis, soccer, basketball, volleyball), body building,
watching TV, playing computer/video games/surfing the internet, and reading.

Social attitudes. Four items were used to assess the respondents’ social attitudes on a 1–4 Likert
scale. Participants were asked of the degree to which they care about the following: (a) being praised by
their parents, (b) being liked by friends, (c) looking fashionable, and d) achieving high scores in school.

Sleeping. One item was used to measure an adolescent’s sleeping duration. The item reads as
“including daytime and nighttime, how many hours do you typically spend on sleeping each day?”

2.3. Data Analysis

Latent class analysis (LCA) is a technique often used for identifying “latent” (i.e., unobserved)
subgroups of individuals with distinct patterns of responses [34]. Previous studies have shown the
advantages of using LCA to identify distinct patterns of food preferences. Specifically, the technique
allows researchers to identify different “classes” (i.e., groups) of individuals, with members within
the same group being relatively similar and those across groups being relatively dissimilar in food
preferences. Once these “latent classes” are statistically identified, it is possible to examine the unique
characteristics of each class [35]. Furthermore, identifying subgroups via LCA is especially useful
for designing prevention/treatment programs targeting specific groups with higher level of health
risk [36].

Latent class analysis was conducted using Mplus version 8.3 [37] with the robust maximum
likelihood estimator (MLR). A large number of starting values (500 random sets of start values
with 100 best solutions retained) were used to explore the true highest log likelihood value [38].
Comparing models with 1 to 5 profiles, we searched for the optimal number of latent profiles through
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the following fit indicators: Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC),
Sample Size Adjusted BIC (SABIC), Bootstrapped Likelihood Ratio Test (BLRT), Lo-Mendell-Rubin
Adjusted Likelihood Ratio Test (LMRT), and Entropy. Generally speaking, lower values of the AIC,
BIC, and SABIC suggest a better model fit, whereas higher values of entropy suggest better quality of
classification. The two indices of LMRT and BLRT w employed to compare the discrepancy between
two models (k classes versus k-1 classes), with statistical significance suggesting that the model with
k-1 classes is preferable. However, these fit indices should not be treated as iron rules for comparing
models; rather, researchers should take into consideration practical interpretability and theoretical
implications in the model-selection process [39,40].

After identifying the optimal number of classes in the sample, we explored the characteristics
of the profiles by adding covariates into the LCA model, in light of the recommended three-step
approach [41]. The number of predictors was also controlled for all the steps of the statistical procedure.
Specifically, conducting multinomial logistic regressions, we investigated the predictive power of
multiple variables (demographic variables, personal knowledge of nutrition, preference for activities,
and one’s social attitudes) for the class memberships. Furthermore, we examined whether adolescents
in different classes would differ in BMI and in hours of sleeping. For the very small amount of missing
values, we used the list-wise deletion method to handle the missing data, as the percentage of missing
values on major variables was generally less than 2%, which could be considered inconsequential in
reference to the general standard of 5% [42].

3. Results

3.1. Latent Class Analysis

The values of the fit indicators for model comparison in LCA are reported in Table 2. Specifically,
we listed the model fit information for five different models, ranging from 1 class to 5 class. The LL
denotes the likelihood ratio of each model, whereas AIC, BIC, and SABIC serve as fit indices of the
models. Typically, the smaller the three aforementioned fit indices, the better model fit. The LMRT and
BLMRT were conducted to compare two nested models, with statistical significance suggesting that
the compared two models are significantly different from each other. Entropy indicates the accuracy of
classification, with a larger value indicating higher classification accuracy. The mixing ratio represents
the proportion of each latent class in the population. The results showed that the values of the AIC,
BIC, and SABIC deceased with the number of latent classes increasing from 1 to 4 incrementally.
However, with the number of classes increasing from 4 to 5, values of these indices did not decrease
anymore. Furthermore, in terms of BLRT, the p value for the 5-class model was greater than 0.05 (i.e.,
non-significant), indicating that the 5 class model was not better than the 4 class model. The p values
of the LRT showed the 4-class model was better than the models with a smaller number of classes.
The values of Entropy, ranging from 0.67 to 0.86, also supported the superiority of the 4-class model
over the alternative ones.

Table 2. Fit indices and class proportions for the 1 to 5 class models.

Classes LL AIC BIC SABIC LMRT p-Value BLRT p-Value Entropy Mixing Ratio

1 −1987.80 3985.60 4008.04 3992.17 - - - -
2 −1853.49 3728.98 3778.35 3743.42 <0.001 <0.001 0.67 0.45/0.55
3 −1793.25 3620.50 3696.79 3642.82 <0.001 <0.001 0.74 0.46/0.16/0.38
4 −1765.63 3577.25 3680.47 3607.44 <0.001 <0.001 0.84 0.37/0.08/0.20/0.35
5 −1761.94 3581.89 3712.03 3619.96 <0.05 >0.05 0.86 0.34/0.38/0.03/0.07/0.18

Notes: LL = the Log Likelihood; AIC = the Akaike Information Criterion; BIC = the Bayesian Information Criterion;
SABIC = the Sample-Size Adjusted BIC; LMRT = the Lo-Mendell-Rubin Adjusted Likelihood Ratio Test.

3.2. Characteristics of Latent Classes

Figure 1 and Table 3 show the patterns of scores on food preference items for each identified
class. Specifically, presented in Table 3 are the probabilities of endorsing each item by the respondents
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classified into a particular class. Figure 1 presents the profiles of each class for the 4 class solution.
Class 1, accounting for 19.69% of the sample, was labeled avoiding vegetables, because participants
in this class showed strong preferences for all types of food except vegetables. Class 2, accounting
for 37.09% of the sample, was labeled varied diet, as participants in this class were characterized by
strong preferences for all five types of food. Class 3, accounting for 7.56% of the sample, was labeled
low appetite, as participants in this class showed weak preferences for all five types of foods or drinks.
Class 4, accounting for 35.66% of the sample, was labeled healthy diet, because participants in this class
had strong preferences for healthy food types (i.e., fruits and vegetables) but weak preferences for
unhealthy food types (i.e., fast food, salty snack food, and soft drinks).

 

Figure 1. Description of the patterns of food preferences. x-axis = indicators of food preferences (i.e.,
fast food, salty snack, fruits, vegetables, soft drinks/sugared fruit drinks); y-axis = probability of a
“Like” response to each food preference item conditional on latent status membership.

Table 3. Item response probabilities for the four latent classes (avoiding vegetables, varied diet,
low appetite, and healthy diet).

Four Latent Classes of Food Preferences

Types of Food
Avoiding Vegetables Varied Diet Low Appetite Healthy Diet

19.69%
(n = 131)

37.09%
(n = 254)

7.56%
(n = 50)

35.66%
(n = 222)

Mean ± S.E. Mean ± S.E. Mean ± S.E. Mean ± S.E.

Fast food 0.88 ± 0.05 0.82 ± 0.04 0.13 ± 0.07 0.07 ± 0.04
Salty snack food 0.85 ± 0.04 0.88 ± 0.04 0.10 ± 0.08 0.19 ± 0.05

Fruits 0.62 ± 0.05 0.97 ± 0.01 0.01 ± 0.39 1.00 ± 0.00
Vegetables 0.00 ± 0.00 1.00 ± 0.00 0.15 ± 0.06 0.82 ± 0.07

Soft/sugared fruit drinks 0.82 ± 0.04 0.88 ± 0.03 0.22 ± 0.08 0.48 ± 0.05

3.3. Predictors of Latent Class Membership

To explore how different variables were related to class membership, we used multinomial
logistic regression as follow-up analysis to LCA, and examined how different sets of variables could
be predictive of the membership in one of the four latent classes. Because multiple post-hoc group
comparisons of LCA could lead to inflated overall Type I error rate, we used Bonferroni method for
better control of Type I error. To balance statistical power and the Type I error control, we set the
overall significance level at 0.10. Thus, the Bonferroni-corrected significance level under each of six
comparisons, as shown in Table 4, was set at α = 0.10/6 ≈ 0.02.
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Food preference and demographic variables. Among the background variables, compared to
boys, girls were less likely to be in the class of low appetite (OR = 0.52, p < 0.02). Rural participants were
more likely to be in the class of healthy diet than urban participants (OR = 1.62, p < 0.02). The higher the
education, the less likely one would be in the class of avoiding vegetables. Compared to younger ones,
older adolescents showed a higher likelihood of being in the class of low appetite (OR = 1.24, p < 0.02)
and lower likelihood of being in the class of avoiding vegetables (OR = 0.77, p < 0.02).

Food preference and nutrition knowledge. Out of the 12 variables for nutrition knowledge,
nine factors showed statistically significant predictive effects on adolescents’ food preferences.
Those believing that eating fruits and vegetables are good for health were less likely to be in
the class of low appetite than others. Those favoring eating sugar had a high likelihood to be in the
classes of low appetite or avoiding vegetables (OR = 1.47~1.69, p < 0.02), but low likelihood to be in the
class of healthy diet (OR = 0.48~0.56, p < 0.01). Those who favor dairy food or milk were less likely to
be in the class of low appetite (OR = 0.49, p < 0.02), but were more likely to be in the class of avoiding
vegetables (OR = 1.74, p < 0.02) or healthy diet (OR = 1.67, p < 0.02). Those who favor animal products
were less likely to be in the class of healthy diet (OR = 0.61~0.75, p < 0.02). Results also showed that
those favoring beans were less likely to be in the classes of low appetite (OR = 0.51, p < 0.02) or avoiding
vegetables (OR = 0.67, p < 0.02) than in the class of varied diet.

Food preference and activity preference. Walking was associated with lower likelihood to be in the
class of avoiding vegetables (OR = 0.71, p < 0.02), whereas sports was associated with lower likelihood
of being in the class of low appetite (OR = 0.71, p < 0.02) but higher likelihood of being in the class of
healthy diet (OR = 1.41, p < 0.02). Body building did not emerge as a significant predictor of any latent
class. Watching TV was predictive of lower likelihood of being in the classes of low appetite (OR = 0.41,
p < 0.001) and healthy diet (OR = 0.51, p < 0.001), but predictive of higher likelihood of being in the class
of avoiding vegetables (OR = 2.24, p < 0.001). The effect of playing games showed a pattern similar to
that of watching TV. Interestingly, preference for reading predicted lower likelihood of being in the
class of low appetite (OR = 0.57, p < 0.01) but higher likelihood of being in the classes of heathy diet
(OR = 2.09, p < 0.001) and avoiding vegetables (OR = 1.51, p < 0.02).

Food preference and social attitudes. High social attitudes (i.e., caring about parents’ compliments,
friends’ likes, being fashionable, and school performance), in general, predicted higher likelihood
of being in the class of varied diet than in the classes of low appetite (OR = 0.38~0.41, p < 0.01),
avoiding vegetables (OR = 0.72~0.74, p < 0.02), and healthy diet (OR = 0.58~0.66, p < 0.02). But, between
classes of avoiding vegetables and low appetite, higher social attitudes signified higher probability of
belonging to the former group (OR = 0.93~0.96, p < 0.02).

3.4. Latent Class Membership, BMI and Sleeping Hours

The results showed no statistically significant differences of BMI z-scores among the four latent
classes. Interestingly, there was significant difference of sleeping hours among the classes (χ2(3) = 8.35,
p = 0.039). Specifically, adolescents in healthy diet group (M = 8.47, SE =0.07) reported longer hours
of sleeping than those in low appetite group (M = 8.10, SE = 0.14, χ2(1) = 6.12, p < 0.01) and those in
avoiding vegetables group (M = 8.24, SE = 0.09, χ2(1) = 4.34, p = 0.037). Although adolescents in healthy
diet group (M = 8.33, SE = 0.07) reported longer sleeping hours than those in low appetite and avoiding
vegetables groups, the differences were not statistically significant.

4. Discussion

The present study used a national dataset from China and explored adolescents’ food preferences
and factors related to such preferences. To our knowledge, our study is the first one using the approach
of latent class analysis (LCA) to study Chinese adolescents’ food preferences. This method has proven
to be very useful to identify latent groups, and it provides a novel perspective on prevention and
treatment. At the theoretical level, our study contributes to the differentiation between food preference
and actual food consumption. Food preferences should be conceptualized as an attitude-related
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construct instead of a behavior such as actual food consumptions. In this regard, in spite of the studies
focusing on the patterns of food consumptions among Chinese adolescents (e.g., [11]), our study is
significantly different due to the fact of its focus on food preferences, which have been shown to be
related to eating behaviors and psychological well-being We identified four types of food preferences:
avoiding vegetables, varied diet, low appetite, and healthy diet. Adolescents in the classes of varied diet and
healthy diet accounted for more than 70% of the total respondents. It seems that vegetables and fruits
were the major types of food that distinguished respondents’ food preferences. Soft drink and fast
food, however, were favored options by a large proportion of adolescents.

5. Significant Findings and Implications

Our study found that demographic variables played a significant role in predicting adolescents’
food preferences. Girls were more likely to be in the class of healthy diet than boys. Although the
present study was conducted in the Chinese cultural/social context, the findings echoed those of
prior studies conducted in western cultural/social contexts. For example, Caine-Bish and Scheule [43]
surveyed American children and reported that food preferences differed across gender. Furthermore,
the gender difference varied among elementary, middle, and high school students. Their findings
revealed that boys preferred meat, fish, and poultry food, whereas girls preferred fruits and vegetables.
Considering the consistency of gender difference in food preference across cultures, practitioners may
take into account the role of gender while designing dietary interventions for Chinese adolescents.

One interesting finding speaks to the impact of residence status. In China, people’s residence is
roughly classified into two types: urban residence vs. rural residence. Urban residents rarely have
resources for farming or growing crops or vegetables. In contrast, rural residents are more likely to
have access to rich supplies of vegetables. Such a difference may explain why adolescents of rural
residence were more likely to be in the class of healthy diet, but less likely to be in the class of avoiding
vegetables than those of urban residence. It is plausible that those growing up in rural regions had
easy access to vegetables and formed the habit of eating vegetables over time. As prior studies have
shown [44], accessibility of food is a significant predictor of food preference. Thus, health education
and promotion programs in China should take into consideration the differences between urban and
rural residence.

Regarding the impact of nutrition knowledge, an interesting finding is that nutrition knowledge
appears to influence one’s food preferences. More specifically, our results showed that one’s nutrition
knowledge about sugar, animal products, and dairy food was predictive of his/her food preferences.
Research has shown that nutrition knowledge is closely related to food intake, especially for healthy
eating. Therefore, improving nutrition knowledge could be a target for health education campaigns for
promoting healthy eating [45]. On this note, school-based nutrition education for Chinese adolescents
could play an important role in promoting healthy eating.

As for the relationship between activity preference and food preferences, the finding about watching
TV was in line with prior findings that heavy TV watching may increase children’s preferences for
unhealthy foods (e.g., high carbohydrate and high fat foods) [46,47]. Not surprisingly, the amount of
computer-game playing also emerged to be a significant predictor of food preferences. Past research
has shown that both watching TV and playing computer games increased adolescents’ cravings for
unhealthy snacks and drinks [48]. Our finding speaks to the common nature of the two media activities,
which are sedentary and addictive [49,50]. A bit puzzling is the relationship between reading and food
preferences, with reading being associated with higher likelihood of being in the class of healthy diet as
opposed to the classes of low appetite or avoiding vegetables. One plausible explanation is that those
enjoying reading might have learned more about nutrition and healthy dietary practice.

The linkage between social attitudes and food preferences may attest to cultural/social influences.
Interestingly, we found that those who cared about parents’/friends’ views and one’s own social images
were more likely to be in the class of varied diet, as opposed to be in the other three classes. It is likely
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that those with higher scores of social attitudes are adaptable to different life contexts, and hence more
readily acceptable to varying food choices.

Our study did not reveal any significant differences in BMI z-scores among the four classes of
individuals. This finding, however, is in line with some previous studies showing that food preferences
were not related, or only marginally related, to BMI [3,51]. Food preferences could be related to
nutrition status, but not necessarily to BMI [52].

Finally, the study revealed that adolescents with a high variety of food consumption (i.e., varied diet)
or healthy food consumption (i.e., healthy diet) had longer sleeping hours than those with a low variety
of food consumption (i.e., low appetite) or unhealthy food consumption (i.e., avoiding vegetables).
Past research has provided empirical evidence on the linkage between sleep duration and dietary
behaviors [53]. For example, Franckle et al. [54] reported that insufficient sleep among children and
adolescents was linked to unhealthy dietary behaviors (e.g., decreased vegetables consumption).
Future dietary interventions among Chinese adolescents may consider incorporating strategies for
improving adolescents’ sleep duration.

6. Limitations and Future Directions

The present study has several limitations. First, although we used a national sample of adolescents,
the sample size may not be large enough to generalize the findings to the general adolescent population.
Second, the measurement of food preferences and nutrition knowledge may not be satisfying due to
the small number of items; thus, we highly encourage future researchers to conduct similar studies by
using more standardized and well-established instruments (e.g., the General Nutrition Knowledge
Questionnaire [55], the Adult Eating Behaviour Questionnaire [56,57]). In reality, there is a much
larger variety of food that adolescents consume in their daily lives. Future research should consider
more comprehensive instrument(s) to assess food preference. Third, social factors could be much
broader, relating to family, community, and cultural contexts. The current study only assessed
participants’ general attitudes toward parents, friends, and school. Future studies should consider
the multidimensional nature of social environment and explore more potential factors in this regard.
Adolescence is a vital stage in one’s formation of outlooks about life and the world. It would be
important to understand what habits and preferences for food will carry over into adulthood and have
a lasting impact. Research has shown that adolescents’ food preference is related to their general health
and well-being. Researchers, if possible, should look at the potential consequences, both proximal and
distal, of different food preferences.

7. Conclusions

Our study identified four different types of food preferences among Chinese adolescents,
with each presenting its own unique characteristics. We further revealed that various factors (e.g.,
gender, residence, and nutrition knowledge) were closely related to the types of food preferences.
Future dietary interventions (e.g., school-based nutrition education) should target specific groups
of Chinese adolescents with attributes known to be associated with low vegetable or high fast
food consumption.
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Abstract: High intake of sugar-sweetened beverages (SSB) has been associated with weight gain and
chronic disease. The objective of this paper was to study the intake of SSB and characteristics associated
with SSB intake in adolescents from Troms, Norway. We present results from a cross-sectional analysis
from the Tromsø Study: Fit Futures, with 426 female and 444 male students aged 15–17 years (93%
participation rate). Descriptive statistics and logistic regression analyses were performed. Among
females, 31.8% drank at least one glass of SSB per day on average, compared to 61.0% among males.
The adjusted OR (odds ratio) of daily SSB drinking for males vs. females was 3.74 (95% CI (confidence
interval) 2.68–5.22). Other dietary habits such as eating snacks, drinking artificially sweetened
beverages, fruit juice, and seldom eating breakfast were associated with higher odds for daily
SSB drinking, as was daily snuffing. Weight class was not associated with daily SSB drinking.
Students in vocational studies, particularly males tended to be more likely to be daily SSB drinkers.
The prevalence of participants who on average were daily drinkers was higher than in national
studies. We have identified several possible targets for interventions. Clustering of unhealthy
behaviours and tendencies to socioeconomic differences are of particular concern.

Keywords: adolescent; dietary behaviour; nutrition; Norway; sugar-sweetened beverages

1. Introduction

High intake of sugar-sweetened beverages (SSB) [1] has been associated with several health
outcomes. Estimates from the Global Burden of Disease collaboration suggest that worldwide,
184,000 deaths per year are attributable to SSB consumption, mainly due to type 2 diabetes (n = 133,000),
but also due to cardio-vascular diseases, and cancer [2]. A recent review on diabetes type 2 suggests a
13% higher incidence per serving per day, after adjustment for adiposity [3]. High sugar intake leads
to dental decay [4], and SSB is one of the major sugar sources in many demographic groups, including
Norwegian youths [5,6]. High SSB intake has also been associated with dental erosion, weight gain,
and obesity, although the evidence is not unequivocal [7–9]. While it is the high sugar content that
is associated with dental caries, the dental erosion is due to acidity [4,7], and therefore, replacement
of SSB with light or artificially sweetened beverages might be beneficial for caries, but not have
much effect on erosions. Dental caries has been the most common chronic disease of childhood [10],
and damage to the permanent teeth due to caries or erosion, cannot be reverted.

The intake of SSB has been high in Norway, and the authorities have taken initiatives to reduce
the intake [11,12]. In the period this study is covering, the aim was to reduce the number of daily
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consumers of SSB with 20% [13]. Over time, the trend in SSB intake among Norwegian children and
adolescents has changed: Nationally representative cross-sectional studies performed in 1989–2001 as
part of the international Health Behaviour in Among School-aged Children (HBSC) study, showed both
a clear increase in frequency of intake of SSB and an increase in daily users over time [14]. More recently,
from the 2005/06 survey, the reported intake has been lower, though not with a continuous decreasing
trend [11,15]. In 2014, 11% of the males and 5% of the females drank SSB daily [16]. Another study
comparing cross-sectional data from 11–13-year-old children before and after initiatives to reduce SSB
consumption showed that the intake of lemonade and regular soft drinks, decreased, the intake of diet
soft drinks increased, while juice consumption increased in males, and decreased in females [12].

A higher intake or frequency of intake, of SSB among males [12,15,17,18] and those with lower
socio-economic status [12,17] is commonly reported, but in the HBSC study, there was no socio-economic
difference in SSB consumption [11]. Some have questioned whether the association between SSB intake
and type 2 diabetes is due to the sugar content of the SSB or related lifestyle factors such as other
dietary practices, or (lack of) physical activity [19]. Intake of SSB has been associated with lifestyle
factors such as physical activity and smoking [18]. Finally, consumption of SSB has been associated
with parental modelling and regulation [20–22]. Earlier studies have suggested both poorer dietary
habits among adolescents in Northern Norway [23], and found higher prevalence of dental caries
as compared to southern parts of the country [24,25]. Our aim was to assess the proportion of daily
consumers of SSB in 15–17-year-old adolescents from Troms, Norway, and their characteristics.

2. Material and Methods

The Tromsø study: Fit Futures is a population based longitudinal study with repeated measures of
various indicators of lifestyle and health among adolescents [26]. The current paper is a cross-sectional
analysis from the first survey in 2010–11, where all 1st grade students from all the eight upper
secondary schools in Tromsø and Balsfjord municipalities were invited to participate. The catchment
area includes both urban and rural populations. In 2010, 1301 students were enrolled as 1st year
upper secondary school students, but 70 persons quit before Fit Futures 1 was conducted. Furthermore
114 students were sick or not reached for other reasons, leaving 1117 students who were invited to
participate [26]. From those invited, 1038 students attended the study, giving a 93% participation rate.

Students were given time off from school and transported to the Clinical Research Unit of
the University Hospital of North Norway, where trained personnel performed anthropometrical
measurements, took blood samples, performed physical examinations, and conducted clinical
interviews. The students completed self-administered digital questionnaires on a variety of health and
lifestyle topics in addition to those detailed below. Information regarding school study programme
was collected from school records. The Tromsø study: Fit Futures has been described in more detail
elsewhere [26].

The age of the participants ranged between 15 and 28. Adolescents following a typical Norwegian
educational progress are between the ages of 15–17 at 1st year of upper secondary school, and therefore
students 18 years and older were excluded from the analyses (n = 77). Exclusions were also made
for those missing data on variables used in the main analyses (n = 95), which therefore included
870 students, 426 females and 444 males.

The Norwegian Data Protection Authorities and the Regional Committee for Medical and Health
Research Ethics have approved the Fit Futures study (ref no 2009/1282 and 2012/1904). The study
was conducted in accordance with the Declaration of Helsinki. All participants in Fit Futures signed
an informed consent declaration. For students under the age of 16 additional written consent was
provided by their guardians.

2.1. Dietary Variables

The questionnaire assessed consumption frequency of 14 different foods/food-groups and
10 different beverages. The questions on diet can be found in supplementary file 1. Questions
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regarding beverages had the response categories “seldom/never”, “1–6 glasses per week”, “1 glass
per day”, “2–3 glasses per day” and “4 glasses or more per day”. The replies to the two questions on
sugar-sweetened carbonated and non-carbonated soft drinks were summed based on the category
midpoints (e.g., if they answered 2–3 glasses per day on both questions, it would be counted as
5 glasses per day). A binary variable was constructed, distinguishing between those who, on average,
drank SSB daily and not. Similarly, the two questions on light/artificially sweetened carbonated
and non-carbonated beverages were combined into one, as were the four questions on milk/yoghurt.
The new variables were categorized in order to avoid low cell counts.

For fruits and vegetables (two questions), the categories were “seldom/never”, “1–3 times per
month”, “1–3 times per week”, “4–6 times per week”, “1–2 times per day”, “3–4 times per day” and
“5 times per day”. These variables were combined into one variable for number of fruits and vegetables
eaten per day. This variable was not normally distributed, and therefore recoded into a categorical
variable with four categories, based on the distribution. The variables for sweets (e.g., chocolate and
drops) and sweet and savoury snacks (e.g., potato crisps, cakes, cookies, buns) had the same categories
as the fruit and vegetables, except “every day” was the highest frequency. Again, categories were
combined on a-variable-to-variable basis in order to avoid low cell counts.

We assessed frequency of eating breakfast, dinner (the main hot meal), and lunch. As Norwegian
students are not served meals at school, those who do not bring their lunch from home (usually
sandwiches) often buy something to eat at some nearby store/kiosk, or possibly a canteen. Therefore,
bringing lunch from home could be a marker of a healthier diet, or stronger parental control.
For breakfast and dinner, the response categories were “every day”, 4–6 days a week”, “1–3 days
a week” and “seldom/never”. For lunch brought to school, categories were “every school day”,
“3–4 days a week” “1–2 days a week”, and “seldom/never”. Breakfast and lunch were recoded into
three categories covering seldom/never, most days, and every (school) day. Dinner was recoded into
every day/not every day.

2.2. Other Variables

Study program was classified as general studies (including sports and physical education studies)
and vocational studies. We combined the information about physical activity from two questions:
First, the students indicated whether or not they were doing sports or physical activity (such as
skateboarding, soccer, dancing or running) outside school hours. Then, weekly sports/physical
activity outside school hours was assessed with the original categories: “none”, “about 30 min”, “about
30–90 min”, “about 2–3 h”, “about 4–6 h”, “7 h or more”. Those who on the first question indicated no
activity were combined with the lowest group on the second question and coded none. The next three
categories for weekly activity outside school hours were coded as up to three h a week, and the last
two as 4 h or more.

Students were asked about average time spent in front of computers, TV, DVD or similar outside
of school hours, differentiating between school days and weekend days. Categories were the same as
for physical activity, except for the highest categories: “about 7–9 h” or “10 h or more”. School days and
weekend days were weighted 5/7 and 2/7 respectively and combined into one variable. The variable
daily screen time was split into categories of “<2 h”, “2–3.99 h” and “≥4 h” per day.

Students were asked about smoking and snuff (or snus, a form of smokeless tobacco, a moist
powder tobacco placed under the upper lip) habits, with response categories “no, never”, “sometimes”
or “daily”. Due to few daily smokers, they were combined with occasional smokers. Students were
asked how often they drank alcohol, with options “never”, “once per month or less”, “2–4 times
per month”, “2–3 times per week” or “4 times or more per week”. The highest categories had few
responders and were combined into the category “2 times per month or more”.

A question on who the students lived with (some form of family guardian, friends or alone) was
used to differentiate between those who had moved out of home and not. Students answering that
they lived both with parents and had moved out of home (n = 7) were assumed to be commuters and
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were therefore included in the group that had moved out of home. Only two students answered living
in an institution (and having moved out of home). They were still included in the group living at
home, as it is likely that an institution would have an adult in charge of the food environment.

BMI was calculated as weight in kg divided by the square of height in meters (kg/m2) and
Cole and Lobstein’s revised gender- and age-specific cut-offs [27] were used for classification of BMI
categories. Due to few thin and obese students, these groups were merged with the categories normal
weight and overweight, respectively.

Students were asked about parents’ educational level. The categories “primary school” and “upper
secondary school” were combined due to few responders. Furthermore, this variable differentiated
between higher education for less and more than four years. The category “do not know” was
combined with “missing”. Since around 25% of the students did not know or did not answer the
questions on mother’s and father’s education, the variables were only used for additional analyses,
and not introduced in the main statistical model.

2.3. Statistical Analyses

Descriptive and analytic statistical analyses were performed using SAS version 9.4 (SAS Institute
Inc., Cary, NC, USA). Two-sided p-values < 0.05 were considered statistically significant. As the
variables included in the analyses were categorical, unadjusted analyses were performed using
contingency tables with chi-square tests, with the percentage of students that on average reported
daily drinking of SSB as outcome. Data from all participants were used to calculate the percentage
daily drinkers, but the numbers for non-daily drinkers have been suppressed for increased legibility.
Adjusted analyses of characteristics associated with daily drinking of SSB were performed using
logistic regression. We considered health related characteristics (smoking, using snuff, drinking alcohol,
physical activity, screen time, body mass index), school programme, whether the student lived with
parents/guardians, dietary variables (fruits and vegetables, sweets, snacks, beverages other than SSB,
and meals eaten) as potential covariates. As there was a large difference in SSB drinking between sexes,
both unadjusted and adjusted analyses were performed for each sex separately. However, in order to
compare the results obtained between sexes, the adjusted logistic regression model was constructed by
including independent variables which were associated with daily drinking of SSB (p < 0.25) in the
unadjusted analyses of the total sample, weighted for sex. Variables were manually excluded until
only significant covariates remained in the model. An additional model was constructed including also
sex, mother’s and father’s education, in order to estimate the effect of sex, and study socio-economic
differences from an additional perspective. Father’s education was not a significant covariate and
was not included in the final analyses. To assess potential sex differences in the associations, we fitted
interaction terms with sex, and re-ran the regression analyses for each covariate.

No indication of multicollinearity was observed when evaluating the variance inflation factor.
Hosmer and Lemeshow’s goodness-of-fit test was used to evaluate overall fit of the regression models.
To evaluate how much of the variance in daily drinking of SSB the model explained, pseudo R2

(Nagelkerke/Cragg and Uhler’s) was assessed.

3. Results

The mean age of the participants was 16.1 year (Table 1). While most females were in general
study programs (61.7%), most males had chosen vocational studies (55.0%). Most students lived with
their parents/guardian (females 85.9% and males 87.8%). More males (61.3%) than females (32.2%)
reported drinking SSB on average every day (p < 0.001). Females tended to drink water more frequently
than males, while males tended to drink milk more often than females. About half of the students had
breakfast daily, and about one-third brought lunch to school every school day, females slightly more
often than males. Almost 60% of the females and 73% of the males had dinner daily.
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Table 1. Characteristics 1 of the participants in the Tromsø study: Fit Futures.

Females (n = 426) Males (n = 444)

Age, years 16.1 16.1

Living with parent(s) 85.9 87.8

Mother’s education
Elementary or secondary school 34.3 32.0

College/university < 4 years 19.0 16.4
College/university 4 years or more 23.5 22.3

Unknown/missing 23.2 29.3

Father’s education
Elementary or secondary school 38.7 39.0

College/university < 4 years 13.4 13.5
College/university 4 years or more 18.8 18.2

Unknown/missing 29.1 29.3

General study programme (including sports) 61.7 45.1

Drink sugar-sweetened beverages daily 32.2 61.3

Servings of fruits and vegetables, daily
Less than 0.6 22.8 34.7

0.6–1.3 18.1 22.3
1.4–2.3 26.3 22.1

More than 2.3 32.8 20.9

Consume chocolate/sweets at least weekly 70.2 68.5

Consume sweet or savoury snacks at least weekly 64.3 68.0

Light/artificially sweetened beverages, daily
None 40.6 43.9

0.5 glass 32.6 26.6
1 glass or more 26.8 29.5

Fruit juice, daily
0.5 glass or less 65.5 63.7

1 glass 19.2 21.4
2.5 glasses or more 15.3 14.9

Milk, daily 2

1 glass or less 42.7 40.6
1.5–2.5 glass 31.5 26.1

2.5 glasses or more 25.8 33.3

Water, daily
1 glass or less 18.3 31.1

2–3 glasses 34.5 33.8
4 or more glasses 47.2 35.1

Breakfast
Seldom/never 15.0 12.2

1–3 days per week 35.2 35.3
Every day 49.8 52.5

Bring lunch for school
Seldom/never 23.0 34.9
1–6 days/week 43.4 39.0

Every school day 33.6 26.1

Dinner daily 58.5 73.4

Overweight/obese 19.3 23.7
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Table 1. Cont.

Females (n = 426) Males (n = 444)

Screen time, daily 3

<2 h 26.3 14.0
2–3.99 h 38.7 38.3

4 h or more 35.0 47.7

Physical activity outside school hours, weekly
Not active 30.0 33.3
3 h or less 30.3 26.6

4 h or more 39.7 40.1

Smoking daily or occasionally 20.0 23.4

Use of snuff
Never 67.1 60.4

Occasionally 14.3 12.8
Daily 18.6 26.8

Alcohol drinking
Never 23.5 32.7

Once per month or less often 46.9 37.1
Twice per month or more often 29.6 30.2

1 Mean age, otherwise percentage distributions. 2 Sum of four different milk types (different fat content) and
yoghurt. Includes both plain and fermented milk. 3 Weighted mean of weekends and weekdays.

The prevalence of overweight/obesity was high, 19.3% in females and 23.7% in males (Table 1).
A larger proportion of males than females was in the group with the highest screen time (47.7% vs.
35.0%). Regarding physical activity outside school hours, the distribution in females and males seemed
to be similar. While 20.0% of females and 23.4% of males smoked occasionally or daily, 32.9% of
females and 39.6% of males used snuff occasionally or daily. The proportion of students reporting
never drinking alcohol was quite low (females 23.5%, males 32.7%).

More than 50% of the females and males drank carbonated SSB 1–6 times a week, but more
males than females drank them daily (Figure 1a). Non-carbonated SSB was drunk less frequently than
carbonated SSB, and the majority reported drinking them seldom/never, though males also consumed
these beverages more often than females (Figure 1b).

(a) (b) 

Figure 1. Intake of (a) carbonated sugar-sweetened beverages (SSB); and (b) non-carbonated SSB, by sex.
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In univariate analyses, living with parents/guardians was not associated with daily SSB drinking,
neither in females nor in males (Table 2). Almost 70% of males in vocational studies were daily drinkers,
compared to half of the males in general studies. In females the corresponding percentages were
slightly less than 50 in vocational studies and just above 20 in general studies (p < 0.001 in both sexes).

Table 2. Daily drinkers of sugar-sweetened beverages according to demographic, dietary and lifestyle
characteristics, by sex in the Tromsø study: Fit Futures.

Characteristic Females (n = 426) 1 Males (n = 444) 1

Daily Drinkers
% (n 2)

p-Value 3 Daily Drinkers
% (n 2)

p-Value 3

Living with parent(s) 0.63 0.84
Yes 32.6 (119/365) 61.4 (239/389)
No 29.5 (18/61) 60.0 (33/55)

School programme <0.0001 0.0003
Vocational 46.6 (76/163) 68.9 (168/244)

General (including sports) 23.2 (61/263) 52.0 (104/200)

Servings of fruits and
vegetables, daily 0.008 0.05

Less than 0.6 40.2 (39/97) 69.5 (107/154)
0.6–1.3 42.9 (33/77) 60.6 (60/99)
1.4–2.3 24.1 (27/112) 53.1 (52/98)

More than 2.3 27.1 (38/140) 57.0 (53/93)

Consumption of
chocolate/sweets 0.007 0.007

Not weekly 22.8 (29/127) 52.1 (73/140)
Weekly 36.1 (108/299) 65.5 (199/304)

Consumption of sweet or
savoury snacks <0.0001 0.004

Not weekly 18.4 (28/152) 51.4 (73/142)
Weekly 39.8 (109/274) 65.9 (199/302)

Light/artificially sweetened
beverages, daily <0.0001 0.003

None 24.3 (42/173) 54.4 (106/195)
0.5 glass 20.9 (29/139) 56.8 (67/118)

1 glass or more 57.9 (66/114) 75.6 (99/131)

Fruit juice, daily 0.0006 0.002
0.5 glass 25.8 (72/279) 55.1 (156/283)
1 glass 43.9 (36/82) 72.6 (69/95)

2.5 glasses or more 44.6 (29/65) 71.2 (47/66)

Milk, daily 4 0.28 0.10
1 glass or less 34.6 (63/182) 67.2 (121/180)
1.5–2.5 glass 26.9 (36/134) 56.0 (65/116)

2.5 glasses or more 34.6 (38/110) 58.1 (86/148)

Water, daily 0.02 0.0005
1 glass or less 41.0 (32/78) 74.6 (103/138)

2–3 glasses 36.1 (53/147) 56.0 (84/150)
4 glasses or more 25.9 (52/201) 54.5 (85/156)

Breakfast <0.0001 0.002
Seldom/never 67.2 (43/64) 74.1 (40/54)
1–6 days/week 31.3 (47/150) 68.2 (107/157)

Every day 22.2 (47/212) 53.7 (125/233)
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Table 2. Cont.

Characteristic Females (n = 426) 1 Males (n = 444) 1

Daily Drinkers
% (n 2)

p-Value 3 Daily Drinkers
% (n 2)

p-Value 3

Bring lunch to school <0.0001 0.0006
Seldom/never 50.0 (49/98) 68.4 (106/155)
1–4 days/week 31.4 (58/185) 64.7 (112/173)

Every school day 21.0 (30/143) 46.6 (54/116)

Dinner 0.09 0.21
Not daily 36.7 (65/177) 66.1 (78/118)

Daily 28.9 (72/249) 59.5 (194/326)

Weight class 0.38 0.59
Thin/normal weight 33.1 (114/344) 62.0 (210/339)
Overweight/obese 28.1 (23/82) 59.1 (62/105)

Screen time, daily 5 0.002 0.24
<2 h 22.3 (25/112) 54.8 (34/62)

2–3.99 h 29.7 (49/165) 58.8 (100/170)
4 h or more 42.3 (63/149) 65.1 (138/212)

Physical activity outside
school hours, weekly 0.0001 0.06

Not active 46.9 (60/128) 65.5 (97/148)
3 h or less 26.4 (34/129) 66.1 (78/118)

4 h or more 25.4 (43/169) 54.5 (97/178)

Smoking < 0.0001 0.005
Never 26.7 (91/341) 57.7 (196/340)

Occasionally or daily 54.1 (46/85) 73.1 (76/104)

Use of snuff < 0.0001 0.001
Never 23.1 (66/286) 54.9 (147/268)

Occasionally 39.3 (24/61) 63.2 (36/57)
Daily 59.5 (47/79) 74.8 (89/119)

Alcohol drinking 0.1 0.02
Never 29.0 (29/100) 52.4 (76/145)

Once a month or less often 29.0 (58/200) 67.9 (112/165)
Twice a month or more often 39.7 (50/126) 62.7 (84/134)

1 All participants are used to calculate the percentage of daily drinkers, but the numbers for the non-daily drinkers
have been suppressed for better legibility. 2 The n is the number of daily drinkers/the total number of participants
reporting the given characteristic. 3 Chi-square test. 4 Sum of four different milk types (different fat content) and
yoghurt. Includes both plain and fermented milk. 5 Weighted mean of weekends and weekdays.

Among females eating less than 0.6 servings of fruits and vegetables daily, there were 40.2%
daily drinkers of SSB, compared to 27.1% among those eating 2.3 servings or more (p = 0.008).
The corresponding numbers for males were 69.5% and 57.0% (p = 0.05). Both among males and
females, those who drank a glass or more of light/artificially sweetened beverages or fruit juice daily,
also had a higher tendency to drink SSB daily. There were differences in prevalence of daily drinkers
of SSB of 20–30 percentage points between the highest and lowest categories of these beverages for
both sexes. Similar, but smaller, differences were found for more frequent consumption of sweets and
snacks. In both sexes, the higher the intake of water, the lower the percentage of daily SSB drinkers
(p < 0.02). There was no association between drinking SSB and milk consumption.

Rarely eating breakfast or bringing lunch to school was associated with daily SSB drinking, with
20–40% higher prevalence of daily SSB drinking than among those eating these meals every day
(Table 2). No association was found between frequency of having dinner and daily SSB drinking.
Weight class (thin/normal vs. overweight/obese) was not associated with daily SSB drinking, neither
in females nor males. Those not physically active were more often daily drinkers of SSB than the
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more active, though the distributions differed between sexes, and the difference was only borderline
significant in males. Higher daily screen time was associated with daily SSB drinking in females
(p = 0.002), but not in males. Smokers and snuff users were more likely to be daily SSB drinkers.
Among males, never drinkers of alcohol were less likely to be daily SSB drinkers than more frequent
alcohol drinkers, among females, there was no significant association between alcohol drinking and
daily SSB drinking in univariate analyses.

In the adjusted model, students in vocational studies had a 59% higher chance of drinking SSB
daily compared to those in general studies (only borderline significant for females) (Table 3). Daily
drinking of SSB was associated with several dietary variables: eating snacks weekly vs. not (females
OR 3.67, 95%CI 2.03–6.64, males OR 2.03, 95% CI 1.29–3.19), drinking light/artificially sweetened
beverages (>1 glass daily vs never—females OR 4.05, 95%CI 2.22–7.36, males OR 2.20, 95% CI 1.30–3.72).
The same was seen for fruit juice, those drinking a glass or more daily had an odds ratio of daily SSB
drinking of 2 or more, compared to never drinkers (significant for both sexes). Not eating breakfast
was associated with higher odds of daily drinking of SSB compared to eating everyday (females
OR 4.03, 95% CI 1.88–8.63, males OR 2.02, 95% CI 0.97–4.22). Other health behaviours were also
associated with daily SSB drinking: A significant association with daily snuffing (females OR 4.93,
95% CI 2.40–10.14, males OR 2.18, 95% CI 1.14–4.16), and the same tendency, although not statistically
significant, was seen for daily/occasional smoking. Never drinkers of alcohol had a higher OR of daily
SSB drinking than those drinking alcohol twice a month or more often, at least in females (females
OR 2.59, 95% CI 1.19–5.66, males OR 1.60, 95% CI 0.84–3.03). Water consumption was no longer
a significant covariate. The adjusted model explained 40.8% of the variation in daily drinking of
sugar-sweetened beverages for females and 20.6% for males. However, there was no interaction with
sex (all p-values for interaction >0.08).

Table 3. Characteristics Associated with being a daily drinker of sugar-sweetened beverages in the
Tromsø study: Fit Futures.

Females (n = 426) Males (n = 444)

Characteristic OR 95% CI OR 95% CI

School programme
General Ref Ref

Vocational 1.59 (0.94–2.68) 1.59 (1.03–2.46)

Consumption of sweet or savoury
snacks

Not weekly Ref Ref
Weekly 3.67 (2.03–6.64) 2.03 (1.29–3.19)

Light/artificially sweetened
beverages, daily

None Ref Ref
0.5 glass 0.77 (0.41–1.46) 0.99 (0.60–1.64)

1 glass or more 4.05 (2.22–7.36) 2.20 (1.30–3.72)

Fruit juice, daily
0.5 glass or less Ref Ref

1 glass 2.12 (1.13–3.95) 2.82 (1.62–4.92)
2.5 glasses or more 2.34 (1.18–4.64) 2.13 (1.13–4.03)

Breakfast
Every day Ref Ref

1–6 days/week 1.19 (0.68–2.08) 1.68 (1.04–2.70)
Seldom/never 4.03 (1.88–8.63) 2.02 (0.97–4.22)
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Table 3. Cont.

Females (n = 426) Males (n = 444)

Characteristic OR 95% CI OR 95% CI

Smoking
Never Ref Ref

Occasionally or daily 1.92 (0.98–3.76) 1.59 (0.84–2.99)

Use of snuff
Never Ref Ref

Occasionally 2.35 (1.12–4.91) 1.14 (0.56–2.30)
Daily 4.93 (2.40–10.14) 2.18 (1.14–4.16)

Alcohol drinking
Twice a month or more often Ref Ref
Once a month or less often 1.39 (0.76–2.54) 2.00 (1.13–3.53)

Never 2.59 (1.19–5.66) 1.60 (0.84–3.03)

Mutually adjusted logistic regression analyses. Ref = reference category, OR = odds ratio, CI = confidence interval.

In the model including sex and mother’s education, males had 3.74 times higher odds of being
daily SSB drinkers compared to females (95% CI 2.68–5.22) (Figure 2). Compared to students with
mothers with the longest education, those with mothers with short (OR 1.74, 95% CI 1.11–2.72) or
medium length of education (OR 2.06, 95% CI 1.24–3.43), had higher odds of being daily SSB drinkers.
Else the results were similar to the main model, with OR estimates between what was found for females
and males, but estimates for smoking and alcohol were stabilized. This model explained 37.6% of the
variation in daily SSB drinking. There was no interaction with sex, (all p-values for interaction >0.12).

 

Figure 2. Odds for being a daily drinker of sugar-sweetened beverages in the Tromsø study: Fit Futures.
Mutually adjusted model including sex and mother’s education, n = 870.
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4. Discussion

We found high prevalence of daily SSB drinking in this group of adolescents from Northern
Norway. Socio-economic factors (study programme, mother’s education), sex, diet (snacks, breakfast),
other drinking habits (light/artificially sweetened beverages, fruit juice), and health-related habits
(smoking, snuffing, alcohol drinking) all contributed to explaining the variation in daily SSB drinking.
The model explained more of the variation in daily SSB drinking in females than in males.

In our study, there were more than twice as many daily drinkers as in the edition of HBSC that
took place in the same period and age group, 61% of the males and 32% of the females vs. 25 and
11% [11,15]. We included two questions (carbonated and non-carbonated SSB) rather than one, but it is
not likely that this, and differences in response categories, explains the difference in prevalence, but
rather that there are differences in intake between the two studies. The HBSC study included a lower
number of students from the Northern region, but they used a cluster sampling to ensure a nationally
representative sample [11], how this might have influenced the results is uncertain. A previous study
from Northern Norway found that among boys, as many as 52.3% of eighth graders and 74.0% of
tenth graders were daily drinkers of carbonated SSB, corresponding numbers for girls were 42.1% and
46.8% [23]. In addition, 48.9% of the boys and 45.0% of the girls drank other soft drinks (“squash”)
daily. That survey took place five years before our study. As we found that 61% of the males and
32% of the females were daily drinkers (of carbonated and non-carbonated SSB combined), this might
support the decreasing trend in SSB intake seen over time in the HBSC study [11]. However, the
number of daily drinkers still is higher than what is reported in national studies and studies from
other parts of Norway. Some of this difference can be explained by differences in age groups and
questions included in the different studies, but not all. While our questions covered more than HBSC,
we did not include energy/sports drinks, so our prevalence estimates could still be underestimated.
Our participants represented urban and rural adolescents in Northern Norway. We excluded some
students due to age, and some due to missing variables, but with an exceptionally high participation
rate, we still think that the results are representative for adolescents in the region.

Conflicting results exists concerning the stability of SSB consumption. The Oslo Youth survey
found moderate to high stability of soft drink consumption from age 15 to 25, but low stability from
age 15 to 33 [18]. The FVMM study on the other hand observed a decrease in SSB consumption,
and an increase in consumption of artificially sweetened beverages from age 11 to 26 [28]. Hence,
continued monitoring of our participants would be interesting in order to gain more knowledge about
the stability of the SSB intake.

Higher or more frequent intake in boys than in girls has been reported in several studies [17,29–32].
However, some of the other results were surprising; we did not see associations with BMI, sedentary
behaviour, or physical activity in the final models. A lack of association between BMI and consumption
of SSB has also been reported in other studies [29]. One study found no association in cross-sectional
analyses, but higher BMI in SSB consumers in longitudinal analyses [30]. The same study found
associations both cross-sectionally and longitudinally for percentage body fat. A review on
confectionery consumption and overweight/obesity found that in cross-sectional studies, obese and
overweight children had lower confectionary intakes than normal weight children [33]. In addition,
they reported no association in longitudinal studies. Our study is a cross-sectional study, so no causal
inferences can be drawn. It is possible that those with high BMI underreport their SSB consumption,
or actually reduce their consumption in order to lose weight [29]. Alternatively, BMI might not be the
best measure of body fatness, or this could be a true association. Spending much time on sedentary
activities could also mean spending much time on homework, and need not be only a negative feature.

One could assume that more frequent consumption of one drink would be mirrored by lower/less
frequent consumption of other drinks, but daily drinking of SSB was associated with higher consumption
of juice. The picture was more mixed for artificially sweetened soft drinks, however, daily drinkers were
more frequently never consumers of alcohol, at least among females. In the univariate analyses, there was
less SSB consumption among those that drank water more frequently. This association was not significant
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in the adjusted analyses. Replacing SSB with water would be the healthiest option, but interventions
have only produced medium size increases in water consumption [6]. Longitudinal analyses of stability
and change across the spectrum of beverages would provide interesting complimentary data. Those
rarely eating breakfast had a very high odds for daily SSB-drinking. For this group, availability of healthy
options in schools might be an issue.

A recent publication with data from the Nordic countries in the HBSC study found no
socioeconomic differences in SSB drinking, as measured by the family affluence scale [11], however,
our study suggested that both own educational choice and mother’s education were associated with
daily SSB drinking, in line with other studies [12,17,20,28–30,32,34]. To the best of our knowledge,
this is the first Norwegian study to look at school programme, an indicator of the students own
socioeconomic status, in association with SSB consumption. If longitudinal studies can confirm that
school programme is a predictor of SSB consumption, targeted interventions in vocational school
programmes might be an important avenue for further reducing the SSB consumption. Not living
with parents did not influence SSB drinking, but the group was small, so no strong conclusions can
be drawn.

The HELENA study assessed the beverage consumption among European adolescents in eight
countries [31]. SSB was the second most frequently consumed beverage, after only water, and 55% of
the 15–17.5 year olds reported drinking SSB (including sports drinks) during the two days the study
covered, compared with our 61% daily drinkers among males and 32% among females. In half the
countries studied, SSB were the largest contributor to energy intake among all beverages.

SSB are major contributors to sugar intake in Norwegian adolescents [35], and dietary patterns
characterized by high sugar and fat content have been associated with adiposity later in adolescence [36].
The current national plan of action for a better diet aims at halving the number of 15-year-olds that
drink SSB 5 times a week or more often [37]. Continued monitoring, and interventions targeting SSB
consumption in general, and in males, students in vocational programmes and Northern Norway in
particular are warranted, in order to accomplish that goal. Reviews have suggested that education
programmes and changes in school environment (restricted access) will reduce intake, but also that
substitution of SSB with low sugar/artificially sweetened beverages will reduce sugar and energy
intake [38,39]. This is in line with children’s own opinions [40]. Restricting access at home and
ensuring good parental modelling is another possible avenue [20,22,38,40]. A recent review showed
only small decreases in SSB consumption in adolescents after interventions [6], specific analyses on
most successful intervention settings could not be done in adolescents, but for children, home-based
interventions and modelling/demonstrating the behaviour seemed to improve intervention effects.

This study has several strengths, a fairly large, population-based sample, a very high participation
rate, and assessment of a range of covariates that might confound analyses of SSB intake and health.
The sample was homogenous with respect to age, and included both rural and urban participants.
Taken together, this suggests that our results are representative for adolescents in Northern Norway.
Separate questions were asked for both carbonated and non-carbonated SSB, as this better captures the
range of products that can be grouped as SSB [41].

The study also has several limitations. The questions about SSB used in this study have not been
used in other studies in adolescents and, in general, most of the studies cited here have used different
definitions or response categories, hampering comparisons between studies. For instance, not all
studies distinguish between carbonated and non-carbonated SSB, and many do not include sports
drinks (and neither did ours). Not including sports drinks/energy drinks in the definition probably
means that frequency of intake reported here is underestimated. Lack of comparability is a recognized
problem, and a recent review has suggested methods that should be used in future studies [41].

The most frequently reported intake category in our study was wide (1–6 glasses per week),
and created possibilities for misclassification when combining the data for carbonated and non-carbonated
SSB into one variable. Some studies distinguish weekday and weekend consumption, as this may differ
considerably [17], but we did not have that information. Consequently, some of the participants
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we labelled “daily SSB drinkers” might have consumed larger amounts of SSB on one or two days,
rather than one (or more) glass daily. The total amount of sugar and energy ingested will be the same,
independent of how the consumption is distributed, but the length of time the teeth are exposed will
affect dental caries risk.

Furthermore, the food/drink questions have not been validated. A review on validity of food
frequency questionnaires used in adolescents showed that not assessing portion size, shorter time
span, medium length, and administration directly to the adolescent, not via a parent gave the best
validity [42]. Our questionnaire did not specify the time-span for the food questions, but the other
factors were fulfilled. Our study only included participants from Northern Norway, and the results
might not be representative for the rest of the country.

As cutting down on sugar intake has been official policy during the last years, and initiatives have
been taken to reduce consumption of SSB [13], social desirability bias, i.e., underreporting consumption
of products the health authorities discourage, could be an issue. Given the high consumption reported,
this seems less likely, but it cannot be ruled out. Although the sample was relatively large, the skewed
distribution of some of the variables led to large uncertainty in some of the estimates. The study was
cross-sectional, so it is not possible to make causal inferences. For some reason, the variables explained the
variation in SSB intake in females better than in males. We lacked information regarding, e.g., individual
choices vs. family or peer influence, and availability, or money to purchase SSB [20,21,34,40]. Perhaps
such variables are more important for males’ food choices than females’. Females reach puberty earlier
and have a stronger body focus, and possibly also health focus than males [43,44], this may explain some
of the sex differences we found.

5. Conclusions

In conclusion, particularly males are frequent drinkers of SSB, despite efforts at reducing
consumption in recent years. In both males and females, higher prevalence of daily drinking was found
than in a national survey. Our study has identified several factors associated with daily SSB drinking,
many of them are other unhealthy lifestyle choices, and are important to adjust for in analyses of
SSB intake and health. If these associations are confirmed using stronger study designs, these factors
could be targeted together in future comprehensive intervention studies. The higher consumption of
SSB in vocational studies is of particular concern, suggesting that socio-economic differences in diet
start early.
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Abstract: Background: Recognition of the dominant dietary behaviors with respect to gender
and specific age groups can be helpful in the development of targeted and effective nutritional
education. The purpose of the study was to analyze the prevalence of the selected eating behaviors
(favorable: Consuming breakfasts, fruit, vegetables, milk and milk beverages, whole grain bread
and fish; adverse: Regular consumption of sweets, sugared soft drinks and fast-foods) among Polish
adolescents. Methods: Data on the nutritional behaviors were collected using a questionnaire.
Body mass status was assessed based on weight and height measurements. Results: 14,044 students
aged 13–19 years old from 207 schools participated in the study. Significant differences were found
in the nutritional behaviors depending on age, gender and nutritional status. Favorable nutritional
behaviors corresponded with each other, the same relationship was observed for adverse behaviors.
The frequency of the majority of healthy eating behaviors decreased with age, whereas the incidence
of adverse dietary behaviors increased with age. Underweight adolescents more often consumed
sugared soft drinks, sweets and fast food compared to their peers with normal and excessive body
mass. Conclusions: A significant proportion of adolescents showed unhealthy nutritional behaviors.
Showing changes in the incidence of nutritional behaviors depending on age, gender and body
weight status, we provide data that can inform the development of dietary interventions tailored to
promote specific food groups among adolescents on different stages of development to improve their
diet quality.

Keywords: nutrition; nutritional behavior; diet quality; adolescents

1. Introduction

The health of children and adolescents is dependent upon food intake that provides sufficient
energy and nutrients to promote optimal physical, cognitive and social growth and development [1–3].
However, in practice, the implementation of proper nutrition recommendations in these population
groups is extremely difficult due to the existing barriers, e.g., availability of healthy food, inadequate
nutritional knowledge of caregivers and children and personal food preferences [4–7]. A great body
of the literature indicates the low overall diet quality in children and adolescents, both in terms of
the amounts (deficits or excesses) of food/nutrients, and the selection of food groups/food products.
One in four Polish 17–18 years old female adolescents did not eat breakfast regularly, and nearly half
of them consumed fish only one time per month [8]. Almost 35% of schoolchildren and adolescents
aged 9–13 years from rural parts of Poland regularly ate sweets, and 46% failed to consume vegetables
and fruit at least once a day [9]. These inadequacies in the assortment and quantities of food products
result in an incorrect supply of energy and nutrients. The average European adolescents’ diet is too
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high in saturated fatty acids and sodium, whereas too low in monounsaturated fatty acids, vitamin
D, folate and iodine [10]. In Poland a significant increasing trend in calcium intake in teenagers
aged 11–15 years was noted in the last 20 years, but the observed values are still lower than the
recommendations [11]. In the US nearly 40% of total energy consumed by two- to 18-year-olds came in
the form of empty calories (including 365 kcal from added sugars) [12]. Poor quality of the diet in early
life may impair growth and development rate, and also increases the risk of some diet-related diseases
(e.g., obesity, type 2 diabetes mellitus, cardiovascular disease and osteoporosis) in the future [3,13].

Although correct nutrition is important throughout the life span, it is possible to distinguish
particularly critical periods, i.e., the first 2–3 years [3] and the period of puberty [14,15]. Dramatic
physical growth and development during puberty significantly increases requirements for energy,
protein, and also others nutrients compared to late childhood. Biological changes related to puberty
might significantly affect psychosocial development. Rapid changes in body size, shape and composition
in girls might lead to poor body image experience and development of eating disorders [16]. At this
age, girls may experience nutritional behaviors leading to weight loss, e.g., alternative diets promoted
in the media. Nevertheless, a delay in biological development might lower self-esteem and increase
the risk of eating disorders among male teenagers [17]. As young teens are highly influenced by a peer
group, then the desire to conform may also affect nutritional behaviors and food intake. Moreover,
food choices can be used by adolescents as a way to express their independence from families and
parents. At this age, young people may prefer to eat fast-food meals in a peer group instead of meals
at home with their families. During middle adolescence (15–17 years) importance of peer groups
even raising, and their influence regarding individual food choices peaks. Finally, in the late stage of
adolescence (18–21 years) the influence of peer groups decreases, whereas an ability to comprehend
how current health behaviors may affect the long-term health status significantly increases [18], which
in turn can enhance the effectiveness of nutritional education.

Although nutritional knowledge does not always translate into proper nutritional behavior [19],
some data indicate the association between nutritional knowledge and the diet quality among
adolescents [20]. Joulaei et al. (2018) observed that an increase in functional nutrition literacy was
associated with lower sugar intake and better energy balance among boys and higher dairy intake
among girls. Therefore, recognition of the dominant dietary behaviors with respect to gender and
specific age groups can be helpful in the development of targeted and effective nutritional education.

In Poland, there are many studies on nutritional behaviors of adolescents [8,9,11], but their
limitation is the small number of participants and the lack of representativeness in their selection.
The only study involving a large, representative group of Polish adolescents is the health behavior in
school-aged children (HBSC) [21], conducted for over 30 years, now in more than 40 countries, including
Poland. The HBSC study does not allow us to assess nutritional behaviors of older adolescents, because
it covers only the group of 11-, 13- and 15-year-old boys and girls. In Poland there is no research
including the wide age range of respondents with all periods of adolescence at the same time and with
the same methodology. Therefore, the purpose of the present study was to analyze the frequency of
occurrence of the behaviors important in terms of overall diet quality amongst Polish adolescents.
The frequency of occurrence of nutritional behaviors was analyzed in the age categories with regard to
gender and taking into account the criteria of the weight status.

2. Materials and Methods

2.1. General Information

The presented study is a part of the research and education program Wise nutrition—healthy
generation granted by The Coca-Cola Foundation, and addressed to the secondary and upper secondary
school youth, their parents and teachers. The main objective of the program was to educate the
secondary and upper secondary school students regarding the importance of healthy nutrition and
physical activity in the prevention of the diet-related diseases. The research part of the project included
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assessing the selected dietary behaviors and parameters related to physical activity of the students and
performing anthropometric measurements to assess their nutritional status. Those with diagnosed
abnormal body mass were invited to the dietary counseling program (two individual meetings with
a dietician). The diagram presenting the overall activities within the project is provided in the
supplementary materials (Figure S1). Participation in the project was voluntary and totally free of
charge for all participants (schools, students and parents). All educational and research activities were
carried out in schools participating in the program by trained dieticians. After receiving patronages
from the government educational institutions and local authorities, written invitations were sent to all
secondary and upper secondary schools in Poland. Nearly 14,000 educational institutions listed in the
electronic register of schools of the Minister for National Education were invited to participate. Finally,
2058 schools attended by nearly 450,000 students joined the project in 2013–2015.

This paper focused on the results concerning nutritional behaviors of students (Figure S1).
The program was carried out following the standards required by the Helsinki Declaration, and the
protocol was approved by the Scientific Committee of the Polish Society of Dietetics. School directors
provided written informed consent to participate in the study. Parents were provided with a detailed
fact sheet describing the program and had to give written informed consent if they wanted their child
to participate. All students over 16 years of age were asked to give their written informed consent to
participate in the study.

2.2. Study Participants

To examine the selected nutritional behaviors and nutritional status of Polish teenagers, participants
were recruited from schools participating in the project. To ensure a representative selection of students,
these schools were randomly selected using the stratified sampling method from all of the 2058 enrolled
institutions. The sampling was stratified by province and location (large, medium, small city and
countryside), as well as the type of school (secondary and upper secondary). Secondary schools (called
“gimnazjum” in Poland) are compulsory for all adolescents aged 13–16 years, and are located close
to the students’ place of residence. Upper secondary schools (high schools, technical schools and
basic vocational schools) include, depending on the type, youth from 16 to 20 years of age. As in
the case of secondary schools, students typically live with their families and commute to school.
Within the selected schools, as the next step, students were randomly selected from the class registry.
Exclusion criteria included: Diagnosed disease that required the use of a special diet, pregnancy or
lactation in girls or lack of written consent. All the personal data of participants were fully anonymized.
The schools, and consequently, students came from all over Poland, therefore the research was of a
nationwide character. In total, 207 schools of the 2058 institutions were enrolled (~10%), and finally
14,044 students participated in the study, including 7553 (53.8%) girls and 6491 (46.2%) boys. The age
categories for the studied group were adopted in accordance with the HBSC methodology [21].

2.3. Anthropometric Measurements

The assessment of the body weight status of the examined individuals was based on anthropometric
measurements (body weight and height) conducted by a trained dietitian. All the measurements
were carried out with the equipment provided by The Polish Society of Dietetics: Digital floor scales
(TANITA HD-380 BK, Tanita Corporation, Tokyo, Japan) and a steel measuring tape (0–200 cm).
All dieticians conducting the measurements were specially trained and followed the same procedures
according to Anthropometry Procedures Manual by National Health and Nutrition Examination
Survey (NHANES) [22] to minimize bias. The school was obliged to provide a room suitable for
the measurements.

Weight of the individuals was measured twice to the nearest 0.1 kg, and the mean value was
recorded. Measurements were conducted on individuals dressed in basic clothes (e.g., underwear,
trousers/skirt and t-shirt) and without shoes. From the final result 0.5 kg was subtracted (predicted
weight of the basic clothes).

99



Nutrients 2019, 11, 1592

For height measurements individuals stood on a flat surface in an upright position with their back
against the wall, and the heels together and toes apart (without shoes and socks). They were asked to
stand as tall as possible with the head in the Frankfort horizontal plane [22]. The height measurement
was conducted twice to the nearest 0.1 cm, and the mean value was recorded.

Based on the body height and weight data, body mass index (BMI) value was calculated. BMI was
calculated as body weight in kilograms divided by the square of height in meters. Depending on the
age of the subjects different criteria for assessing the body weight status were used. For individuals
aged 13–18 years old, calculated BMI value was plotted on gender BMI centile charts for age (with an
accuracy of one month) [23]. The percentile value was read from percentile grids and the body mass
status was assessed according to the International Obesity Task Force (IOTF) criteria (underweight <5
percentile, normal weight 5–85 percentile, overweight>85 and≤95 percentile, obese>95 percentile) [24].
For students above the age of 18 years old, the standard World Health Organization (WHO) body mass
index criteria were applied: Underweight for BMI <18.5 kg/m2, normal body weight for BMI between
18.5 and 24.9 kg/m2, overweight between 25 and 29.9 kg/m2 and obesity ≥30 kg/m2 [25].

2.4. Analysis of Nutritional Behaviors

Data on the selected nutritional behaviors were collected prior to the anthropometric measurements
and dietary counseling. The paper questionnaire containing questions about the selected nutritional
practices, physical activity and self-esteem satisfaction (data not included in this article) was carried out
in individuals by a dietitian. This provided the opportunity to clarify possible doubts or ask additional
questions. After its completion the questionnaire was collected by a dietician. Due to the large sample
group and direct methods of data acquisition, it was decided that the questionnaire has to be short, and
must contain questions about the critical determinants of teenagers diet quality. Taking into account the
health behavior in school-aged children (HBSC) questionnaire (developed for 11, 13 and 15 year olds)
concerning nutritional behaviors [26], and available data on nutritional characteristics of the Polish
youth population [21], nine questions were finally formulated with the possibility of answering “yes”
or “no”. The first six questions concerned favorable aspects of the nutritional behaviors, while the last
three questions referred to the adverse nutritional practices. Healthy nutritional behaviors included:
(1) Regular consumption of breakfast before leaving for school, (2) daily consumption of at least one
serving of fresh fruit and (3) daily consumption of at least two servings of vegetables (recommended
diet quality indicators adapted from HBSC questionnaire [26]. Additionally, taking into account the
importance for the overall diet quality and the low consumption in the Polish population [21,27], the
three extra questions were added: (4) Daily consumption of milk and/or milk fermented beverages (as
the main source of calcium in the diet), (5) daily consumption of whole grains (as the main source
of complex carbohydrates and dietary fiber) and (6) consumption of fish at least once week (as the
main source of docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA), vitamin D and iodine in the
diet). On the other hand, negative dietary determinants (unfavorable nutritional practices increasing
the share of free sugars, saturated fat and trans fatty acids in the diet) were considered as: Drinking
sugared soft drinks (soda and other carbonated soft drinks) several times during the week, eating
sweets more than once a day (adapted from HBSC), and consuming fast food more than twice a week.
Prior to the main study, a pilot study (n = 50) was conducted to examine whether the questions were
understandable to the respondents. The questionnaire was validated: Repeatability was verified
by determining the correlation coefficient between the results obtained in the same group (n = 50,
age 13–19 years old) twice; correlation coefficients for individual questions were on average 0.76
(95% CI = 0.71–0.83) and ranged from 0.18 to 0.96.

2.5. Statistical Analysis

Statistical data processing was performed using Statistica version 13.1 (Copyright©StatSoft, Inc,
1984–2014, Cracow, Poland). Data were analyzed in the total group, according to age, gender and body
weight status. Statistical significances for nominal (categorical) variables were determined using the
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Pearson’s chi-square test. Additionally, contingency coefficient Cramér’s V was used to indicate the
strength of association between categorical variables. Quantitative data was tested for normality of
distribution; in the case of its absence the Mann–Whitney test was used for comparisons of independent
groups. The correspondence analysis was used to study the relationship between dietary behaviors.
The differences were considered significant at p ≤ 0.05.

3. Results

The total sample group consisted of 14,044 students, including 7553 girls and 6491 boys.
The detailed characteristics of the group in terms of age distribution, sex and the body mass index
are presented in Table 1. Data on examined dietary behaviors are presented in Table 2. All data are
expressed as number values and in percentages.

3.1. Characteristics of the Study Group

The characteristics of the study population in terms of age distribution and the body mass index
(BMI) in the whole group and separately for girls and boys are presented in Table 1. The predominant
group was students aged 17 (followed by 18 and 16 olds in girls, and 16 and 18 olds in boys), while
the smallest groups were students aged 13 and 19 between both sex groups. There were significant
differences in the average BMI between girls and boys in the total group and in the case of all age
categories except the 13 year olds.

Table 1. Age and body mass index (BMI) distribution of the individuals: In the total group and divided
by gender.

Total Group Girls Boys

p-ValueAge
(years)

N %
BMI

mean ± SD
N %

BMI
mean ± SD

N %
BMI

mean ± SD

13 1270 9.0 20.1 ± 3.66 670 8.9 19.9 ± 3.55 600 9.2 20.3 ± 3.78 0.0854
14 1876 13.4 20.5 ± 3.48 1004 13.3 20.3 ± 3.41 872 13.4 20.6 ± 3.54 0.0414 1

15 2011 14.3 20.8 ± 3.37 1040 13.8 20.6 ± 3.17 971 15.0 21.0 ± 3.56 0.0485 1

16 2386 17.0 21.3 ± 3.31 1257 16.6 21.1 ± 3.08 1129 17.4 21.6 ± 3.54 0.0024 1

17 2781 19.8 21.8 ± 3.48 1538 20.4 21.3 ± 3.30 1243 19.2 22.3 ± 3.61 0.0000 1

18 2551 18.2 21.9 ± 3.41 1436 19.0 21.3 ± 3.16 1115 17.2 22.7 ± 3.56 0.0000 1

19 1169 8.3 22.2 ± 3.61 608 8.1 21.7 ± 3.68 561 8.6 22.6 ± 3.48 0.0000 1

All age groups 14044 100.0 21.3 ± 3.51 7553 53.8 20.9 ± 3.33 6491 46.2 21.7 ± 3.68 0.0000 1

1 Significant differences in average BMI between girls and boys for age categories and for the total (all age groups),
the Mann–Whitney test.

3.2. Characteristics of Nutritional Behaviors

Figure 1 presents the relationship between the examined nutritional behaviors in the whole group.
Based on the correspondence analysis, it is possible to indicate the connections between the analyzed
nutritional behaviors. Beneficial nutritional behaviors such as consuming breakfast, fruit, vegetables,
whole-grain bread, milk or milk beverages and fish were linked together. In opposite, unfavorable
eating behaviors such as skipping breakfast, low consumption of milk products, fruits, vegetables,
fish and whole-grain bread were related. Behaviors such as fast food, sweets and sugared soft drinks
consumption were linked together and corresponded more to the adverse nutritional behaviors.
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Figure 1. The results of the analysis of correspondence of all examined variables (nutritional behaviors)
in the total group. Behaviors beneficial to the overall diet quality are marked in green; unfavorable
behaviors are marked in red.

The frequencies of examined nutritional behaviors in the total group, and for girls and boys
separately are presented in Table 2.

Breakfast was regularly consumed by seven out of 10–13 year olds but only by half of 19 year
olds. There was a statistically significant (but small) effect of age in the total group, and separately for
girls and boys. Boys were more likely to eat breakfast in comparison to girls, and differences were
particularly noticeable in the younger age groups. The frequency of eating at least one serving of fruit
per day also decreased with age. A statistically significant (but small) effect in the total group, and
separately for girls, and boys was noted. Girls were more likely to include fresh fruits to the daily
diet in comparison to boys. There was a significant effect of age on the consumption of vegetables in
the total group. Half of the 13-year-olds consumed at least two servings of vegetables a day, but the
frequency of consumption decreased to 43% for the group of 19-year-olds. Similarly, the influence of
age was observed in the group of girls, and boys. Girls consumed at least two servings of vegetables
daily more often than boys in all age groups, except for 18-year-olds. The consumption of milk or
milk beverages decreased with age. Significant age effects were observed throughout the total group,
and among girls, and boys. In all age groups fewer girls drank milk and fermented milk beverages
compared to boys. With age, the proportion of teenagers consuming whole grain bread in everyday
diet decreased. However, age effects were not observed for girls, and neither for boys, separately.
Considering gender, in all age groups, the greater percentage of girls consumed whole wheat bread in
their usual diet. No significant effect of age was observed on fish consumption, neither in the total
group, nor in girls, and boys. However, significant gender effects were observed: A greater percentage
of boys consumed fish at least one a week in all age groups compared to girls. The effect of age was
observed in regards of drinking sugared soft drinks a few times a week, for the whole group, and for
both genders. The proportion of adolescents drinking sugared soft drinks increased with age. A higher
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percentage of boys consumed sugared soft drinks compared to girls in all age categories. Less than half
of the students declared consuming sweets more than once a day. No age effects were observed, neither
for the whole group, nor for the girls. A small effect of age was found only among boys. On the other
hand, a relationship with gender was observed: In all age groups, a higher percentage of girls declared
such behavior compared to boys. There was a significant relationship between fast-food consumption
and age. The percentage of adolescents consuming fast food more than twice a week increased with
age, and an analogous relationship was observed for girls and boys. In all age groups, a higher number
of boys declared such nutritional behaviors comparing to girls.

Table 2. Nutritional behaviors of the individuals: In the total group and divided by gender.

Age Category
(years)

Total Group Girls Boys p-Value
(V Cramer)

Girls vs. BoysN % N % N %

Having breakfast every day before leaving for school
All age groups 8400 59.81 4178 55.32 4222 65.05

13 897 70.63 431 64.33 466 77.67

0.0000 4

(0.10)

14 1222 65.14 595 59.26 627 71.90
15 1267 63.00 587 56.44 680 70.03
16 1405 58.89 682 54.26 723 64.04
17 1620 58.25 836 54.36 784 63.12
18 1391 54.53 751 52.30 640 57.40
19 598 51.15 296 48.68 302 53.83

p-value 0.0000 1 0.0001 2 0.0000 3

V Cramer 0.10 0.08 0.14

Consuming fresh fruit every day (at least one serving)
All age groups 8071 57.47 4506 59.66 3565 54.93

13 857 67.48 468 69.85 389 64.83

0.0000 4

(0.05)

14 1242 66.20 686 68.33 556 63.76
15 1267 63.00 673 64.71 594 61.17
16 1322 55.41 746 59.35 576 51.02
17 1490 53.58 865 56.24 625 50.32
18 1322 51.82 751 52.30 571 51.21
19 571 48.85 317 52.14 254 45.28

p-value 0.0000 1 0.0000 2 0.0000 3

V Cramer 0.13 0.13 0.13

Consuming vegetables every day (at least two servings)
All age groups 6678 47.55 3658 48.43 3019 46.52

13 662 52.13 372 55.52 290 48.33

0.0241 4

(0.02)

14 1010 53.84 561 55.88 449 51.49
15 996 49.53 533 51.25 463 47.68
16 1130 47.36 614 48.85 516 45.70
17 1245 44.77 698 45.38 547 43.96
18 1135 44.51 616 42.90 519 46.56
19 500 42.77 264 43.42 236 42.07

p-value 0.0000 1 0.0000 2 0.0061 3

V Cramer 0.0 0.07 0.05

Drinking milk or milk beverages (yoghurt/kefir/butter milk, etc.) every day
All age groups 8478 60.38 4172 55.24 4306 66.36

13 860 67.72 438 65.37 422 70.33

0.0000 4

(0.11)

14 1279 68.18 643 64.04 636 72.94
15 1305 64.89 610 58.65 695 71.58
16 1392 58.34 674 53.62 718 63.60
17 1583 56.92 780 50.72 803 64.65
18 1435 56.27 729 50.80 706 63.32
19 624 53.42 298 49.01 326 58.21

p-value 0.0000 1 0.0000 2 0.0000 3

V Cramer 0.10 0.11 0.09
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Table 2. Cont.

Age Category
(years)

Total Group Girls Boys p-Value
(V Cramer)

Girls vs. BoysN % N % N %

Consuming whole-grained bread every day
All age groups 5962 42.46 3302 43.72 2659 40.97

13 556 43.78 297 44.33 259 43.17

0.0010 4

(0.03)

14 809 43.12 447 44.52 362 41.51
15 871 43.33 467 44.95 404 41.61
16 1065 44.64 578 45.98 487 43.14
17 1198 43.08 679 44.15 519 41.71
18 1020 39.98 598 41.64 422 37.85
19 443 37.90 236 38.82 207 36.90

p-value 0.0007 1
p = 0.0566 p = 0.0548

V Cramer 0.04

Consuming fish at least once a week
All age groups 7023 50.02 3412 45.19 3610 55.63

13 662 52.13 341 50.90 321 53.50

0.0000 4

(0.1)

14 965 51.44 463 46.12 502 57.57
15 1021 50.80 469 45.10 552 56.91
16 1188 49.81 564 44.90 624 55.27
17 1330 47.84 673 43.79 657 52.82
18 1260 49.39 626 43.59 634 56.86
19 597 51.07 276 45.39 321 57.22

p-value
0.1057 0.0640 0.2130V Cramer

Drinking sugared soft drinks few times a week
All age groups 7977 56.80 3764 49.83 4212 64.90

13 650 51.18 305 45.52 345 57.50

0.0000 4

(0.15)

14 1069 56.98 512 51.00 557 63.88
15 1202 59.77 540 51.92 662 68.18
16 1374 57.59 633 50.36 741 65.63
17 1546 55.59 719 46.75 827 66.51
18 1441 56.49 720 50.14 721 64.66
19 695 59.45 335 55.10 360 64.17

p-value 0.0000 1 0.0026 2 0.0019 3

V Cramer 0.05 0.05 0.06

Consuming sweets more than once a day
All age groups 6156 43.84 3428 45.39 2727 42.02

13 548 43.15 311 46.42 237 39.50

0.0000 4

(0.03)

14 840 44.78 465 46.31 375 43.00
15 926 46.05 486 46.73 440 45.31
16 1065 44.65 573 45.62 492 43.58
17 1216 43.73 690 44.86 526 42.27
18 1068 41.87 628 43.73 440 39.46
19 493 42.17 275 45.23 218 38.86

p-value p = 0.0912 p = 0.7863 0.0480 3

V Cramer 0.04

Consuming fast food (e.g., chips, burgers etc.) more than two times a week
All age groups 2906 20.70 1360 18.01 1545 23.81

13 206 16.22 99 14.78 107 17.83

0.0000 4

(0.07)

14 314 16.74 145 14.54 168 19.27
15 385 19.14 170 16.35 215 22.14
16 513 21.50 226 17.98 287 25.42
17 622 22.37 299 19.44 323 25.93
18 590 23.14 295 20.54 295 26.48
19 276 23.63 125 20.56 151 26.96

p-value 0.0000 1 0.0002 2 0.0000 3

V Cramer 0.06 0.06 0.07
1 Significant differences in the examined nutritional behaviors between age categories in the total group; 2 significant
differences in the examined nutritional behaviors between age categories in girls; 3 significant differences in the
examined nutritional behaviors between age categories in boys; 4 significant differences in the examined nutritional
behaviors between girls and boys, the chi2 Pearson test.
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The data on the prevalence of examined nutritional behaviors depending on the nutritional status
(underweight, normal body mass, overweight and obesity) are presented in Table 3.

Table 3. Nutritional behaviors of the individuals depending on body weight status: In the total group
and divided by gender.

BMI Category
Total Group Girls Boys

N % N % N %

Having breakfast every day before leaving for school
Underweight 422 59.44 256 55.65 166 66.40

Normal 6567 60.99 3302 56.28 3265 66.62
Overweight 908 55.64 407 52.38 501 58.60

Obesity 502 53.98 212 47.53 290 59.92
p value 0.0000 1 0.0012 2 0.0000 3

V Cramer 0.05 0.04 0.06

Consuming fresh fruit every day (at least one serving)
Underweight 360 50.70 233 50.65 127 50.80

Normal 6108 56.72 3467 59.09 2641 53.89
Overweight 994 60.91 499 64.22 495 57.89

Obesity 606 65.16 305 68.39 301 62.19
p value 0.0000 1 0.0000 2 0.0006 3

V Cramer 0.06 0.07 0.05

Consuming vegetables every day (at least two servings)
Underweight 334 47.04 214 46.52 120 48.00

Normal 5086 47.23 2828 48.20 2258 46.07
Overweight 799 48.99 384 49.42 415 48.59

Obesity 457 49.14 230 51.57 227 46.90
p value

0.4228 0.4139 0.5479V Cramer

Drinking milk or milk beverages (yoghurt / kefir / butter milk, etc.)
every day

Underweight 392 55.21 233 50.65 159 63.60
Normal 6538 60.72 3266 55.68 3272 66.76

Overweight 1000 61.27 429 55.21 571 66.78
Obesity 545 58.67 241 54.04 304 62.94
p value 0.0174 1

0.2010 0.2830V Cramer 0.03

Consuming whole-grained bread every day
Underweight 285 40.14 177 38.48 108 43.20

Normal 4522 42.00 2547 43.42 1975 40.30
Overweight 713 43.69 352 45.30 361 42.22

Obesity 440 47.31 224 50.22 216 44.63
p value 0.0059 1 0.0031 2

0.1984V Cramer 0.03 0.04

Consuming fish at least once a week
Underweight 323 45.49 193 41.96 120 52.00

Normal 5356 49.75 2632 44.88 2176 55.59
Overweight 849 52.02 370 47.62 376 56.02

Obesity 493 53.01 216 48.43 207 57.23
p value 0.0071 1

0.1157 0.5947V Cramer 0.03

Drinking sugared soft drinks few times a week
Underweight 435 61.27 260 56.52 175 70.00

Normal 6140 57.02 2943 50.16 3197 65.23
Overweight 901 55.21 361 46.46 540 63.16

Obesity 499 53.66 199 44.62 300 61.98
p value 0.0096 1 0.0007 2

0.1098V Cramer 0.03 0.05
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Table 3. Cont.

BMI Category
Total Group Girls Boys

N % N % N %

Consuming sweets more than once a day
Underweight 403 56.76 272 59.13 131 52.40

Normal 4900 45.51 2751 46.89 2149 43.85
Overweight 572 35.05 278 35.78 294 34.39

Obesity 280 30.14 127 28.54 153 31.61
p value 0.0000 1 0.0000 2 0.0000 3

V Cramer 0.11 0.13 0.09

Consuming fast food (e.g., chips, burgers etc.) more than two times a
week

Underweight 187 26.34 115 25.00 72 28.80
Normal 2311 21.46 1090 18.58 1221 24.92

Overweight 274 16.80 105 13.51 169 19.79
Obesity 134 14.41 50 11.21 84 17.36
p value 0.0000 1 0.0000 2 0.0000 3

V Cramer 0.06 0.07 0.06
1 Significant differences in the examined nutritional behaviors in the total group; 2 significant differences in the
examined nutritional behaviors between girls; 3 significant differences in the examined nutritional behaviors between
boys; the chi2 Pearson test.

Analyzing the prevalence of selected nutritional behaviors in the whole group of adolescents
depending on the body weight status, significant relationships were observed for all eating behaviors
except for consuming vegetables. Regular consumption of breakfast was more often declared by
adolescents with normal body weight and underweight in total group and both for girls and boys.
The percentage of subjects consuming at least one portion of fruit was the smallest in the underweight
group, and the largest among the obese adolescents. Consumption of milk and milk beverages was
declared by a higher percentage by overweight adolescents, whereas in the smallest percentage by
underweight individuals. At the same time, no relationship was observed between this nutritional
behavior and the nutritional status separately for girls and boys. The frequency of regular consumption
of whole-grain bread increased with the category of body weight in the whole group and in the case of
girls. The relationship between fish consumption and the nutritional status was observed only in the
whole group. As in the case of bread, the frequency of declared fish consumption increased with the
BMI category. In the case of the last three nutritional behaviors: Drinking sweet beverages, eating
sweets and fast foods, the incidence of these behaviors decreased with the BMI category, both in the
whole group and among girls and boys (with the exception of drinking sweet drinks among boys,
where no relation was observed with the body weight status).

4. Discussion

Since adolescence is a time of tremendous biological, psychosocial and cognitive changes, nutrition
interventions need to be tailored not only to the developmental stage, but also to the nutritional needs
of individuals [18]. Based on dietary recommendation, nutritional behaviors crucial for the overall
diet quality of children and adolescents might be determined. The “key” determinants of the healthy
diet include eating breakfasts, regular consumption of vegetables, fruits, dairy products, whole grain
products, fish, as well as avoiding sugared soft drinks, sweets and fast foods (empty calories) [26,28,29].
Literature data indicate the prevalence of selected nutritional behaviors, as well as typical nutritional
errors in children and adolescents at different stages of development [8,30–32]. Hiza et al. [33] and
Bandield et al. [33] reported a poorer diet quality in adolescents compared to younger children.
In the US students, a decrease in fruit and vegetable consumption and an increase in fast food intake
have been reported from childhood and young adolescence to older adolescence [34]. Nevertheless,
Lipsky et al. [29] observed a modest improvement in diet quality between 16.5 and 20.5 years of age
reflected, among others, in more frequent breakfasts consumption.
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Based on the analysis of correspondence, it can be noticed that regardless of age or sex, beneficial
(or adverse) nutritional behaviors cluster together. Thus, individuals who, for example, do not consume
breakfast, more often show other adverse nutritional behaviors (a low consumption of fruit, vegetables,
fish and whole grain bread). A typical breakfast in Poland includes bread or cereals, dairy and/or meat
products as well as vegetables and/or fruit. Thus, omitting breakfast may lead to a reduction in the
supply of these products in the overall diet. Our results suggest that if one irregularity is found in a
teenager’s diet, it can be assumed that the overall diet quality is low. Interestingly, consuming (or not
consuming) sweets, sugared soft drinks and fast food cluster together, but did not correspond to other
determinants of the quality of the diet. It may suggest that such products might be consumed together
as a meal (e.g., meal typical for fast-food restaurants). It may also suggest the need for educational
activities aimed at these products, regardless of the general education about healthy nutrition.

In our study, the frequency of regular breakfast consumption decreased with age, both among
boys and girls. In addition, girls significantly less often declared eating breakfast compared to boys.
Our observations are consistent with data from the HBSC study [26] where older children and girls were
less likely to eat breakfast every weekday. However, more Polish 13- and 15 years olds declared this
beneficial nutritional behavior compared to the average among their European peers [26]. Interestingly,
we noted a significant relationship between the regularity of consuming breakfast and the body mass
status. Regular breakfast consumption was declared by the highest percentage of students with
normal body mass (61%) and the lowest with obesity (54%). It could be hypothesized that skipping
breakfasts can be a strategy to reduce the weight of adolescents. However, this hypothesis requires
additional research. Fayet-Moore et al. [35] observed a lower prevalence of overweight among breakfast
consumers compared to skippers (n = 4487, 2–16 years). Moreover, individuals who eat breakfast
had significantly higher intake of calcium and folate, and significantly lower intake of total fat than
breakfast skippers, which indicates the important role of breakfast not only in maintaining a healthy
body weight but also in the quality of the diet. Our results indicate a strong need to increase education
activities promoting the regular breakfast consumption, especially among older girls and students
with abnormal body mass status.

Regular fruit and vegetables consumption is linked to many positive health outcomes [36].
The WHO recommends at least 400 g of fruit and vegetables daily, however studies in 10 European
countries indicate that the majority of teenagers fail to meet the recommendations [37]. Only 37% of
13-year-olds and 33% 13-year-olds reported eating fruit at least once a day, whereas vegetables were
consumed every day or more than once a day by 35% of the 13-year-olds and 33% of the 13-year-olds,
respectively (average from 38 countries and regions) [26]. We observed a decrease in the daily fruit
and vegetables consumption with age in the total group, and for both genders; in the total group the
percentage of teenagers reporting daily fruit consumption decreased from 67% in 13-years-olds to 49%
in 19-years-olds. In the case of vegetables, we did not observe a relationship with body weight status,
but the frequency of daily fruit consumption was related to the nutritional state. Regular consumption
of fruit was most often declared by obese teenagers, and least frequently by underweight adolescents.
The fruit, in contrast to vegetables, have a higher energy value, which, with high consumption, may
increase the energy value of the diet. In the case of vegetables and fruit there is still a substantial room
for improvement in all subgroups, however education should emphasize differences in the caloric
value between fruit and vegetables, especially promoting the latter.

Dairy products, especially milk and milk beverages, contribute to a healthy diet by providing
energy, protein, and nutrients such as calcium, magnesium and vitamins B1, B2 and B12 [38].
Regular consumption of at least two servings of dairy products in adolescents resulted in a significant
weight loss and a reduction in body fat [39,40]. However, data from HELENA study reported
that European adolescents eat less than two-thirds of the recommended amount of milk (and milk
products) [37], which reflected in low calcium intake, especially in oldest girls group [10]. We also
observed a decrease in the percentage of students declaring daily milk and milk beverages consumption
with age. The trend was particularly pronounced among girls: From 56% among 13-year-olds to 43%
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in 19-year-olds. We also observed a relationship between milk consumption and nutritional status in
total group. In this case regular daily milk consumption most often has been declared by individuals
with normal body weight. Based on our findings, nutritional education concerning promotion of milk
products should be especially targeted at older girls.

As in the case of vegetables and fruits, consumption of whole grain products is associated with a
lower risk of many diet-related diseases, e.g., cardiovascular disease and stroke, hypertension, insulin
sensitivity, diabetes mellitus type 2, obesity and some types of cancer [41]. Papanikolaou et al. [42]
reported a better diet quality and nutrients intake in US children and adolescents consuming grain food
products compared to those consuming no grains. In our study less than half of students consumed
whole grains bread every day, and the percentage of those decreased with age. Interestingly, the
frequency of whole-grain bread consumption was the highest among adolescents with excessive body
mass, especially in girls. This may suggest that although consumption of whole grain bread improves
the quality of a diet, it may also contribute to increasing the overall caloric value of the diet.

Regular intake of fish, particularly fatty fish, has positive health outcomes, especially in the
long term. It reduces the risk of CHD mortality and ischaemic stroke [43]. Fish consumption in
adolescents has been associated with better school achievements and performance in cognitive tests [44].
Handeland et al. [45] observed a small beneficial effect of fatty fish consumption on processing speed
in tests of attention conducted in 426 students age 14–15 years old. In our study only half of students
consumed fish at least once a week, and no age effect has been observed. However, boys declared
consumption of fish more often compared with girls. Additionally, the significant relation has been
noted between fish consumption and body weight status: The percentage of fish consumers increased
with body mass status (45% in underweight and 53% in obese individuals). However, considering the
beneficial role of fish and their low intake, nutritional education should be carried out in all subgroup
of adolescents, regardless of age, sex or weight status.

Sugared soft drinks, sweets and fast foods are the sources of empty calories that contribute to a
substantial share of the total energy intake in children and adolescents [46]. Intake of soft (sweetened)
drinks among adolescents is higher than in other age groups (nearly 20% of 13- and 15-years olds
reported their regular daily consumption), and it is associated with a greater risk of weight gain, obesity
and chronic diseases and directly affects dental health by providing excessive amounts of sugars [26].
In our study, consumption of sugared soft drinks increased with the age category in total group, and
both for boys and girls, but in the same time was the lowest in the case of obese individuals compared
to other weight groups (except for boys). Sweetened beverages provide a high-energy amount in liquid
form that contributes to increasing the simple-carbohydrate content of the diet and influencing the
other nutrients’ intake [12,47]. Interestingly, similar relationships were also observed in the case of
fast food consumption. While sweets consumption was significantly higher in girls and underweight
students, but no effect of age has been noted. The HBSC data also highlighted gender differences in
daily sweets intake (27% of 13-years old girls compared to 23% of boys in the same age). Taking into
account the prevalence of these adverse behaviors, nutritional education should be directed at all
adolescents, but with particular focus on older age groups.

Strengths and Limitations

The strength of the study is the sample size. To our knowledge there is no research on such a
scale covering all age categories over a large geographic area. With such a large sample, the advantage
is also the way of obtaining data. All questionnaires were filled in by a trained dietician who could
explain the respondents’ doubts on an ongoing basis. Moreover, all anthropometric data were obtained
through measurements conducted also by a dietician, which ensured obtaining reliable results and
minimize the bias.

Respondents for our study were recruited from schools participating in the project, which can
be a certain limitation. However, the number of schools allowed a random selection of the sample
taking into account different types of institutions and their geographic location. The small number
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of questions with the very limited possibilities of answers in the questionnaire may also be a certain
limitation. However, the questions have been developed on the basis of large, international studies on
the nutritional behaviors of school-aged children [21,26], and include the most important healthy and
unhealthy behaviors concerning nutrition. Additionally, the questionnaire was validated before the
main study.

5. Conclusions

By analyzing the differences in nutritional behaviors between age and gender groups, we provide
data that can inform the development of dietary interventions tailored to answer the needs of
adolescents at different stage of development and to improve the quality of their diet. We observed
significant changes in the frequencies of analyzed eating behaviors depending on gender as well as
on age. Furthermore, we have shown that the incidence of undesirable eating behavior is higher
among underweight adolescents compared to their peers with an excessive body mass. Information
on the most frequent nutritional errors on every stage of adolescents might be used to determine the
type of educational messages given when counseling this challenging group, e.g., education activities
regarding regular breakfast consumption should be intensified in older age groups, as the percentage
of young people who eat breakfast decreases with age. On the other hand, education on the adverse
effects of consumption of sweets, sugared soft drinks and fast food should be directed not only to
adolescents with excessive body weight, but mainly to those underweight, as the consumption of
these products is more frequent in this group. Moreover, regardless of age and sex, both favorable and
adverse nutritional behaviors corresponded with each other. The present findings can be used both for
the development of educational programs and for educational activities carried out by teachers at the
school level.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/11/7/1592/s1,
Figure S1: The diagram of the Wise Nutrition—Healthy Generation project.
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Abstract: The revised guidelines from the Department of Health (DoH) in the UK state that mean
population intakes of free sugars should be below 5% of the total energy (TE) consumption of the
British population. However, very few studies have assessed the impact of this recommendation
on diet quality in the UK. We explored the dietary patterns and intakes of micronutrients of British
adolescents with low intakes of non-milk extrinsic sugars (NMES) (similar to free sugars but not
equal, with slight differences in the categorisation of fruit sugars from dried, stewed or canned fruit
and smoothies), using the National Diet and Nutrition Survey Rolling Programme, years 1–8 (NDNS
RP). The sample included 2587 adolescents aged 11–18 years. Four percent (112) of adolescents
reported consuming 5% or lower NMES as a proportion of TE. The odds of being categorised as a
low-sugar consumer in adolescents (≤5% TE from NMES) were significantly lower with higher intakes
of sweetened drinks, fruit juice, cakes, biscuits, sugar and sweet spreads, chocolate confectionery
and sugar confectionery, and significantly higher with higher intakes of pasta and rice, wholemeal
and brown bread, and fish. Across the five categories of NMES intakes, micronutrient intakes were
lowest for those consuming either ≤5% TE or more than 20% TE from NMES, and optimal for those
consuming between 10–15% of energy from NMES. These findings confirm the difficulties of meeting
the free sugars recommended intake for adolescents. Care needs to be taken to ensure that an adequate
consumption of micronutrients is achieved in those adhering to the revised guidelines on free sugars.

Keywords: free sugars; added sugars; non-milk extrinsic sugars; diet quality; nutrient intake

1. Introduction

The prevalence of obesity is high in the UK [1,2]; nearly 25% of adults are obese and the risk
of obesity in adulthood is much higher for those who are obese in childhood or adolescence [3].
The causal factors for obesity are complex and multi-factorial, but many are modifiable through
individual and policy action to improve dietary and activity behaviour. As such, the World Health
Organization (WHO) recommends that individuals reduce their intakes of fats and sugars and increase
their consumption of fruits and vegetables to improve their health [2], which includes limiting the
consumption of free sugars in foods and drinks.

There are several factors which suggest that a diet high in non-milk extrinsic sugars (NMES) could
result in a poor-quality diet, including excess energy intake, low satiety, poor compensation in terms of
energy intake, a less nutritious diet higher in nutrient-poor foods and lower in nutrient-rich foods.
NMES are similar to free sugars [4] and was the definition used for recommending sugars intakes before
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2015 in the UK. Ultimately, a diet rich in these sugars results in weight gain [5,6]. Based on further
evidence from systematic reviews of dietary sugars and body weight [7], and on dental caries [2], the
WHO and the Scientific Advisory Committee on Nutrition (SACN) revised the recommendations to
restrict added and free sugars intake in 2015. The recommended % total energy (%TE) from free sugars
was lowered from 10% TE [8] to 5% TE [9].

To date, no national studies have reported on diet patterns with different categories of NMES
intake. Two studies assessed micronutrient adequacy by dietary sugar intake [10,11], but reported no
firm basis to describe an optimal intake of added sugars with regard to micronutrient adequacy, given
how divergent the reported relationships were between micronutrients and added sugar were across
studies. Whilst most studies report either no association between added sugars intakes and dietary
adequacy or some deterioration with high intakes, some also describe a curvilinear association with
poorer micronutrient status at the lower extremes of added sugars intake [12]. This may be related to
low overall food intakes in low-sugars consumers, which could be due to deliberate energy restriction
for weight reduction, distorted reporting of all or specific foods, or avoidance of foods which are
particularly rich sources of micronutrients.

Whilst it is clearly important to determine the impact of high consumption of free or added sugars,
it is equally important to explore associations with micronutrient intakes in individuals adhering
to the guidelines on added or free sugars, as significant deviations from the general UK dietary
pattern might have been adopted [13]. Our study therefore aimed to examine the potential impact
of adherence to the revised guidelines on the intakes of important key foods and nutrients in British
adolescents. We quantified existing dietary intakes of major food groups and nutrients in participants
of the National Diet and Nutrition Survey Rolling Programme years 1–8, categorised by percentage of
energy from NMES.

2. Materials and Methods

2.1. The National Diet and Nutrition Survey Rolling Programme

In the UK, the National Diet and Nutrition Survey Rolling Programme (NDNS RP) provides
an authoritative source of information on the nutritional status of the UK population, providing
descriptors of food and nutrient intakes, biomarkers of nutritional status and anthropometric indices
of over, and underweight. This survey is funded by the Public Health arm of the Department of
Health for England (Public Health England) as a means of monitoring diet and nutrient trends and
the adequacy of the UK diet. Fieldwork was carried out between 2008 and 2016 to collect dietary
and lifestyle information from approximately 1000 participants every year from private households,
providing sufficient statistical power to observe differences between dietary intake groups. Further
details of the survey and sampling methods were reported elsewhere [14]. Data files from years 1–8 of
the NDNS Rolling Programme (2008–2016) were obtained under licence from the UK Data Service.

2.2. Dietary Information

Dietary information was collected using a four-day food diary. The participants were required to
complete the diary by reporting portions of food and drink consumed, using household measures over
four consecutive days assigned randomly by the interviewer’s computer-assisted personal interview
(CAPI), beginning on any day of the week. For children aged 11 years, a parent/carer was asked to
complete the four-day diary with help from the child as appropriate. Photographs of food portions were
included in the diary to aid portion size descriptions and younger children (<16 years) were provided
with an age-appropriate version of the Young Person’s Food Photograph Atlas [14]. Consumption
was expressed as grams per day (g/day). Data on food group consumption and total nutrient intakes
averaged over 4 days (and in some cases 3 days) were provided for each adolescent participant.
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2.3. Characteristics

Participant characteristics were collected using a CAPI programme and self-completion
questionnaires during the interviewer visit in the first stage of the survey. Classification of
socio-economic status was undertaken based on occupation, according to the UK National
Statistics-Socio-Economic Classification (NS-SEC). Participants were initially divided into eight NS-SEC
categories and reclassified into three categories: (1) managerial/professional, (2) intermediate, and
(3) routine/manual, in addition to ‘unemployed/don’t know’ or ‘missing’. Height and weight were
measured, and the mean of three valid measurements were recorded, from which BMI (kg/m2) was
derived. Waist circumference (cm) and waist-to-hip ratio measurements were taken during a consented
nurse visit during the second stage of the survey. Waist and hip circumference (cm) was measured,
and the mean of three valid measurements were recorded.

2.4. Statistical Analyses

Survey weights from the dataset were applied to account for bias in non-response and probability
of selection by age, sex and Government Office Region relative to the total population in the UK, as
addressed elsewhere [14–16].

The food groups (Supplementary Table S1) investigated here are similar to previous literature,
and a full list can be found in the supplementary tables in the NDNS report [15]. In this study, we
focused on foods high in sugar, as well as foods which provide alternative substantial energy from
protein, fat, and carbohydrates. Sugar sweetened drinks included carbonated and cordial drinks but
not pure fruit juice, milk-based drinks or tea and coffee. A number of different dietary sugar variables
were derived from the food diary analysis. In line with the SACN recommendation, NMES as a percent
of total energy was the variable used for this analysis (rather than percent of food energy). However,
the proposed SACN guidelines refer to ‘free sugars’ which also include sugars in pure fruit juice and
50% of sugars in fruit purees that are not included in NMES; therefore NMES values are likely to be
slightly lower than free sugars levels [13]. Participants were categorised by percentage (%) of total
energy from NMES into 5 groups (≤5%, >5–10%, >10–15%, >15–20%, >20%) with means reported.
Wald tests were carried out to determine statistically significant differences in mean characteristics,
such as anthropometric measures, between the NMES consumption categories. Chi-square tests were
used to determine differences in categorical variables, such as smoking, between NMES consumption
groups reported as percentages and 95% confident intervals (CI) in table 1.

Energy, food and nutrient intakes (excluding supplements) by the %NMES category were reported
as means (g/day and mg/day or μg/day) and 99% confidence intervals (CI). Wald tests were carried out
to determine statistically significant differences in intake between the % NMES categories. Patterns
of food consumption were visualised using a radar chart. Logistic regression was undertaken to
determine the odds (99% CI) of being classified as a low NMES consumer (≤5% NMES) compared with
any other NMES category with increasing food intake by typical portions (g/day). This was adjusted by
age and gender. Sensitivity analyses excluded 6.5% of participants, who were dieting (n = 152). We also
adjusted for those who reported dieting. When dieters were excluded, only 94 individuals remained in
the lowest NMES group for the sensitivity analyses. The proportion of adolescents consuming less
than the Lower Reference Nutrient Intake (LRNI) for vitamins A, C, B12, riboflavin, and folate, and the
minerals iron, calcium, magnesium, potassium, zinc and iodine was reported as a % and 99% CI by
category of %NMES consumption, and a graph of the % was produced. Stata version 14.1 was used for
all statistical analyses and statistical significance was determined using p ≤ 0.01 due to multiple testing.

The extent of under-reporting was explored using estimates of the basal metabolic rate derived
from standard Harris–Benedict equations [17] multiplied by a very low physical activity level (PAL) of
1.2 [18]. This value was used to reflect an implausible level of energy intake reported from the 4-day
survey diary. However, under-reporting using even this conservative approach was so pervasive
and generated such high numbers of potential under-reporters that their exclusion would render the
analysis unfeasible. Accordingly, no individuals were excluded on the basis of under-reporting.
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2.5. Research Ethics

Ethical approval for the NDNS RP had already been obtained from the Oxfordshire A Research
Ethics Committee. The letters of approval for the original submission and subsequent substantial
amendments, together with the approved documents, were sent to all the Local Research Ethics
Committees (LRECs) covering the areas where the fieldwork was conducted. No further approval
was required.

3. Results

The analysis was carried out on 2587 adolescents aged 11 to 18 years. Their mean intake of NMES
in grams was 72 g/day (95% CI 70 to 74), and as a percentage of total energy intake, this was 14.9%
(95% CI 14.5 to 15.2). They were categorised by level of % total energy from NMES consumption, as
described in the methods, and 4% (n = 112) of the sample consumed ≤5% NMES, and therefore met the
recommended level of intake. This category consumed a mean of 13 g of NMES. The category with the
highest number of participants (34%) consumed 10–15% of energy from NMES with an average daily
intake of 60 g/day of NMES. The highest NMES consumption group, with intakes greater than 20% of
total energy, included almost a fifth of the sample (18%), with an average daily intake of 122 g/day
of NMES.

Few statistically significant differences in participant characteristics between the categories of
NMES consumption were observed (see Table 1) but individuals from ethnic minorities were more likely
to be in the lowest NMES consumption group. Although more females and obese individuals tended to
be in this group, differences were not statistically significant. The proportion of adolescent participants
within each NMES intake category with implausible recorded energy intakes was consistently high
across all categories, but was markedly greater in the lowest NMES consumers at 79%, compared with
49% in the highest consumers.
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3.1. Foods

Differences in mean intake (g/day) of selected foods by category of sugars consumption (% energy)
are displayed in Table 2. There was a general trend across the categories for pasta and rice, wholemeal
bread and high fibre breakfast cereals to be eaten in larger quantities in the lower NMES categories.
Conversely, consumption of biscuits, cakes, and ice-cream was higher with each increase in the NMES
category; however, no significant difference was observed for pudding intake. Confectionery, sugars
and sweet spreads increased with increasing added sugars across the categories. Sweetened soft drinks,
fruit juices and beer consistently increased over all the NMES categories, but low-calorie drinks did
not show a clear trend across the categories. Non-low-calorie soft drinks consumption was particularly
high in the highest NMES category, with a daily mean intake of about 500mls in the highest category
compared with 12 mL in the lowest. The highest intakes of cheese, yogurt and other dairy desserts were
found in the middle groups of NMES intake. The intake of savoury snacks, such as crisps, increased
over increasing sugars categories. The intake of disaggregated total fish and vegetables generally
decreased across increasing sugars categories.
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Differences by category of NMES for the selected drinks and foods are also displayed in radial
graphs for ease of interpretation (Figures 1 and 2, respectively). Participants in the higher categories of
NMES consumption had high intakes of full-sugar soft drinks, which was highest in the highest NMES
category and lowest in the lowest NMES category. The remaining drinks such as milk, fruit juice and
low-calorie soft drinks varied little by NMES category. The participants in the higher NMES categories
had particularly high intakes of biscuits, cakes and both sugar and chocolate confectionery. There
was less variation between the categories of NMES for puddings, yogurt and other dairy desserts,
breakfast cereals, ice-cream and sugars and sweet spreads. Mean intakes by weight were highest for
cakes, chocolate confectionery, and yogurts.

Figure 1. Consumption of alcoholic and non-alcoholic beverages (g/day) by adolescents in the National
Diet and Nutrition Survey aged 11 to 18 years, by category of non-extrinsic milk sugar after the
application of survey weights.

Figure 2. Consumption of sweet foods (g/day) from adolescents aged 11 to 18 years in the National Diet
and Nutrition Survey, by category of non-extrinsic milk sugar after the application of survey weights.
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The odds of being categorised as a low-sugars consumer (≤5% NMES) varied by food type. The
age- and gender-adjusted results are provided in Figure 3. The odds of an adolescent being categorised
as a low-sugars consumer compared with any of the other NMES categories were significantly lower
with greater consumption of biscuits, cakes, sugar and sweet spreads, confectionery, fruit juice and
full-sugar soft drinks. The odds of being categorised as a low-sugars consumer were significantly
higher with higher intakes of wholemeal and brown bread. Similar findings were reported when dieters
were excluded or adjusted for, although on exclusion of dieters, the odds were also significantly lower
in relation to greater consumption of ice-cream and significantly higher with greater consumption of
eggs, but not significant for wholemeal bread (see Supplementary Table S2).

Figure 3. The odds (99% CI, p-value) of adolescents aged 11 to 18 years being categorised as consuming
<10% NMES of total energy with increasing consumption of various foods by portion (g/day) in the
National Diet and Nutrition Survey.

3.2. Nutrients

Energy and nutrient intakes by category of percentage of energy from NMES are reported in
Table 3. Energy intakes (both food-derived and total) were consistently lowest in participants reporting
the smallest intakes of NMES, increasing with increasing NMES intake. Protein and dietary fibre
were lowest in the highest NMES group, and fibre was consistently low across all the NMES intake
categories. Intakes of energy from total fat and total carbohydrate were reciprocally associated with
higher carbohydrate and lower fat intakes in the highest NMES consumers. Intakes of alcohol were
low, as might be expected, but were equivalent to about 2 units per week on average in the highest
NMES consumers.
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In terms of water-soluble vitamins, intakes of riboflavin, niacin equivalents and B12 tended not to
vary greatly by NMES intake category. However, the highest folate, zinc, magnesium, calcium, iron,
vitamin E, Vitamin D, iodine, potassium and sodium intakes were consumed in the middle NMES
consumer group (>10–15%), whilst vitamin C intakes increased with increasing NMES consumption.
All micronutrient intakes were lower in the lowest NMES intake group (meeting recommended
NMES levels) compared with those in the intermediate categories (5–10% and 10–15% of energy
categories). The results were similar, albeit slightly attenuated when dieters were excluded (see
Table S3 and Figure S1).

Table 4 shows the percentage of adolescents consuming less that the LRNI (very low micronutrient
consumers who are likely to be deficient if usual intake is below this level) for micronutrients by
category of percentage energy from NMES. Generally, for the nutrients of concern, there was evidence
of a U-shaped relationship between the percentage of energy from NMES and the proportion of each
category reporting less than the LRNI for vitamins A, riboflavin and folate and also for the minerals
calcium iron, magnesium, potassium, zinc and iodine (see Figure 4). Those consuming between 10–15%
of energy from NMES had the smallest proportion of individuals consuming below the LRNI for most
micronutrients. The lowest and highest NMES consumer categories had the greatest percentage of
individuals consuming less than the LRNI. For example, 44% in the lowest NMES intake category, and
33% in the highest category did not consume more than the LRNI for iron, compared with 25% to 30%
of participants in the middle NMES categories. 20% or more of participants with the lowest NMES
intakes reported consuming less than the LRNI for vitamin A, riboflavin, iron, calcium, magnesium,
potassium, zinc and iodine.

 

Figure 4. Percentage of adolescents aged 11 to 18 years in the National Diet and Nutrition Survey with
micronutrient intakes below LRNI by percentage of non-milk extrinsic sugars consumption of total
energy (n = 2587) after the application of survey weights.
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Table 4. Proportion of adolescents aged 11 to 18 years in the National Diet and Nutrition Survey with
micronutrient intakes below LRNI by percentage of non-milk extrinsic sugars consumption of total
energy (n = 2587) after the application of survey weights, expressed as percentage (99% CI).

Variables Total
Quantiles of Non-Milk Extrinsic Sugars Consumption (% of Total Energy/Day)

≤5 >5–10 >10–15 >15–20 >20 p-Value

No. of participants, n 2587
(100%) 112 (4%) 470 (17%) 795 (34%) 699 (27%) 511 (18%)

Micronutrients

Vitamin A, μg/day 16 (13, 18) 21 (12, 35) 16 (11, 24) 12 (9, 17) 18 (13, 23) 17 (12, 25) 0.09
Riboflavin, mg/day 16 (13, 18) 39 (23, 56) 20 (15, 27) 13 (9, 17) 13 (9, 17) 16 (11, 22) <0.01

Vitamin B12, μg/day 2 (1, 3) 5 (2, 13) 1 (1, 3) 1 (0, 4) 1 (0, 3) 2 (1, 6) 0.31
Folate, μg/day 7 (5, 9) 12 (5, 26) 6 (3, 11) 5 (3, 8) 6 (4, 10) 12 (7, 18) 0.03

Vitamin C, mg/day 1 (1, 2) 4 (1, 19) 2 (1, 6) 0 (0, 2) 1 (0, 5) 2 (1, 5) 0.11
Iron, mg/day 28 (25, 31) 44 (29, 61) 30 (23, 37) 25 (20, 30) 25 (20, 31) 33 (26, 41) 0.01

Calcium, mg/day 15 (13, 17) 31 (18, 49) 18 (13, 25) 10 (7, 14) 13 (10, 18) 18 (13, 25) <0.01
Magnesium, mg/day 39 (36, 42) 51 (35, 67) 45 (37, 52) 33 (28, 38) 37 (31, 43) 44 (37, 52) <0.01
Potassium, mg/day 25 (22, 28) 37 (23, 55) 30 (23, 38) 22 (17, 27) 21 (17, 27) 29 (22, 36) 0.01

Zinc, mg/day 19 (16, 21) 27 (15, 44) 19 (13, 26) 13 (10, 17) 19 (14, 25) 27 (21, 35) <0.01
Iodine, mg/day 18 (16, 21) 37 (22, 54) 21 (15, 28) 14 (10, 18) 16 (12, 21) 22 (16, 28) <0.01

4. Discussion

The intakes of NMES in UK adolescents within this nationally representative UK survey were
14.9%TE (75 g/day), with only 4% meeting the current UK or WHO [2] recommendations currently set
at ≤5%TE. Twenty-one percent consumed less than 10%TE from NMES, and were therefore adherent
to the previous UK recommendations set by the Department of Health in 1991 [8]. The low-sugars
consumers consumed less sugar sweetened drinks, fruit juice, biscuits, cakes, sugar and sweet spreads,
confectionery, yoghurts and ice-cream. Furthermore, low-sugars consumers ate more vegetables, pasta
and rice, wholemeal and brown bread, and fish. In terms of nutrients, the NMES intake category
with the lowest proportion of adolescents that were deficient (intakes below LRNI) was the 10–15%
NMES category.

Our findings for average NMES intake among adolescents are similar to the NHANES (National
Health and Nutrition Examination Survey) in the US (both surveys report approximately 14%TE for all
age groups) [19]. Adolescents who meet the ≤5% energy from NMES recommendation were similar in
numbers to those observed in other European countries, and consistent with observations elsewhere
of higher consumption levels in adolescents than in adults [20]. In a recent analysis of the Dutch
National Food Consumption Survey 2007–2010 [21], adherence to the ≤ 5% recommendation was even
lower, at < 1% of the sample, suggesting that an NMES intake ≤5% TE might be too low to achieve
within the general UK population and other countries. Interestingly, adolescents who consume 10–15%
NMES were the least likely to be deficient in many micronutrients, and thus, arguably, consumed the
most nutritionally balanced diets. It is likely that adolescents with extremely low NMES intakes are
consuming diets atypical to the general population due to restrictions in intake, including dieting, as
they also had much lower energy intakes than the remaining categories. As such, substantial changes
in dietary patterns are needed to adhere to the new recommendations, not simply removing high-sugar
foods from the diet.

Given this potential major shift in nutritional intake for the majority of the UK population, in order
to achieve compliance, it is therefore important to have confidence that there is no evidence of detriment
in terms of dietary micronutrient adequacy. However, our findings suggest a U-shaped relationship
between odds of micronutrient inadequacy and NMES intake by %TE for several micronutrients,
where adolescents with the lowest %TE from NMES appeared to have the highest likelihood of
micronutrient inadequacy. This is broadly consistent with a systematic review of 30 cross-sectional
and prospective studies investigating associations between added sugar and nutrient intakes, where
21 found a negative association between added sugar and micronutrient intakes [22]. Our finding
that micronutrient inadequacy increased with higher NMES consumption was consistent with the
systematic review. However, it is unclear whether the observed effects from the systematic review are
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clinically meaningful, as the differences were reported to be small to moderate. None of the previous
studies in the review reported a positive association with lower diet quality at lower sugar intakes, as
we saw here. This may be because none of the studies in the review specifically compared categories
of sugars at 5% or below with higher intake categories; 10% of sugars intake or below was the lowest
category reported by any of the included studies. No mention was made of excluding dieters in
the review but dieters or participants restricting their diet in other ways could be dominating this
low-sugars group. However, we did not see any major differences in dietary patterns or nutrient
adequacy in the low-sugars consumers when dieters were excluded.

Among food categories, drinks consumption, especially high-calorie soft drinks, is perhaps the
strongest driver of added sugars intake, followed by confectionery, cakes and biscuits. These food
groups were strongly associated with the odds of a 10-fold increase in NMES intake (13 g vs. 122 g)
between the lowest and highest sugars consumers. This is consistent with earlier findings by a repeated
cross-sectional study of 1991 English school children aged 11–12 years that reported substantial
increases in the percentage of added sugars from drinks and breakfast cereals since 1980 [23], and that
sugar sweetened drinks are the highest source of added sugars in most age groups [14]. In contrast,
we did not find significantly higher intakes of breakfast cereals, either whole-fibre or other cereals
in high-sugars consumers in comparison to the repeated cross-sectional English study [23], perhaps
because sugars from breakfast cereals contribute a relatively small amount to the overall intake of
NMES despite increased breakfast cereal consumption in the last two decades.

We also found a clear relationship between %TE from NMES and total energy intakes, with
participants in the highest NMES intake category reporting intakes that provided 35% more energy
than the lowest consumers. This supports contentions that higher intakes of added sugars drive up
energy intake [9]. However, the reported differences may be overestimated since the lowest NMES
consumption group may largely have be under-reporting, and also contained a higher proportion of
individuals who were ‘dieting’ compared with other NMES categories. In terms of nutrient quality, a
minimum amount of energy and foods may be necessary to reduce risk of deficiency.

Intakes in foods low in sugar, such as vegetables, wholemeal bread, pasta, rice, high-fibre breakfast
cereal and fish, were higher in the lower-sugars consumers. Whilst it is clearly feasible to reduce
NMES consumption to 5% of energy or less and still adhere to other dietary guidelines [24], it is clear
that dietary choices between high and low NMES consumers are notably different, and this would
involve a substantial shift in current eating habits. Changes may include consuming more protein-rich
foods with fresh vegetables and high-fibre carbohydrates, including more plant foods such as beans
and pulses [25], which may mean less snacking and more cooking with concomitant time and cost
implications. However, in practical terms, these changes are highly challenging, and we do not have
the evidence that the general public are able to do this without individual assistance.

The British Nutrition Foundation published a seven-day meal plan with suggested meals and
snacks that meet the recommendations for a range of nutrients, including NMES, but this is very
different from a typical diet in the UK [13]. In order for the British population to meet the new
recommendations for added sugars, significant reductions in the consumption of sugar sweetened
drinks, including fruit juice, beer and cider, confectionery, cakes and biscuits, would be necessary.
For example, sweetened drinks could ideally be replaced with water but could also be replaced with
milk or unhealthier sweetened milk-based drinks such as flavoured milk. Additional replacements for
foods with both high sugar and fat, such as confectionery, cakes and biscuits, with higher-fat content
foods need to be considered and avoided.

The national survey NHANES in the US found that most of the added sugars are consumed
through food bought in shops such as supermarkets rather than in restaurants, so improvements in the
retail sector may potentially have more impact [19], but a holistic approach is needed to target the
out-of-home sector as well as supermarkets and other retailers. Diet quality in NHANES is also reduced
with higher intakes of sweetened drinks and higher intakes of energy-dense foods [6]. Whether nutrient
dilution effects of added sugars are counteracted by micronutrient fortification of foods is controversial.
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An analysis of German children and adolescents suggested that food fortification improvements
to nutrient density outweighed the nutrient dilution impact of added sugars [26]. However, food
fortification alone is unlikely to adequately improve diet quality at very high sugar and energy intakes.

A previous cross-sectional analysis of NDNS data reported that large portion sizes of soft drinks,
were associated with higher BMI in adolescents [27]. Certainly, the evidence on the associations
between specific sources of added sugars and health are strongest for sugar sweetened drinks, with
recent systematic reviews of trials or cohorts in adults reporting increased weight gain [28] and
increased risk of type 2 diabetes [29,30] for higher intakes of sweetened drinks. The evidence from
individual food sources of added sugars is scarce, with a lack of reviews on sugar-rich foods such
as confectionery, cakes and biscuits. Epidemiological evidence on different sugar substrates, such
as glucose and fructose, are also scarce. A systematic review of trials on the effect of total sugar
consumption on weight gain reported that higher total added sugars consumption increased the risk
of weight gain [7]. However, the impact of sugars from foods was not separated from the impact
from drinks [7]. Furthermore, most included trials had a short duration. There may be biological
reasons why sugars in drinks are more obesogenic than other sources of sugars in foods, related to
lack of satiety in energy-containing drinks [31] and glycaemic factors [32]. One suggested biological
pathway is de novo lipogenesis (DNL), whereby refined carbohydrates and sugars are converted to
fatty acids endogenously in the liver. Rates of DNL and fatty acid production (which leads to obesity
and NAFLD) were largely increased with increased consumption of carbohydrates and sugars in
parallel with decreasing levels of fat [33]. Similar findings were reported in an RCT with adolescent
boys with hepatic steatosis [34].

Policies to reduce added sugars intakes were introduced by Public Health England, including
a levy on sweetened drinks, reducing portion sizes of energy-dense foods and drinks, reducing
promotions and marketing and encouraging reformulation [35]. Sustained behaviour change is
difficult, and any one policy is unlikely to have the level of impact on dietary behaviour needed to
improve population health outcomes. Contentious policies can take many years to be implemented, as
seen in US attempts to reduce the sizes of drinks sold in fast food restaurants [36]. Although reductions
in preference for salty foods were reported within adults [37–39], there is less evidence for a reduction
in the preferred sweetness levels following the adoption of ‘low-sugar’ diets [40], suggesting that
dietary patterns incorporating sugars-sweetened foods may potentially be more resistant to change
than those incorporating salty foods. Sugar reduction policies may also need to involve programmes to
change cooking practices at home in order to reduce snack foods and increase meals containing pasta,
rice, and vegetables and increase the availability of healthy meals and snacks in restaurants and fast
food outlets. It is also necessary to be mindful of the other equally important recommendations made
to increase dietary fibre intakes, moderate total and saturated fat intakes, and select foods providing
adequate amounts of vitamins and minerals.

Strengths and Limitations

There were notable strengths and limitations in this analysis. The recommendations concerned
free sugars but our current study investigated NMES, as there was limited data on free sugars from
the NDNS when this study was designed. However, differences in these intakes are minor in the
British diet, and many organisations, including Public Health England, have tended to present NMES
and free sugars intakes interchangeably to date [41]. Information in the NDNS summary for years
7 to 8 reported that free sugars was between 15.9 and 14.1% TE for each pair of survey years, very
similar to our mean NMES value of 14.9% TE [42]. Furthermore, different countries use different
definitions and regions where the definition of added sugars does not include fruit juice report different
results. However, our findings for foods and drinks other than fruit juice are likely to be similar. A
limitation was that the NDNS data is prone to under-reporting, despite the best efforts to use data
collection methods to reduce this, and is estimated to be in the region of 30% for food diaries of over 16
year-olds [14] using the Oxford and Goldberg equations. Furthermore, under-reporting may also be

126



Nutrients 2019, 11, 1621

more common in certain groups of the population (i.e., female, or being overweight/obese) and for
energy-dense foods and drinks [43,44], which had an impact on the validity of the results. We did not
exclude under-reporters from the current analysis. The particularly high proportion of low-sugars
consumers who reported ‘dieting’ (9%) and with implausible energy intakes suggests that this group of
individuals may be dominated by individuals actively attempting to lose weight by dietary restriction,
perhaps via elimination of sugar-rich foods and increased intake of protein-rich foods. Equally, it
may be that this low-sugars group was dominated by individuals who were particularly poor food
diary record-keepers, with both general and/or selective under-reporting of particularly sugary foods.
These contributing factors made the interpretation of the results more difficult, as there were very few
participants who were low-sugars consumers and reported valid energy intakes. However, reporting
NMES as %TE may have negated some of the effects from under-reporters. Furthermore, the NDNS is
comprised of repeated cross-sectional data. Although the NDNS is broadly representative of the dietary
behaviour of the population, it is not possible to identify any causal factors. The results showing that
lower sugar consumers tended to have a higher BMI were likely because these adolescents were more
likely to be restricting their intakes due to excess weight. The strengths of the study were the robust
methodology used to analyse the data and the use of logistic regression to generate odds ratios while
adjusting for known confounders. A further strength was use of national data, which used validated
dietary assessment methods.

5. Conclusions

The typical British adolescent diet is currently very different from the levels of free sugars
recommended by the Department of Health. Low-sugars consumers have lower intakes of many sweet
foods and drinks, including sugar sweetened drinks (not low calorie), fruit juice, confectionery, sugars
and sweet spreads and cakes and biscuits. In addition, low-sugars consumers eat a healthier diet in
terms of more vegetables and fish, and more low-fat starchy foods such as rice, pasta, and wholemeal
bread. However, micronutrient intake was lower in this group than for adolescents consuming 10–15%
free sugars. These findings are useful for public health nutrition policy makers in planning priorities
for future action to improve the diet quality of adolescents.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/11/7/1621/s1,
Table S1: Categories of food group, respective portion sizes and foods included, Table S2: The age and
gender-adjusted odds (99% confidence interval, p-value) of being a low NMES consumer (≤5% total energy) in
all adolescents aged 11 to 18 years with increasing food intake by typical portions (g/day), and after excluding
participants who reported being a diet or on a special diet (n = 152) in the NDNS with increasing consumption
of various foods by portion (g/day), Table S3: Percentage (99% CI) of adolescents aged 11 to 18 years in the
National Diet and Nutrition Survey with micronutrient intakes below LRNI by percentage of non-milk extrinsic
sugars consumption of total energy excluding dieters (n = 2434) after the application of survey weights, Figure
S1: Percentage of adolescents aged 11 to 18 years excluding dieters in the National Diet and Nutrition Survey
with micronutrient intakes below LRNI by percentage of non-milk extrinsic sugars consumption of total energy
(n = 2434) after the application of survey weights.
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Abstract: Adolescent diets high in sugar are a public health concern. Sugar literacy interventions have
changed intake but focused more on children, adults, and early adolescents and on sugar sweetened
beverages rather than total sugar consumption. Food models are an efficacious experiential learning
strategy with children. This study assessed the impact of two 45 min nutrition lessons using food
models on adolescents’ sugar literacy. Classes (n = 16) were randomized to intervention or control
with knowledge, label reading skills, intentions to limit sugar consumption measured at baseline and
follow-up. Two hundred and three students aged 14 to 19 from six schools on Vancouver Island, BC,
Canada participated in the study. Adolescents’ knowledge of added sugar in foods and beverages
and servings per food group in a healthy diet was limited at baseline but improved significantly in
the intervention condition (F(1, 201) = 104.84, p < 0.001) compared to controls. Intention to consume
less added sugar increased significantly after intervention (F(1, 201) = 4.93, p = 0.03) as did label
reading confidence (F(1, 200) = 14.94, p < 0.001). A brief experiential learning intervention using food
models was efficacious for changing student’s knowledge about sugar guidelines and sugar in food,
label reading confidence, and intention to change sugar consumption.

Keywords: sugar; knowledge; education intervention; food models; adolescent

1. Introduction

Sugar in the diet is present naturally or as an added ingredient which has been related to both tooth
decay and excess weight gain [1]. Overweight and obesity in populations has been rising worldwide,
and is a significant public health concern as they are associated with health problems such as diabetes
and cardiovascular disease [2]. Canadian adolescent overweight and obesity rates have mirrored this
pattern; with 30% of children age 5 to 17 overweight or obese in 2018 [3].

It is well accepted that a major cause of overweight and obesity in the last three decades has
been sedentary lifestyles and changes in the diet including consumption of less fruits and vegetables
and more energy dense foods and beverages in the diet [4]. One World Health Organization (WHO)
recommendation for addressing the overweight and obesity epidemic is limiting intake from total fats
and free sugar, the sugar added to food and beverages, and sugars naturally present in honey, syrups,
and fruit juices [5].

Although there is not yet an international consensus around the maximum amount of sugar that
should be present in a healthy diet, recommendations from the WHO are widely used. These state
that less than 10% of the calories in the diet should come from free sugar [5]. In Canada, adolescents
are consuming 14.1% of their calories from added sugar [6] (sugars that are incorporated into foods
and beverages and sugars naturally present in honey, syrups, and undiluted juices concentrates [7]).
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Added sugar is consumed by adolescents in sugar-sweetened beverages (SSBs) but in solid foods as
well [8]. Adolescent sugar consumption is a concern since this is an age where eating habits are formed
and diet quality deteriorates [9]. Strategies and interventions to change this public health trend are
needed. One approach has been to address food literacy, which is not only about knowledge and
awareness, but also concerns the skills/capacity to act [10].

Brooks and Begley [11] reviewed literature focused on adolescent food literacy and found there
was a lack of food literacy interventions for older adolescents (i.e., high school students). Additionally,
based on their review of effective interventions, they suggested using innovative teaching aids,
including opportunities for experiential or “hands-on” learning. Experiential learning is designed to
develop personal understanding, knowledge, skills, and attitudes through active engagement and
reflection on certain activities [12]. Atkins and Michie [13] suggest that it is important to include one
or more behavioral change techniques to influence capacity building, motivation or opportunity to
change behavior (COM-B model). Finally Brooks and Begley suggested schools, community centers or
sporting clubs as possible delivery settings for food literacy intervention.

Schools represent an ideal setting to facilitate dietary behavior change since youth regularly attend
for prolonged periods across a year and as they age [14] and they are responsible for the delivery of
health curricula. Therefore, the school presents an opportunity to provide nutrition-related education
interventions that incorporate evidence-based intervention techniques to increase health literacy levels.

In British Columbia, Canada, the Physical and Health Education (PHE) curriculum for secondary
students includes teaching students about the role of nutrition in health and performance in order
to help them develop the ability to choose to eat healthy foods [15,16]. The Ministry of Education
encourages flexibility in finding different ways to bring this learning to students. Including sugar
literacy education sessions as part of physical and health education could be a way to help adolescents
make healthy food choices.

Nutrition education addressing sugar literacy for adolescents has mostly targeted SSB
consumption [17,18]. Sugar-sweetened beverages are the single category of food/beverages through
which adolescents consume the most added sugar; although the highest amount of added sugar
they consume comes from across all other food groups together [6]. Therefore, interventions that
consider not only knowledge, awareness, and skills related to sugar in SSBs but also in other foods are
vital to reducing total added sugar in the diet. There appears to be no published literature related to
broader sugar literacy interventions targeting older adolescents although a recent study intervened
with 10 to 12 year old children in the United Kingdom [19]. The researchers provided two 45 min
educational sessions across 2 days that also incorporated experiential activities using a teaching aid
(heaped teaspoons of sugar to illustrate the amount of sugar in a variety of foods). At baseline, children
had limited knowledge of sugar in foods and beverages. The educational intervention improved their
knowledge significantly at follow-up (p < 0.001). This is not surprising, as visual teaching aids have
been shown to make learning more effective. Shabiralyani et al. [20] suggest that 83% of what is learned
is gained from the sense of sight, 11% from what we hear, and the remaining from the senses of smell,
touch, and taste.

Life-sized food models are visual aids that have been used in nutrition education. The literature
shows that two- or three-dimensional food models have been used to assess the amount of food
consumed [21–25], to examine and teach nutrition knowledge in early childhood [26–28] and for
nutrition education with families [29]. However, to date, there appears to be little evidence about the
use of life-sized food models for nutrition education with adolescents. Two-dimensional food models
may be a more feasible option for use in schools because of their lower cost, weight, and size but their
efficacy needs to be tested.

The purpose of this study was to explore the impact of two 45 min nutrition lessons using life-sized
two-dimensional food models on adolescents’ sugar literacy. Specifically, the study objectives were to
determine the effect of this experiential learning strategy on the knowledge and awareness of sugar
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content in foods and beverages and the recommendations for limits on sugar consumption as well as
the impact on skills and intention to consume less added sugar.

2. Materials and Methods

The research design included a randomized controlled trial with baseline and follow-up measures
(see Figure 1), with randomization by class to either a regular Physical and Health Education class
condition (control group) with delayed nutrition education sessions or two nutrition education sessions
using food models during physical and health education (intervention group).

Figure 1. Research design diagram and timeline.

The sample size was calculated using G*Power analysis program [30] with the power set at 0.9,
significance at p < 0.05, and an effect size d = 0.8 (large effect). A minimum of forty-nine participants
was needed in each condition to be able to detect a difference between groups.

A 5 min recruitment presentation explaining the project was shared at a Physical and Health
Education teachers meeting (representing 5 different school districts on Vancouver Island). Teachers
were asked to contact the researcher if they were interested.

Eleven teachers from six schools in six communities indicated interest in participating in the
project. An information letter and a consent to participate form were sent to the principals of the
six schools. After University Human Research Ethics approval (#17-477), principal consent, and
school district approval were received, a presentation about the study (i.e., objectives, participation
dates, and evaluation guidelines) was conducted with the participating teachers’ PHE classes, and an
information package including consent forms asking for their and their parents’ consent to participate
in the research component (measurement) was handed out to each student. The schedule for nutrition
education sessions was coordinated directly with each teacher.

Sixteen classes with a total of 334 students received the two 45 min nutrition education sessions.
Each school participated with either 2 or 4 classes taking part. Half of the classes in each school were
randomly assigned to the usual practice control condition (n = 8) and half to intervention conditions
(n = 8). The consort study flow diagram (see Figure 2) shows that 214 students consented, 110 were in
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the intervention condition and 104 in the control group. All students that were present received the
nutrition education as part of their physical education curriculum; however, only questionnaire data
from the students that consented and participated in the baseline measure were analyzed. All control
class students received the intervention after measurement was completed.

 

n

n

n n

n n

n

Figure 2. Flow of participants throughout the study.

The primary purpose of the nutrition education sessions was to enhance sugar literacy (knowledge,
awareness, skills and intention to change) among youth. The sessions included an experiential learning
component according to Michie’s behavior change model (COM-B; [31]) to increase knowledge and
understanding around sugar content in food and beverages and the daily amount of added sugar
in a healthy diet placed into the context of Canada’s Food Guidelines to promote healthy eating
and lower consumption of added sugar. The sessions also included a component to help students
develop the necessary skills to interpret nutrition fact labels in packaged products and design healthy
eating patterns.

Each nutrition education session took place during PHE class time (45–65 min depending on the
school schedule) and was held either in a room with large tables or on the gym floor so students could
have enough space to work with the food models. Participants were provided with 2 didactic lectures
plus experiential learning activities. For the experiential learning activities, participants were teamed
in groups of 3 or 4, and each team was given a kit with more than 150 life-sized food and beverage
models, 100 models of sugar teaspoons, and colored copies of seven nutrition fact labels of commercial
foods and beverage packages. NutriKitUSA and Sip Smart BC life-sized two-dimensional food and
beverage models with nutrition information including added sugar on the back were used (see the
example in Appendix A). The food models in the kit included servings of fruits, vegetables, grain
products, milk products, protein-rich foods, and beverages. For understanding added sugar content in
packaged foods and beverages, seven additional nutrition fact labels of sugar-containing foods and
beverages were analyzed.

The schedule and intervention curriculum content are described in detail in the following section.
Session 1:

Lecture: A brief educational lecture focused on overall diet and diet quality, which includes:

• Canada’s Food Guide and the number of recommended daily servings from each food group for
the age of participants;

• Limiting consumption of added sugar as part of a healthy lifestyle;
• The use of two-dimensional food models.

Experiential learning activities: food models were used to:
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• Visualizing an everyday personal diet (students used the models to represent their previous day’s
diet);

• Designing a daily menu according to Canada’s Food Guide Servings (students were asked to use
the food models to create a healthy daily diet according to food guide servings)

• Setting goals on how to modify the personal diet to consume the number of servings suggested by
Canada’s Food Guide

Session 2:
Lecture: A brief educational lecture focused solely on sugar content in food and beverages,

including the following:

• World Health Organization recommendations/guidelines for consumption of sugars;
• How to read and interpret ingredients lists on packaged foods and beverages, specifically, the

added sugar content in Nutrition Fact tables.

Experiential learning activities: use of two-dimensional food models (including models of
teaspoons of sugar) to help students (see Figure 3):

• Visualizing the amount of added sugar in food and beverages by expressing the content of sugar
in teaspoons of sugar;

• Identifying added sugar information in packaged food (real food labels were provided) and
converting added sugar content to teaspoons of sugar;

• Analyzing an example of an adolescent diet (supplied by the researcher) and determining the
teaspoons of added sugar included in that diet. Make recommendations on how to reduce
total added sugar and incorporate the right amount of servings from each Food Group for that
particular diet.

 

Figure 3. Pictures of interactive activity with two-dimensional food models.

The following section describes research procedures, measurement instruments and data analysis.

2.1. Procedures

After randomization, visits to each class were scheduled. All students had the benefit of the
nutrition education lessons; however, intervention groups had the lessons between baseline and
follow-up measures and the control group received them after the follow-up measure (see Figure 2).
Measures and nutrition education lessons took place April–May 2018. Due to the pragmatic constraints,
baseline measures were implemented just prior to the first education session and follow-up measures
immediately after session 2. Control condition students completed the baseline measure on the same
day as the intervention students but did not receive the two sessions. They received the first session
immediately after the follow-up measure, and then a second session was scheduled.
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2.2. Measurement Instrument

The 20 item survey instrument (completed at both baseline and follow-up) was composed of
modified questions extracted purposively from two validated questionnaires: the Canadian Behavior,
Attitude, and Nutrition Knowledge Survey [32] and the Intentions to Eat Low-Glycemic Index Foods
questionnaire [33] and is described following (see the instrument in Appendix B):

Demographics: The age, gender, and grade of the participants were asked. Each participant was
assigned a code to protect the confidentiality of their data.

2.3. Experimental Variables

Knowledge of daily portions: the questions were open-ended and asked the student to approximate
the number of daily food group servings according to Canada’s Food Guide for their particular age
and gender.

Knowledge of the maximum amount of added sugar consumption: this item was open-ended
and asked the maximum number of teaspoons of added sugar that an average person (14 years and
up) could eat each day to maintain a healthy diet.

Knowledge of added sugar content in food and beverages: four questions for sugar content in
different foods and two for different beverages were included.

Self-efficacy: Five items with a 7 point Likert scale were included. Scale reliability analysis showed
the self-efficacy measure was internally consistent (Cronbach’s Alpha = 0.74). The five questions were
summed together to produce an overall score ranging from 5 to 35 representing their belief in their
ability to eat/drink fewer foods and beverages with added sugar.

Intention to eat/drink foods and beverages with less added sugar: Three items that had a 7 point
Likert scale with the response format “Strongly disagree to Strongly agree” were included. Cronbach’s
alpha for this subscale was 0.839. Items were summed together to produce an overall score. A higher
score represented a higher intention to eat/drink fewer foods and beverages with added sugar in the
following two weeks.

The frequency of limiting foods high in sugar: a 7 point Likert scale question (from rarely to
always) about how often foods high in sugar were limited when making food choices was used.

Nutrition fact label reading confidence. Two 7 point Likert scale questions were used. In the first
question, students were asked if, when reading nutrition facts labels, they would look for information
about sugar and on the second question, if they were confident that they could interpret that information.

2.4. Data Analysis

Data analysis was conducted using SPSS (IBM Corp. Released 2016, Version 24, Armonk, NY, USA).
Data were screened for completeness, missing data, and normality. One outlier was eliminated, four
outliers in the knowledge variables for the control group were not removed because they were possible
values. Twenty-four participants in the control group and 13 in the intervention group completed
the baseline measure but were not present for the second measure. Intention-to-treat protocols for
missing and absent data were used and the baseline value carried forward. Descriptive statistics
(means, SD) were calculated and one-way analysis of variance (ANOVA) was used to determine if
there were differences between groups at baseline. A regression analysis determined if there was
a relationship between baseline demographic variables, including age and sex and the dependent
variables. A repeated measures ANOVA determined if the groups differed over time and by condition.
An apriori statistical cut-off point based on an alpha level of 0.05 was used for significance.

3. Results

3.1. Baseline

Participant characteristics are displayed in detail in Table 1. As noted in Table 1, almost
three-quarters of the participants were female. The majority of students in the control group were
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grade 9 or 10, and for the intervention group, grade 10 or 11 and, thus, the average age of students in
the control group was approximately 1 year younger than those in the intervention.

One-way ANOVA scores showed that there was a significant difference in age, sex, and grade by
group at baseline. Regression analysis showed, however, that there was no correlation between age
(grade) and sex, with the dependent variables at baseline and after the intervention. The percent of
variance (R squared) explained in the dependent variables by age (grade) and sex was always below
30% (R2 < 0.3). See Appendix C for regression analysis results.

Table 1. Characteristics of participants at baseline.

Characteristic
Total (n = 203) Control (n = 101) Intervention (n = 102)

F (df) p
Mean
(SD)

%
Mean
(SD)

% Mean (SD) %

Age (years) 15.9 (1) 15.4 (0.7) 16.4 (1.0) 70.34 (201) 0.00

Gender 16.29 (201) 0.00
Female 74.3 62.5 86.3
Male 25.7 37.5 13.7

Grade 10.0 (0.9) 9.5 (0.6) 0.6 10.4 (0.9) 72.72 (201) 0.00
9 31.1 51.0 10.8
10 49.0 47.1 51.0
11 12.1 24.5
12 7.8 1.9 13.7

Knowledge (correct answers)
Daily portions of Food Groups 18.3 23.0
Suggested maximum amount of added sugar 11.0 2.0
Added sugar content in food and beverage 14.8 18.5

Total Knowledge 15.7 18.6 2.92 (201) 0.09

Self-efficacy (5—35 a) 23.9 (5.8) 23.17
(5.1) 24.7 (6.3) 2.58 (201) 0.11

Intention to consume less added sugar (3—21 b) 14.4 (4.4) 13.9 (4.6) 14.9 (4.1) 3.70 (201) 0.06

Ability to interpret sugar content in food labels (1—7 c) 4.8 (1.5) 4.9 (1.6) 4.6 (1.4) 1.81 (201) 0.18

Frequency of limiting foods high in added sugar (1—7 c) 4.1 (1.5) 4.1 (1.6) 4.1 (1.4) 0.02 (201) 0.89

Frequency of added sugar being read in food labels (1—7 c) 4.5 (1.9) 4.6 (1.9) 4.5 (1.8) 0.13 (201) 0.72

Note. SD = Standard deviation; F = F value; df = degrees of freedom; p = probability value. a Sum of five 7 point
Likert scale questions. b Sum of three 7 point Likert scale question. c 7 point Likert scale

Baseline means and standard deviations for the dependent variables are also shown in Table 1.
This table shows that knowledge was low and that this did not differ by group. No difference was
found between groups at baseline for self-efficacy, intention to consume less added sugar, ability to
interpret sugar content in food labels, frequency of limiting foods high in added sugar, and frequency
of added sugar being read in food labels.

3.2. Follow-Up

Means and main effect for time by condition are reported in Table 2 and summarized in
the following section. An intervention effect was found for all knowledge variables across time.
The intervention condition had a significantly higher score in their knowledge about daily food group
portions, the maximum daily recommended amount of added sugar that should be consumed, and the
added sugar content in foods and beverages at follow-up compared to controls. Eighty percent of the
intervention group correctly answered the maximum recommended amount of added sugar that can
be present in a healthy diet compared to 10% of the control group. The intervention group correctly
answered 60% of the daily food group portion questions compared to 20% of correct answers for the
control group at follow-up. Knowledge about sugar content in foods and beverages increased from
18% to 48% correct answers for the intervention group and was significantly different than the correct
responses in the follow-up measure for control group. Effect sizes ranged were large in all knowledge
dependent variables.

Intention to consume less food and beverages with added sugar and the ability to interpret sugar
content in food labels differed significantly over time as well, with intentions to consume less added
sugar increasing in the intervention condition. Effect sizes were respectively small and intermediate
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(η2 = 0.02, η2 = 0.07) however. There were no significant differences among groups over time in
student’s beliefs in their ability to limit added sugar (self-efficacy) nor in the frequency with which
they reported limiting food that contained sugar or read the added sugar on food labels.

Table 2. Means and repeated measures ANOVA for change pre–post intervention in knowledge,
self-efficacy, intentions, ability to read and interpret food labels, and frequency of limiting food with
added sugar.

Dependent Variable
Control (n = 101) Intervention. (n = 102)

F (df) p η2
Mean (SD) % (SD) Mean (SD) % (SD)

Knowledge (correct answers)
Daily portions of Food Groups

Baseline 18.3 (20.0) 23.0 (22.2) 59.84 (201) 0.00 0.23
Follow-up 21.0 (19.3) 59.3 (32.6)

Suggested maximum amount of added sugar
Baseline 11.0 (31.3) 2.0 (13.9) 138.14 (201) 0.00 0.41
Follow-up 14.0 (34.7) 75.0 (43.2)

Added sugar content in food and beverage
Baseline 14.8 (14.3) 18.5 (16.4) 64.68 (201) 0.00 0.24
Follow-up 17.7 (18.2) 47.7 (26.2)

Total knowledge
Baseline 15.7 (11.4) 18.6 (11.7) 104.84 (201) 0.00 0.34
Follow-up 20.1 (18.3) 54.5 (22.4)

Self-efficacy (5—35 a)
Baseline 23.2 (5.1) 24.7 (6.3) 0.49 (201) 0.49 0.00
Follow-up 23.8 (5.8) 25.5 (6.0)

Intention to consume less added sugar (3—21 b)
Baseline 13.9 (4.6) 14.9 (4.1) 4.93 (201) 0.03 0.02
Follow-up 13.3 (4.6) 15.3 (4.1)

Ability to interpret sugar content in food labels (1—7 c)
Baseline 4.9 (1.6) 4.6 (1.4) 14.94 (200) 0.00 0.07
Follow-up 4.6 (1.7) 5.3 (1.8)

Frequency of limiting foods high in added sugar (1—7 c)
Baseline 4.1 (1.6) 4.1 (1.4) 0.19 (201) 0.67 0.00
Follow-up 4.3 (1.7) 4.3 (1.6)

Frequency of added sugar being read in food labels (1—7 c)
Baseline 4.6 (1.9) 4.5 (1.8) 3.42 (201) 0.07 0.02
Follow-up 4.5 (1.9) 4.8 (1.6)

Note. SD = Standard deviation; F = F value; df = degrees of freedom; p = probability value; η2 = partial eta
squared; a Sum of five 7 point Likert scale questions. b Sum of three 7 point Likert scale question. c 7 point Likert
scale question.

4. Discussion

With the importance of preventing obesity and enhancing dietary quality during adolescence
highlighted in the literature, addressing the adolescent consumption of added sugars is critical.
This study addressed a gap in the evidence-based literature by targeting adolescents rather than
children and addressing sugar literacy across the spectrum of foods consumed rather than just through
sugary drinks. Additionally, it tested a brief nutrition intervention delivered in high school Physical
and Health Education classes using food models to provide an experiential learning component.
Finally, it incorporated two-dimensional food models which are potentially more feasible to adopt in
school-based health promotion efforts.

This study showed that a two 45 min brief nutrition education intervention using food models
significantly improved adolescents’ food and sugar literacy. Specifically, the intervention enhanced
knowledge of added sugar content in foods and beverages, the maximum amount of added sugar in
a healthy diet, food group servings in a healthy diet, and it also increased the ability of adolescents
to interpret sugar content in food labels and increased their intention to reduce the consumption of
added sugar. Not surprisingly given the post measurement was conducted immediately after the
second lesson, the reported frequency of limiting foods with added sugar and reading labels was not
significant. These results are discussed in the context of the following literature.
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Knowledge has been recognized as an essential component in behavioral change theories of
health promotion [34]. Adolescents’ knowledge about added sugar content in food and about
recommendations related to the maximum amount of sugar in a healthy diet was low at baseline for all
participants, but it increased significantly following the intervention. This is consistent with a previous
study that showed that two interactive classroom sessions about sugar given to 10–12 year-old children
significantly improved their knowledge of sugar in food and beverages [19]. Further research is needed
to evaluate if this knowledge was sustained over time.

This study also examined if adolescents knew the number of servings of each of the food groups
that should be present in a healthy diet at their age and if that knowledge changed with the intervention.
Even though the study focused on sugar literacy, education about food guidelines was included to
ensure students understood healthy eating patterns, how to analyze their own diet, and could place
sugar consumption within the context of the overall picture of healthy eating. Adolescents had poor
knowledge about servings at baseline, but that knowledge significantly increased with the education
sessions; although remaining less than ideal. They used this knowledge to create and visualize a
healthy diet utilizing the food models and compared it to their everyday diet. The instrument, however,
tested only their knowledge and not their actual ability to use that knowledge to implement a healthy
diet. Further studies using eating behavior measurement tools like Food Frequency Questionnaires
should test if this type of experiential learning intervention has a short- or long-term impact on the diet.

Having the skills or ability to act is an essential component of food literacy, in this case, sugar
literacy. The intervention helped adolescents interpret sugar content in food labels. Nutrition courses
including label reading have been given to college students with similar results [35]. Tallant’s [35]
study also reported that being able to understand food labels influenced students’ decisions to include
healthier foods in their diet. Once again, further studies are needed to evaluate whether or not over
time the ability to interpret labels is sustained and if less added sugar is consumed.

This study evaluated if the nutrition education lessons had an effect on intentions to reduce the
consumption of added sugar. The intervention group had a higher intention to reduce the amount
of added sugar consumed after intervention, but the effect size was minimal. It may be that a brief
intervention is less effective for shifting intentions.

Self-efficacy, as the confidence in one’s personal ability to eat/drink less added sugar, was tested but
did not change after the intervention. No change was expected after intervention since the follow-up
measure was completed immediately after the second nutrition education session. Success is a key
component of self-efficacy [36] and they had no opportunity to “apply’” their skills in real-life. Further
studies that examine self-efficacy over time are needed.

As suggested by Michie [13], incorporating educational and training techniques did affect
knowledge about sugar and increased the skills to interpret sugar content in food, beverages, and food
labels. This theoretically influences the capacity (capability) of the students to engage in changing sugar
eating behaviors by reducing the amount of added or free sugar consumed. In keeping with the concept
of opportunity in Michie’s model, these changes in adolescent sugar consumption could be enhanced by
implementing policies to reduce the consumption of foods and beverages high in sugar [37]. Examples
of policies suggested by the American Academy of Pediatrics to reduce consumption of SSBs, but that
might also be able to be applied to other foods high in sugar as well, are taxes to increase the price of
these products and the use of part of the tax revenues to reduce health and socioeconomic disparities,
and decreasing marketing to adolescents about products high in added sugar and making healthy low
added sugar beverages and foods the default in vending machines, parks, and restaurants [37].

Based on the experience gained in this study, a brief intervention had an impact on important
food and sugar literacy variables. Given that session 1 addressed broader food education, an even
briefer intervention of one sugar literacy lesson using food models and their impact on awareness
of sugar content and sugar consumption in adolescents should be tested. This is consistent with the
conclusions of a systematic review on brief nutrition interventions conducted in 2018 that proved that
brief interventions can be sufficient to improve short-term dietary behavior [38].
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Limitations

The results of the study should be viewed in the context of the limitations. Validated questionnaire
items were adapted and not re-validated. We did re-establish scale reliabilities where more than one
item contributed to a sub-scale. We randomized by class not individual student and did not adjust
for class as a cluster. We accommodated for school as a cluster by having both an intervention and
control class in the same school. This opened the study up to the potential for contamination and
a manipulation check question was not included. Finally, due to the pragmatic constraints, actual
behavior was not measured. The follow-up measurement was administered immediately after the
second nutrition education session, which did not give the participants an opportunity to implement
what they learned.

5. Conclusions

A brief sugar nutrition education intervention delivered in school Physical and Health Education
classes appeared efficacious for increasing sugar literacy among adolescents. Knowledge around the
number of portions and sugar content in food and beverages as well as the maximum amount of added
sugar in a healthy diet was low in adolescents but increased significantly after just two 45 min nutrition
sessions, as did their label reading confidence and intention to consume less added sugar. Increasing
sugar literacy in adolescents is important in the context of escalating obesity rates and health issues
related to poor diet and evidence that eating behaviors track across the lifespan and are influenced by
nutrition knowledge and food literacy.

Two-dimensional food models appear to have potential as a teaching tool for nutrition education
in the school environment as they offer visual and simulated hands-on experiences with food. They
also have an advantage in terms of cost, weight, and size (storability and variety of foods) when
compared to three-dimensional models but may be less durable.

Future work needs to look at the relationship between measures of sugar literacy and label reading
behaviors and actual sugar consumption. Also, studies on brief nutrition education interventions
using food models should involve a longer-term follow-up and more sensitive measurement tools.
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Appendix A Examples of Food Models Used

Figure A1. NutriKitUSA.

Figure A2. NutriKitUSA.

 

Figure A3. Sip Smart BC image.
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Appendix B Questionnaire.

 

About you:

Birthdate: Gender: Grade

Section 1 – YOUR KNOWLEDGE

If yes, what health problems?:

Figure A4. Page 1 Questionnaire.

 

Section 2 – ABOUT HOW YOU THINK

            Bad                                                                                                      Good         

            Bad                                                                                                        Good         

                     Rarely                                                                                                    Always     

No self-discipline                                                                                       Complete self-discipline       

  Not very confident                                                                                      Very confident     

Rarely                                                                                                    Always     
 

Figure A5. Page 2 Questionnaire.
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                    Difficult                                                                                                  Easy    

Strongly disagree                                                                                     Strongly agree 

Strongly disagree                                                                                     Strongly agree 

Strongly disagree                                                                                     Strongly agree 

     Very confident                                                                                      Not confident     

     Definitely  do                                                                                        definitely not do 

Strongly disagree                                                                                     Strongly agree 

Thank you

Figure A6. Page 3 Questionnaire.

Appendix C Regression Analysis Outcomes

Table A1. Correlation between age (grade) and sex, with the dependent variables at baseline and after
the intervention.

Dependent Variable
Age Sex

F p R2 F p R2

Total knowledge
Baseline 0.74 0.39 0.004 0.81 0.37 0.004
Follow-up 0.21 0.65 0.002 0.00 0.99 0.000

Self efficacy
Baseline 3.01 0.08 0.015 0.54 0.46 0.003
Follow-up 0.08 0.78 0.001 2.93 0.09 0.028

Intention to consume less added sugar
Baseline 2.19 0.14 0.011 9.65 0.00 0.041
Follow-up 3.08 0.08 0.030 0.70 0.40 0.007

Ability to interpret sugar content in food labels
Baseline 0.09 0.77 0.000 0.01 0.93 0.000
Follow-up 0.35 0.55 0.004 0.17 0.68 0.002

Frequency of limiting foods high in added sugar
Baseline 0.04 0.85 0.000 1.70 0.19 0.008
Follow-up 0.51 0.48 0.005 0.04 0.84 0.000

Frequency of added sugar being read in food labels
Baseline 0.13 0.72 0.001 5.27 0.02 0.021
Follow-up 0.59 0.44 0.006 1.52 0.22 0.015
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Abstract: In the transition from high school to university, vegetable consumption tends to deteriorate,
potentially influencing immediate and longer-term health outcomes. Nudges, manipulation
of the environment to influence choice, have emerged as important to behavior change goals.
This quasi-experimental pilot study examined the impact of a contextually feasible evidence-informed
nudge intervention on food purchasing behavior of older adolescents (1st year students) in a university
residence cafeteria in British Columbia, Canada. A co-design process with students and staff identified
a student relevant and operationally feasible nudge intervention; a placement nudge, fresh vegetables
at the hot food table, combined with a sensory and cognitive nudge, signage encouraging vegetable
purchase). Using a 12-week single-case A-B-A-B design, observations of the proportion of vegetables
purchased were used to assess intervention efficacy. Data analysis included visual trend inspection,
central tendency measures, data overlap, variability and latency. Visual trend inspection showed a
positive trend when nudges were in place, which was more apparent with female purchases and
during the first intervention (B) phase. However, further analysis showed lack of baseline stability,
high variability across phases and overlapping data, limiting efficacy conclusions. Menu choices,
staff encouragement, term timing and student finances are other potential influences. Further ‘real
world’ nudge research is needed.

Keywords: nudge; choice architecture; vegetable; food; university; students; adolescents; cafeteria

1. Introduction

Vegetables are one of the most important foods we consume as humans due to their nutrient
density and fiber, as well as their low energy contribution to the diet. Low consumption levels
are linked to poorer health outcomes, including obesity and the development of diseases, such as
cardiovascular disease, diabetes and some cancers [1]. The consumption of vegetables can also promote
satiety and reduce the risk of obesity, which is a growing concern globally and specifically affects the
target population of this study—older adolescents (17–19) in their first year of university, who have
documented weight gain [2]. The consumption of vegetables is low in adolescence and tends to
deteriorate even more during the transition from adolescence to young adulthood [3]. It has also been
found that unhealthy eating habits and weight gain established in youth tend to be maintained during
aging [4,5]. This worldwide scenario highlights the importance of developing strategies to increase
vegetable consumption in this population and attempt to slow the global obesity epidemic.
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Food decisions are made many times throughout the day and are shaped by many factors.
The intention to eat well may be modulated by convenience, availability, taste or mood. Environmental
interventions that influence these daily food decisions have gained importance as they have been
shown to positively shape dietary behaviors [6]. Nudge theory or choice architecture has been gaining
momentum in public health to subtly guide an individual’s decisions without denying them autonomy
of choice or significantly changing their economic incentives [7]. Nudges have been categorized and
shown to be effective with a variety of populations through systematic review and meta-analyses [8–11].
However, there are not many studies targeting adolescents and evidence of their effectiveness in terms
of vegetable intake in the school setting has been labelled as both weak and inconclusive [12].

One categorization scheme emerging from a recent meta-analysis identified three nudge
classifications: cognitive/educational, hedonistic/sensory and placement/behavior and found that
effect size increased from cognitive to placement/ behavior nudges [9]. An example of a cognitive or
educational nudge is the display of nutrition facts at point-of-sale or messaging about the importance
of eating vegetables or drinking fewer sugary beverages. A recent Toronto, Canada study found that
using physical activity caloric equivalents (PACE) was a more unique and eye-catching way to raise
awareness about sugar content in beverages [13].

A sensory nudge might involve descriptive naming of dishes to make them more appealing,
for example “farm to table bar” as compared to “salad bar”. This has been tested with adolescents
where a cross-country European study targeted adolescents using a sensory nudge (vegetable-forward
entrée as the “dish of the day”) and found that the “dish of the day” label did not have a significant
effect on vegetable selection compared to the control groups (meat-forward or fish selection) [14,15].
Further, the Danish research group involved in the study did secondary analyses and found that
self-reported social norms (e.g., friends and family that were high vegetable consumers) and attitudes
had a positive association with choosing the vegetable-forward entrée. In addition, males were much
less likely to choose the vegetable-forward dish than females [14].

Finally, a placement or behavior nudge might modify the listing of dishes on a menu to place
healthier choices more prominently, or make the healthier choice the default (e.g., side salad not
french fries). A placement study conducted with university-aged males in a laboratory setting placed
vegetables at the beginning of a buffet versus the end and measured the quantity of vegetables on the
plate; finding a significant increase in vegetable selection after exposure to the nudge [16].

Although there are many nudge interventions that show effectiveness, overall there is still a
growing need for more real-life studies of scalable nudging strategies targeting adolescents and their
food choices. In that context, this pilot study arose with the purpose of implementing a contextually
feasible nudge intervention in the University of Victoria’s residence cafeteria to evaluate its impact
on vegetable purchases by first-year students (typically aged 17–19 years). A secondary aim was to
explore whether this appeared to vary based on the sex of the participant. The hypothesis was that a
placement, cognitive and sensory nudge intervention would increase the purchase of vegetables by
this population of young adults and this may be more salient among females. UVIC Human Research
Ethics Board approved the study (Protocol Number 15-445).

2. Materials and Methods

2.1. Formative Research and Co-Design Process

Prior to the intervention, along with a review of the literature, formative research was conducted
that involved surveying students and conducting focus groups with food services staff to help inform
which nudges to trial in this real-life setting with this target audience. This has been referred to in the
literature as co-design, allowing for better translation of evidence to practice and resulting in a more
successful implementation [17,18]. The web-based student survey asked about their demographics,
their daily consumption of vegetables and fruit, and what affects their decision to purchase vegetables.
Three hundred and forty adolescent (average age 18) undergraduate students responded to the survey.
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On average, the adolescents reported consuming 4.6 servings of vegetables and fruit daily (excluding
potatoes), approximately half of the recommended amount for their age group. The six reasons most
commonly identified for choosing vegetables were (in order of most to least common) healthiness,
freshness/appearance, taste/preference, cost, cooking method and convenience (see Table 1). These are
similar to other studies with university students [19]. A variety of nudges from the literature that
represented the study survey data were presented to food services staff in focus groups to determine
which efficacious nudges were feasible for implementation within the operation, and yet addressed
what was relevant to the adolescents as per the survey results. Each staffmember had three votes to
rank their top choices.

Table 1. Qualitative summary of the main drivers of vegetable purchase by adolescents.

Top Reasons
% of Students Citing the

Reason as Important
Main Themes

Healthiness 36% Healthy; vitamins; nutrients; feel good; good for you
Freshness 11% Freshness; look fresh

Taste 10% Taste; personal preference
Cost 9% Cost; price

Cooking method 5% Steamed vs fried; cooked; frozen; raw; added sauce
Convenience 4% Quick; time; easy access

Table 2 shows the rankings given by staff on the feasibility of nudges. This data was presented
back to the management team, including the dietitian. The co-design of the intervention was thus
created jointly by the research team and food services, and the types of nudges were agreed upon by
both groups.

Table 2. Ranking of nudge feasibility by the staff focus group (n = 8).

Nudge Votes

Vegetables as default 8
Convenience ‘to go’ 7

Increased choice 6
Veg 1st on menu 3

Taste testing, fresh veg side 2
Enhance appearance 1

Color coded sign 0
Pathway 0

2.2. Research Design and Sampling

This pilot study utilized a quasi-experimental single case A-B-A-B comparison design. In order to
measure the efficacy of the intervention, data was collected for two periods at baseline (A), the first one
described the current level of vegetables purchased and the second described whether the behavior
continued without the intervention or returned to baseline. The four phases were conducted during
the fall term of 2016 over a 10-week period, eliminating both the first few weeks of term when students
were adjusting, and the end of term, just prior to the exam period, when cafeteria use changes. Each
baseline period lasted two weeks and each intervention phase was three weeks in length. See Table 3
for sample sizes.
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Table 3. Number of data points and number of hot table purchases by sex and phase.

Baseline 1 Intervention 1 Baseline 2 Intervention 2

Data points per phase n = 10 n = 13 n = 12 n = 15
Hot Table Purchases n n n n

Females 2037 2566 2476 3063
Males 3061 3607 3278 4322

Overall 5098 6173 5754 7385

2.3. Setting

The study was conducted in the main residence cafeteria that serves mostly older adolescent
students, on meal plans, who are either first-year or student staff (residence advisors). The cafeteria
is not exclusive to this population, so adults that appeared visibly older than the target population
of undergraduate students were excluded from the observations. The focus of the nudge was at the
“hot table” or “steam line” at lunch and dinner where two choices of entrées are served along with
2–3 choices of side dishes, such as grains, other starches and hot vegetables. An example of an entrée
would be lasagna or chicken breasts with mushroom sauce, grain or starches would be items, such as
rice, potatoes or noodles depending on the main course, and side dish vegetables could be items such
as steamed carrots, pea pods or broccoli. Students make their decisions a la carte and their purchases
are charged to their student card in a declining balance.

2.4. Intervention

The nudges chosen were placement nudges that involved altering the properties of the vegetables to
enhance freshness and appearance. This was implemented by adding an option of fresh, raw vegetables
to the existing cooked vegetable option, in combination with an environmental cue (sensory and
cognitive) in the form of a small poster displayed at eye level, which highlighted the addition of the
fresh vegetable option with a colorful character and message about its health benefits (See Table 4 and
Figure 1).

 
Figure 1. Display of sensory and cognitive nudges and hot table placement of fresh vegetables.
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Table 4. Nudge interventions by category.

Nudge Categorizations Study Interventions

Placement Nudge Adding raw vegetables on the hot line, not just at the salad bar,
making them easier to choose with an entrée.

Hedonistic/Sensory Adding colourful, fresh vegetable option alongside cooked;
colourful poster (see supplementary Figure S1).

Cognitive/Educational Poster with messaging about vegetable benefits (see supplementary
Tables S1–S3).

2.5. Data Collection

The primary measure was the count of students observed purchasing either one of the vegetable
side options (raw or cooked) compared to the total count of students that purchased from the hot table.
To address the secondary aim, the counts were recorded by sex (male or female). To provide context
for the analysis, prior to each observation period the researcher also recorded all of the foods being
served at the hot table and whether they were observing a lunch or dinner. The observations took
place during both lunch and dinner for a period of 2 h each from a junction area of about 2.5 m distance
with good visibility of the hot table and serving activities. The primary researcher recorded 80% of
the observations, with trained assistants supporting the remaining observation periods. To avoid
inconsistency, research assistants were provided with a 2-h orientation by the primary researcher on
how to observe and track purchases.

2.6. Data Analysis

All visual and statistical analyses were made using IBM SPSS V.23® (IBM Corp, Armonk, NY,
USA) and Microsoft Excel 2016® software (Redmond, WA, USA). To avoid overestimation of vegetable
purchases based on cafeteria attendance, the proportion of vegetables purchased was calculated for
each meal daily and then plotted in Excel, both for the overall sample and for females and males
separately. Visual inspection is an accepted data analysis technique in single-case multiple baseline
designs [20]. Steps in visual inspection as outlined in Kazdin [20] included: superimposing a line
representing means for the phases on plots of the daily proportions and examining them visually;
and calculating trend lines for each phase and superimposing them onto the data plots to allow for
trend analysis where the researcher has looked for changes in the direction or slope of a trend in
tandem with the change in study phase (e.g., from A to B).

Additional statistical analyses were conducted to examine mean differences between phases and
trends, although, due to ascending and descending trends, these analyses had limitations. The Wilcoxon
signed-ranks test was used to determine if the rank of proportions differed significantly across the
phases. Descriptive statistics were also generated to allow assessment of variability (which can also be
seen visually), latency and overlap between phases. Non-overlapping data refers to points during the
baseline that do not reach some or any of the points during the intervention phase [20]. We used above
50%, and ideally >70%, non-overlap as the guideline for concluding efficacy [21].

3. Results

Visual inspection of the means used to assess the potential efficacy of the nudge interventions (B1,
B2) showed neither intervention had an effect on the mean proportion of vegetables purchased between
phases for the overall sample or for females or males analyzed separately. However, with ascending
and descending trends, this was not unexpected. The results of the trend analysis are represented in
Figures 2–4. During the first intervention (B1), there were visible changes in the direction of trend lines
compared to baseline (A1) and withdrawal (A2) for both the overall sample and for females and males
separately. During the second intervention (B2), the visible differences in trend direction and slope A-B
phases were not substantive and control over the outcome variable was not fully demonstrated visually.
Further analysis using the Wilcoxon signed-rank test showed that the interventions did not elicit a
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statistically significant change (see Table 5) in the ranking of the proportion of vegetables purchased
from baseline to intervention to withdrawal in either the B1 or B2 phases, and effect sizes were small.

Figure 2. Proportion of vegetables purchased and trend lines across all periods for the overall sample
in the university cafeteria.

 

Figure 3. Proportion of vegetables purchased and trend lines across all periods for the female young
adults in the university cafeteria.
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Figure 4. Proportion of vegetables purchased and trend lines across all periods for the male young
adults in the university cafeteria.

Table 5. Analysis of the Wilcoxon signed-rank test across three phases with means.

Condition

A1–B1
Means (SD)
Statistic, p

Effect Size *

B1–A2
Means (SD)
Statistic, p

Effect Size *

A2–B2
Means (SD)
Statistic, p

Effect Size *

Overall

X1 = 25.81 (3.38)
X2 = 26.51 (4.17)

Z = −0.459, p = 0.646
D = 0.192

X2 = 26.51 (4.17)
X3 = 26.28 (2.63)

Z = −0.561, p = 0.575
D = 0.226

X3 = 26.28 (2.63)
X4 = 26.13 (3.77)

Z = −0.051, p = 0.959
D = 0.02

Female

X1 = 25.30 (3.78)
X2 = 28.05 (3.70)

Z = −0.968, p = 0.333
D = 0.412

X2 = 28.05 (3.70)
X3 = 25.33 (4.4)

Z = −0.746, p = 0.445
D = 0.302

X3 = 25.33 (4.4)
X4 = 26.65 (4.25)

Z = −0.051, p = 0.959
D = 0.02

Male

X1 = 26.24 (3.60)
X2 = 26.80 (4.02)

Z = −0.255, p = 0.799
D = 0.106

X2 = 26.80 (4.02)
X3 = 26.40 (2.81)

Z = −0.153, p = 0.878
r = 0.060

X3 = 26.40 (2.81)
X4 = 26.40 (3.68)

Z = −0.051, p = 0.959
r = 0.010

* Effect sizes estimated as Cohen’s D using https://www.psychometrica.de/effect_size.html [22].

To be considered effective, the percentage of non-overlapping data (PND) must be >50, and ideally
>70% [21], and that did not occur in this study. Overall, between the first baseline and intervention
phase, the PND was 7.7%, 0% for the re-baseline, and 0% for the re-intervention (all data overlapped).
For males only, the first baseline and intervention phase had 0% non-overlapping data. For both
males and females, the period between re-baseline and re-intervention had 13.33% PND, and the
most substantive amount of non-overlapping data was during the first baseline-intervention phase for
females only; equaling 30% PND.

4. Discussion

We set out to test the efficacy of contextually relevant nudges targeting older adolescents in their
first year of university by conducting a quasi-experiment A-B-A-B design trial in a natural setting:
a university residence cafeteria. The evidence-based nudges were selected based on student needs
and staff feasibility assessments and were thus potentially more scalable into a ‘real world’ setting if
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found efficacious. Currently, there is a need for evidence on the impact of nudge strategies on older
adolescents, as well as those that have put been put into real world practice and evaluated.

Although visual inspection showed changes in the direction of trends with each presentation
and with removal of the intervention, this pattern appeared to weaken over time. Visual inspection
also showed high variability in the data, which was confirmed by descriptive measures of variability
(standard deviation and range) and by an analysis of overlapping data challenging the strength of
conclusions possible from the visual inspection. Although this was also supported by non-significant
findings from the Wilcoxon signed-rank tests, the effect sizes were commensurate with the literature [9]
and more substantive for females. Combining the multiple analyses conducted in this study failed
to definitively support the presence of an intervention effect for the combined placement, cognitive
and sensory nudges. These results, although counter to the hypothesis, may be the result of
methodological (sample size) and practical limitations, but are also not out of step with other nudge
studies, many of which have not shown efficacy [15,23–25]. The findings are discussed in the context
of the literature below.

Despite student survey results showing that they chose vegetables for health reasons, we know
that the university cafeteria and overall food environment decreases students’ intention to make
healthy food choices due to the plethora of less healthy foods they must navigate through at every
meal opportunity [23]. A couple of research teams have surveyed students and found that health was
reported as a primary consideration when choosing foods [19,23], but Bevet and colleagues found that
a placement nudge intervention adding vegetable-rich entrées and a healthy snack bar could not steer
students away from chicken nuggets [23].

Friis et al. (2017) tested the effects of three nudges, cognitive, placement and perceived nudges,
on university-aged students in a lab setting buffet dinner. Only the ‘healthy default’ placement nudge
(salad in 200 g jars versus the salad tray in the buffet) resulted in an increase in vegetable intake.
The cognitive nudge (benefiting the environment) and perceived variety (different display of salad on
the buffet) promoted a reduction in caloric intake but further examination showed that this was due to
a lower intake of red meat with no increase in vegetable consumption [24].

A previous study that tested nudges with European adolescents showed that a salience nudge was
not effective and highlighted the importance of other psychosocial factors, such as social norms, sex and
attitudes [14]. A systematic review of interventions targeted at university-aged students showed
a broader set of behavior change techniques that were effective, including nutrition education and
enhanced self-regulation, as well as point-of-choice messaging (which can be classified as a cognitive
or salience nudge) were effective options [26]. Sunstein (2017) discussed the reasons that nudges fail,
one being strong antecedent preferences of the target [27].

A non-randomized intervention conducted by Broers and colleagues (2019) showed that cues
increased selections from the hot vegetable buffet in a university cafeteria, but increasing the accessibility
of pre-biotic vegetables and cues (tray liners promoting prebiotic vegetables) decreased the chances of
students picking the target vegetable [28]. The variability in findings from previous nudge studies has
been demonstrated in systematic reviews [9–11].

Novel attempts to educate consumers at the point of selection may be needed, rather than straight
calorie labeling or cognitive messaging identifying foods as ‘healthy’. Scourboutakos et al. (2017) stated
that young people want more shocking educational messaging. They found an effect in their real-life
university cafeteria study that used physical activity caloric equivalents (e.g., minutes exercising to
burn the calories from the beverages) labeling to reduce sugary beverage purchases, despite it being an
all-you-care-to-eat cafeteria where cost was not a factor in selection [13].

Strengths and Limitations

The study is one of the few nudge interventions applied in a real-world cafeteria setting and
targeting adolescents. Identifying the feasibility and efficacy of scalable nudges is important for
public health decision-making. The formative work to ensure the evidence-based nudges were
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contextually relevant to students and staff is a strength, as was the contextually relevant research
design, notwithstanding the limitations described below. Additionally, numerous analytical approaches
were adopted to ensure a transparent and fulsome analysis, and effect sizes commensurate with
previous literature [9] were identified. Conversely, there were many limitations, which is a result of
the real-life context and related research design. First, the single case A-B-A-B research design is a
quasi-experimental design and relies on a return to baseline or change in the direction or slope of a
trend after removal of the intervention, followed by a replication of the effect following re-presentation
of the intervention to demonstrate ‘control’ over the effect [20]. The trend weakened over time, bringing
into question whether there was an intervention effect. There appeared to be a replication of the
effect, but the trend weakened over time, challenging the conclusion that there was experimental
control. As discussed earlier there was high variability in the data (overlapping data was high) and
data stability is also a pre-requisite to demonstrating an effect in single case designs [20].

The research design did not include a comparison group, nor were adjustments for confounding
variables possible. The observation itself may have acted as a salience nudge. Furthermore, although
data was collected for 4 h/day across lunch and dinner for a full university term, and a large number of
meals were observed (>5000 meals per phase), it was a relatively small data set in the analysis with
only one data point per day (the proportion of vegetable servings per hot table purchases).

The study would have had to have approximately 100 data points per phase to detect the effect
sizes achieved between baseline and intervention phases if a parametric design was used. There were
only 186 days in the university year, and implementation over the entire period was pragmatically
impossible. The small to modest effect sizes between the first baseline and intervention and the
second baseline were comparable to typical nudge effect sizes reported by Cadario and Chandon in
2017 [9], suggesting that a more robust sample size may have increased the likelihood of seeing a
significant effect.

The intervention seemed to visibly lose efficacy over time, with minimal changes in trends in the
second phase compared to the first phase. The nudges may have lost their impact due to students’
familiarity with the addition of the fresh vegetables, lack of variety in the fresh vegetable offering
(observed by the research assistant) and/or elements related to the signage and vegetable tray placement.
For instance, the primary offering was raw carrot and celery sticks, which may be considered lower
value or ‘conventional’ vegetables. Sunstein named five reasons why nudges may fail, and having a
short-term effect was one of them, as well as strong antecedent preferences, perhaps including the
preferred type of vegetables [27]. The choice of raw vegetables was out of the control of the research
team and was determined by the affordability and ease of preparation by food service staff. In a future
intervention, using other fresh vegetables, may increase the selection of vegetables by students [28,29].

The signage or cognitive messaging used was also limited by time and cost of designing and
printing. Floor decals and large posters may have proved more effective and eye-catching. Naming
the vegetables (a greater sensory nudge) and the variety and placement of the nudges may also have
improved the effect [30].

Additionally, pragmatic considerations (e.g., distance from the steam unit) led cafeteria staff to
place the raw vegetable trays at the end of the food offerings rather than the beginning. This may have
influenced the results as previous research has shown that food positioning affects food choice [16,28].
Kongsbak et al. found that placement of vegetables in different bowls at the beginning of a buffet
significantly increased selection as compared to the vegetables served altogether in one bowl and
at the end of the buffet after the pasta and bread choices. This was conducted in a laboratory, not a
real-world setting, and only once, so the results may have varied if issues like price and habituation
were encountered, which likely occurred in this real-life study [16,27].

Other factors were elucidated by cafeteria staff anecdotally and included the financial situation of
students over the term. Budgetary concerns may have resulted in the purchase of similarly priced
highly satiating foods (e.g., fried potatoes, perogies) over less satiating vegetables [29]. Stressful events
such as exams, projects, and the end of the term may have also influenced the students’ choice for
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more ‘comforting’ foods [31]. Control over what else was available in the cafeteria (e.g., grill items,
french fries) also belonged solely to the food service staff and not the researchers. That said, nudges are
supposed to work without the limitation of choice to the consumer.

Another issue that developed in this setting was menu composition, which was out of the control
of the research team. Specifically, the menu composition was two entrées, usually animal proteins,
two starchy side dishes, one option of cooked vegetables, and during the intervention period, the raw
vegetables (crudités). Often the color of the entrée was similar to the vegetable offering (observation
by research staff). Also, each item was purchased a la carte at $6.95 for each entrée and $2 for each
option of side dishes and vegetables. Purchasing each item separately has been shown to decrease the
purchase of vegetables, while a combination of products with a fixed single price (such as an entrée
plus vegetable) increases the purchase of vegetables [32–34]. Finally, the perceived value assigned to
certain products may have been problematic. It is possible that students in this study perceived that $2
for a portion of vegetables was not good value and would rather spend their meal plan dollars on
other, more calorically-dense items (e.g., entrées, fries, drinks, desserts) [29].

Overall, there are many more unintended nudges occurring in a cafeteria than the one being
studied, for example the smell of fries, the colorful packaging of soda pop and the ordering and naming
of items on a menu. Although the co-design methodology did result in staff buy-in and successful
implementation, it did not prove successful in increasing adolescent student vegetable consumption
despite the engagement of the target audience and their needs via the student survey. Sunstein (2017)
cautioned that sometimes a “plausible (and abstractly correct) understanding about what drives human
behavior turns out to be wrong in a certain context”, p. 5 [27].

5. Conclusions

Co-design of interventions in real-life settings is related to better implementation, as interventions
typically reflect and/or are relevant for the context [17,18]. The impact of this intervention on older
adolescent vegetable purchasing remains in question but the effect sizes were promising. Thus future
research should incorporate innovative research designs and achieve power in such real world contexts.
Nudge researchers must also accommodate for other operational issues within the full cafeteria that
may over-power the effect of small nudges in constrained areas. More research is needed in this
field and specifically in this target population, where there is lower than recommended vegetable
consumption and documented weight gain. Nudges in real-life settings, rather than laboratories, need
to have more controls in place that also balance the operational needs of the food service establishment.
They may also need to be strengthened or speak to the ‘actual’ issues of the target population using more
salient cognitive messages, innovative use of social media and reflect current food trends. Interventions
may need to be incentivized to mitigate decreases in consumption and establish healthy eating habits
throughout the lifespan [26]. These findings will inform re-design and testing of future nudges. in real
world settings.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/11/8/1786/s1,
Figure S1: Specific signage images used as cognitive educational nudge, Table S1. Breakdown in numbers and
percentage of cooked and fresh vegetables for the overall sample by phase, Table S2. Breakdown numbers and
percentage of cooked and fresh vegetables for the female sample by phase, Table S3. Breakdown numbers and
percentage of cooked and fresh vegetables for the male sample by phase.

Author Contributions: M.M., D.T. and P.-J.N. designed and implemented the trial. M.M. collected the data. M.M.,
D.T. and P.-J.N. analysed data and prepared initial drafts of reports and a thesis that served as the basis of the
manuscript. N.F. helped to implement the study, drafted the final manuscript integrating sections of the reports
and thesis. All authors co-edited.

Funding: This research was supported by funding from the British Columbia Ministry of Health.

Acknowledgments: The authors acknowledge the support by University of Victoria Food Services staff and
management as well as the graduate student research assistants, without whom this research would not have
been possible.

Conflicts of Interest: The authors declare no conflict of interest.

156



Nutrients 2019, 11, 1786

References

1. Wang, X.; Ouyang, Y.; Liu, J.; Zhu, M.; Zhao, G.; Bao, W.; Hu, F.B. 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, g4490. [CrossRef] [PubMed]

2. Leone, R.J.; Morgan, A.L.; Ludy, M.J. Patterns and Composition of Weight Change in College Freshmen.
Coll. Stud. J. 2015, 49, 553–564. [CrossRef]

3. Larson, N.; Laska, M.; Story, M.; Neumark-Sztainer, D. Predictors of Fruit and Vegetable Intake in Young
Adulthood. J. Acad. Nutr. Diet. 2012, 112, 1216–1222. [CrossRef] [PubMed]

4. Kelder, S.; Perry, C.; Klepp, K.; Lytle, L. Longitudinal tracking of adolescent smoking, physical activity,
and food choice behaviors. Am. J. Public Health 1994, 84, 1121–1126. [CrossRef] [PubMed]

5. Pope, L.; Hansen, D.; Harvey, J. Examining the Weight Trajectory of College Students. J. Nutr. Educ. Behav.
2017, 49, 137–141. [CrossRef] [PubMed]

6. Olstad, D.; Vermeer, J.; McCargar, L.; Prowse, R.; Raine, K. Using traffic light labels to improve food selection
in recreation and sport facility eating environments. Appetite 2015, 91, 329–335. [CrossRef] [PubMed]

7. Thaler, R.H.; Sunstein, C.R.; Balz, J.P. Choice Architecture. Available online: http://dx.doi.org/10.2139/ssrn.
1583509 (accessed on 2 April 2010).

8. Blumenthal-Barby, J.; Burroughs, H. Seeking Better Health Care Outcomes: The Ethics of Using the “Nudge”.
Am. J. Bioeth. 2012, 12, 1–10. [CrossRef] [PubMed]

9. Cadario, R.; Chandon, P. Which Healthy Eating Nudges Work Best? A Meta-Analysis of Field Experiments.
SSRN Mark. Sci. 2017. [CrossRef]

10. Arno, A.; Thomas, S. The efficacy of nudge theory strategies in influencing adult dietary behaviour:
A systematic review and meta-analysis. BMC Public Health 2016, 16, 676. [CrossRef]

11. Wilson, A.; Buckley, E.; Buckley, J.; Bogomolova, S. Nudging healthier food and beverage choices through
salience and priming. Evidence from a systematic review. Food Qual. Prefer. 2016, 51, 47–64. [CrossRef]

12. Nørnberg, T.; Houlby, L.; Skov, L.; Peréz-Cueto, F. Choice architecture interventions for increased vegetable
intake and behaviour change in a school setting: A systematic review. Perspect. Public Health 2016,
136, 132–142. [CrossRef] [PubMed]

13. Scourboutakos, M.J.; Mah, C.L.; Murphy, S.A.; Mazza, F.N.; Barrett, N.; McFadden, B.; L’Abbé, M.R. Testing a
Beverage and Fruit/Vegetable Education Intervention in a University Dining Hall. J. Nutr. Educ. Behav. 2017,
49, 457–465. [CrossRef] [PubMed]

14. dos Santos, Q.; Federico, S.; Cueto, J.; Mello, V.; Rodrigues, K.; Giboreau, A.; Saulais, L.; Monteleone, E.;
Dinnella, C.; Brugarolos, M.; et al. Impact of a nudging intervention and factors associated with vegetable
dish choice among European adolescents. Eur. J. Nutr. 2019. [CrossRef] [PubMed]

15. dos Santos, Q.; Vanessa, N.; Rodrigues, M.; Hartwell, H.; Giboro, A.; Monteleone, E.; Dinnella, C.;
Perez-cueto, F. Nudging using the ‘dish of the day’ strategy does not work for plant-based meals in a Danish
sample of adolescent and older adults. Int. J. Consum. Stud. 2018, 42, 327–334. [CrossRef]

16. Kongsbak, I.; Skov, L.R.; Nielsen, B.K.; Ahlmann, F.K.; Schaldemose, H.; Atkinson, L.; Pérez-Cueto, F.J.A.
Increasing fruit and vegetable intake among male university students in an ad libitum buffet setting: A choice
architectural nudge intervention. Food Qual. Prefer. 2016, 49, 183–188. [CrossRef]

17. Glasgow, R.E.; Lichtenstein, C.; Marcus, A.C. Why don’t we see more translation of health promotion research
to practice? Rethinking the efficacy-to-effectiveness transition. Am. J. Public Health 2003, 93, 1261–1267.
[CrossRef] [PubMed]

18. Buckley, B.; Thijssen, D.; Murphy, R.; Graves, L.; Whyte, G.; Gillison, F.; Crone, D.; Wilson, P.; Hindley, D.;
Watson, P. Preliminary effects and acceptability of a co-produced physical activity referral intervention.
Health Educ. J. 2019, 0017896919853322. [CrossRef]

19. Tam, R.; Yassa, B.; Parker, H.; O’Connor, H.; Allman-Farinelli, M. University students’ on-campus food
purchasing behaviors, preferences, and opinions on food availability. Nutrition 2017, 37, 7–13. [CrossRef]
[PubMed]

20. Kazdin, A. Single-Case Research Designs; Oxford University Press: New York, NY, USA, 1982.
21. Scruggs, T.E.; Mastropieri, M.A. How to Summarize Single-Participant Research: Ideas and Applications.

Exceptionality 2001, 9, 227–244. [CrossRef]

157



Nutrients 2019, 11, 1786

22. Lenhard, D. Computation of Different Effect Sizes Like d, f, r and Transformation of Different Effect
Sizes: Psychometrica. 2019. Available online: https://www.psychometrica.de/effect_size.html (accessed on
18 July 2019).

23. Bevet, S.; Niles, M.; Pope, L. You can’t “nudge” nuggets: An investigation of college late-night dining with
behavioral economics interventions. PloS ONE 2018, 13, e0198162. [CrossRef]

24. Friis, R.; Skov, L.; Olsen, A.; Appleton, K.M.; Saulais, L.; Dinnella, C.; Hartwell, H.; Depezay, L.; Monteleone, E.;
Giboreau, A.; et al. Comparison of three nudge interventions (priming, default option, and perceived variety)
to promote vegetable consumption in a self-service buffet setting. PLoS ONE 2017, 12, e0176028. [CrossRef]
[PubMed]

25. Steenhuis, I. The impact of educational and environmental interventions in Dutch worksite cafeterias.
Health Promot. Int. 2004, 19, 335–343. [CrossRef] [PubMed]

26. Deliens, T.; Van Crombruggen, R.; Verbruggen, S.; De Bourdeaudhuij, I.; Deforche, B.; Clarys, P.
Dietary interventions among university students: A systematic review. Appetite 2016, 105, 14–26. [CrossRef]
[PubMed]

27. Sunstein, C.R. Nudges that fail. Behav. Public Policy 2017, 1, 4–25. [CrossRef]
28. Broers, V.; Van den Broucke, S.; Taverne, C.; Luminet, O. Investigating the conditions for the effectiveness of

nudging: Cue-to-action nudging increases familiar vegetable choice. Food Qual. Prefer. 2019, 71, 366–374.
[CrossRef]

29. Pollard, J.; Kirk, S.; Cade, J. Factors affecting food choice in relation to fruit and vegetable intake: A review.
Nutr. Res. Rev. 2002, 15, 373. [CrossRef]

30. Turnwald, B.P.; Boles, D.Z.; Crum, A.J. Association Between Indulgent Descriptions and Vegetable
Consumption: Twisted Carrots and Dynamite Beets. JAMA Int. Med. 2017, 177, 1216–1218. [CrossRef]

31. Sulkowski, M.; Dempsey, J.; Dempsey, A. Effects of stress and coping on binge eating in female college
students. Eat. Behav. 2011, 12, 188–191. [CrossRef]

32. Bucher, T.; van der Horst, K.; Siegrist, M. Improvement of meal composition by vegetable variety.
Public Health Nutr. 2011, 14, 1357–1363. [CrossRef]

33. Carroll, K.A.; Samek, A.S.; Zepeda, L. Product bundling as a behavioral nudge: Investigating consumer fruit
and vegetable selection using Dual-Self Theory. In Proceedings of the Agricultural and Applied Economics
Association, 2016 Annual Meeting, Boston, MA, USA, 31 July–2 August 2016.

34. Harris, J. Consumer Preference for Product Bundles: The Role of Reduced Search Costs. J. Acad. Mark. Sci.
2006, 34, 506–513. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

158



nutrients

Article

Healthy Planet, Healthy Youth: A Food Systems
Education and Promotion Intervention to Improve
Adolescent Diet Quality and Reduce Food Waste

Melissa Pflugh Prescott 1,*, Xanna Burg 1, Jessica Jarick Metcalfe 1, Alexander E. Lipka 2,

Cameron Herritt 3 and Leslie Cunningham-Sabo 3

1 Department of Food Science and Human Nutrition, University of Illinois at Urbana-Champaign,
Champaign, IL 61820, USA

2 Department of Crop Sciences, University of Illinois at Urbana-Champaign, Champaign, IL 61820, USA
3 Department of Food Science and Human Nutrition, Colorado State University, Fort Collins, CO 80523, USA
* Correspondence: mpp22@illinois.edu; Tel.: +(217)-300-7489

Received: 28 June 2019; Accepted: 8 August 2019; Published: 11 August 2019

Abstract: Emerging evidence suggests a link between young people’s interest in alternative food
production practices and dietary quality. The primary purpose of this study was to examine the
impact of a student-driven sustainable food systems education and promotion intervention on
adolescent school lunch selection, consumption, and waste behaviors. Sixth grade science teachers at
two middle schools (n = 268 students) implemented a standards-based curriculum on sustainable
food systems, addressing the environmental impacts of food choices and food waste. The cumulating
curriculum activity required the 6th grade students to share their food systems knowledge with their
7th and 8th grade counterparts (n = 426) through a cafeteria promotional campaign to discourage food
waste. School-wide monthly plate waste assessments were used to evaluate changes in vegetable
consumption and overall plate waste using a previously validated digital photography method.
At baseline, the intervention students consumed significantly less vegetables relative to the control
group (47.1% and 71.8% of vegetables selected, respectively (p = 0.006). This disparity was eliminated
after the intervention with the intervention group consuming 69.4% and the control consuming
68.1% of selected vegetables (p = 0.848). At five months follow up, the intervention group wasted
significantly less salad bar vegetables compared to the control group (24.2 g and 50.1 g respectively
(p = 0.029). These findings suggest that food systems education can be used to promote improved
dietary behaviors among adolescent youth.

Keywords: food systems; school nutrition; food waste; adolescents; implementation science

1. Introduction

School meal programs combat childhood hunger and inadequate nutrition by providing children
with the nutrients needed for physical and educational development. These programs also present an
important opportunity to simultaneously address child diet quality and food waste. About 95% of
U.S. children aged 9–18 do not meet the federal dietary recommendations for vegetable intake [1–3],
and childhood obesity continues to be a major public health problem [4]. U.S. Students who participate
in both the National School Lunch Program (NSLP) and School Breakfast Program consume up
to 47% of their daily energy intake from school meals [5], and school nutrition programs reduce
household income disparities in adolescent fruit and vegetable intake [6]. Strengthened nutrition
standards mandated under the Healthy, Hunger-Free Kids Act of 2010 (HHFKA) promote important
improvements to school meal programs, such as increasing vegetable variety, offering only low-
and non-fat milk, and establishing meal calorie minimums and maximums [7]. However, concerns

Nutrients 2019, 11, 1869; doi:10.3390/nu11081869 www.mdpi.com/journal/nutrients159



Nutrients 2019, 11, 1869

about the amount of food selected but not consumed by students [8] threaten the viability of these
standards [9,10]. Additionally, wasted food squanders the natural resources used to derive food and is
a major contributor to climate change [11,12]. Traditional nutrition education interventions that target
students’ selection, consumption, and waste of fruits and vegetables during school meals are rarely
effective past the short-term [13,14], suggesting that a novel approach is warranted.

Emerging evidence suggests a link between young people’s interest in alternative food production
practices, like locally grown foods and foods grown using sustainable agricultural techniques,
and dietary quality [15,16]. Yet, the limited available evidence suggests adolescents may not be
aware of the impact that their eating behaviors have on the environment [17]. Researchers in the
United Kingdom [18], Canada [19], and Australia [20] have demonstrated the intersection between
food systems and health in the public school setting, and in the United States, food systems education
is considered a form of farm-to-school programs [21,22]. A recent systematic literature review of
farm-to-school programs questioned the feasibility of incorporating these interventions into classroom
curricula and identified the failure to quantify intervention fidelity as one of the major limitations of
existing research on these programs [23]. Schools have educational priorities that may compete with
health priorities [24], and the constrained budget, time, and staff of school systems [25,26] can make it
difficult to sustain school-based health interventions in the short and long term. This makes schools
an ideal setting for implementation science research, which examines the effective dissemination and
implementation of evidence-based interventions in the real world, with a focus on evaluating program
feasibility, acceptability, and fidelity [27].

Middle schools are an ideal setting for our student intervention since lessons on food systems
concepts are well aligned with the academic learning standards required for middle school (grades
6–8) [28]. Also, compared to younger children, adolescent students are making more of their own food
choices and may be better able to connect their food choice and waste actions to health and environmental
consequences. Yet, there is little information on the impact of food systems education in this age
group. The primary purpose of this study was to examine the impact of a student-driven sustainable
food systems education and promotion intervention on adolescents’ food selection, consumption,
and waste behaviors, particularly for fruits and vegetables, during school lunch. In addition, we aimed
to understand the influence of the intervention on students’ knowledge and attitudes towards the food
system and to estimate the intervention acceptability and fidelity.

2. Materials and Methods

2.1. Study Design and Setting

The Healthy Planet, Healthy Youth (HPHY) study used an experimental embedded mixed methods
design [29], in which the qualitative data were embedded within and generally played a supportive
role in the non-randomized controlled trial which was primarily based on quantitative data. Figure 1
details the sequence of study events with qualitative data indicated by yellow boxes and quantitative
date in blue boxes. In addition, a community-based participatory research approach was used [30],
which promotes the value of community members as equal partners throughout the research process.
The HPHY Advisory Committee met quarterly the year prior to the intervention and semi-annually
during the intervention year. The HPHY Advisory Committee included school nutrition staff from
three local school districts, staff from the state office of school nutrition, and university faculty with
a variety of expertise, including science education, food safety, nutrition, and agricultural economics.
HPHY was implemented in two Colorado middle schools within the same school district. The school
nutrition programs at both middle schools had salad bars, scheduled lunch periods lasting 30–32 min,
and offer vs. serve provisions which allowed students to decline some of the foods offered. The Blinded
for Review Institutional Review Board approved this project.
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Figure 1. Overview of the Healthy Planet, Healthy Youth experimental embedded mixed methods
design, including timeline of intervention and data collection. Rectangular elements illustrate data
collection, where blue signifies quantitative data and yellow signifies qualitative data. Oval elements
illustrate intervention points and duration of intervention. The dotted line indicates that the poster
content analysis results were used to develop the cafeteria poster intervention.

2.2. Participant Selection and Recruitment

The local school district’s science education coordinator circulated recruiting advertisements to
6th grade science teachers via email. The district school nutrition program was actively involved in
the HPHY Advisory Committee, facilitating engagement with the kitchen managers at the recruited
middle schools. Participating teachers were provided a $250 cash incentive for their time, a copy of
the curriculum, curriculum supplies, a one-hour in person training, and a curriculum outline that
provided suggestions for how to amend the original curriculum so that it could be delivered in a shorter
time frame.

All sixth-grade students enrolled in the science classes taught by the recruited teachers received
the food system education intervention implemented as a unit during their science class. No parental
consent, nor student assent, was required to receive the intervention, but written parental consent
and electronic student assent were provided for all students participating in the classroom pre- and
post-surveys. Verbal student assent was provided for all 6th–8th grade students participating in the
monthly plate waste assessments and voting on food systems promotion posters; these two activities
qualified for a waiver of parental consent.

2.3. Intervention and Theoretical Underpinnings

HPHY draws upon the Self-Determination Theory (SDT) [31], which underscores the importance
of motivation quality, ranging from intrinsic to amotivation. In addition, SDT theorizes that people
are more likely to achieve intrinsic motivation when their basic needs for autonomy, competence,
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and relatedness are met. In particular, the current study aimed to satisfy the participants’ need for
relatedness by incorporating curriculum activities that facilitated student interactions, such as group
projects and voting for food systems posters. Through these interactions we hypothesized that the
intervention would nurture shared values of environmental conservation among students and would
increase their motivation to make healthy food choices and waste less food.

An abbreviated version of an existing curriculum, Farm to Table and Beyond (FTTB) [28], was used
for this intervention. This curriculum was selected since it is aligned to the required 6th grade science
academic standards. The principal investigator and a local retired science teacher reviewed the entire
curriculum and selected five lessons from FTTB that were central to the research questions, appeared
feasible to implement, and provided maximum academic benefit to science teachers. These units
included: Introduction to the Food System, Environmental Impacts of Food, Food Changes as it Moves
through the Food System, Food Waste, and School Cafeteria Waste. Teachers were also encouraged to
implement a supplementary lesson on Transporting Food. As a part of the School Cafeteria Waste
lesson, students were tasked with estimating their personal lunch food waste over the course of one
week. Teachers helped the students aggregate and graph the data as a part of a class project. For the
culminating intervention project, students were asked to create a poster to teach the 7th–8th grade
students in their school the most important thing they learned in the food systems unit.

For the promotion part of the intervention, researchers conducted a content analysis of the posters
and used the findings to create professional-quality posters to promote waste reduction during school
meals. At each school, the 6th–8th grade students voted on which poster they liked best using bingo
chips, and the two posters with the most votes were hung in each school’s cafeteria during the final
month of the intervention.

2.4. Measures and Data Collection

2.4.1. Qualitative Measures and Data Collection

The qualitative data consisted of student posters and teacher interviews. Students at one school
created individual posters, and the other created posters in groups; all were digitally photographed.
Student names were removed or obstructed during photography. Teacher interviews were conducted
using a structured interview protocol, audiotaped, and transcribed verbatim. Protocol questions
included inquiries on overall feedback and adaptations used for each lesson, facilitators, and barriers to
implementing the intervention, and the sustainability of the intervention. Transcriptions were assessed
for quality. Written informed consent was acquired for each interview participant.

2.4.2. Classroom Survey Measures and Data Collection

We adapted an existing 46-item, unpublished survey targeting 5th to 6th graders to evaluate
FTTB [28]. The original FTTB survey focused on the nature and human relationship, student interest in
science, and their attitudes towards healthy foods. We used a three-step process to ensure the validity
and reliability of our adapted survey. First, we assessed survey constructs for our project by holding
two 60-min focus groups (1 for boys, 1 for girls) with 8th grade students and revised survey items
accordingly. Second, individual 30-min cognitive interviews were completed in July–August 2017
with rising middle school students at a school district summer program to establish face validity of
the revised survey questions. The survey was updated to improve participant comprehension and
promote increased congruence between researcher and participant understanding of key terms used
in the survey [32,33]. Third, an online survey repeated twice within a 10–21 day timeframe assessed
test-retest reliability. Participants (n = 65) were recruited through a direct mailing list of local families
with children aged 11–13. Unreliable survey questions were not used in further analyses. Reliable
survey questions were grouped according to pre-identified themes based upon the self-determination
theory and curriculum units: relatedness, regulatory style, stewardship, food processing, local food,
natural resources, packaging, food waste, climate change, food systems, and transport. Themes with at
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least two items showing acceptable internal consistency (Cronbach’s alpha greater than 0.7) were used
in analysis. Final classroom survey scales included: relatedness (6 items), regulatory style (7 items),
natural resources (2 items), and food packaging (3 items). Three food waste items that were reliable
but did not fit into a scale score were also included.

2.4.3. School Meal Component Selection, Consumption, and Waste Data Collection

Plate waste data collection was conducted one day per month for six months (November 2017–April
2018; Figure 1) at each school using a previously validated digital photography method [34–36]. Monthly
plate waste assessments for each school typically occurred within seven calendar days of each other.
Plate waste dates were chosen after consulting with the school principal to work around school events
and field trips and according to the availability of research staff. Students had no advance knowledge
of when data would be collected and were not told that the plate waste measures were related to the
classroom curricular intervention. The baseline plate waste collection occurred prior to the start of the
classroom lessons. Students went through the lunch serving line using the normal school procedures.
Trained researchers met students at the cashier, obtained verbal assent, and completed tray tags to
indicate the sex, grade, and selected food items for each student. Tray tags were pre-printed with the
day’s menu options. Researchers circled the selected entrees, hot vegetables, whole fruit, beverages,
and a la carte items on the tray tag, and documented selected salad bar items and the corresponding
visual estimates of served portions. After students were finished eating lunch, their tray was brought
to the research station located near the garbage cans. Researchers labeled trays with a unique tray
number, measured beverage waste to the nearest 0.5 ounce using a liquid measuring cup, and then
photographed the remaining food on the tray against a reference board with the camera 26 inches
above at a 45-degree angle. Three to five reference foods of each item served that day were collected
and photographed prior to the start of lunch. Reference foods were taken back to the lab and weighed
to the nearest 0.5 g. An average weight for each reference food was calculated from the three to five
reference food samples.

Photographs were independently, visually assessed for the percent of each food item wasted
by two, trained researchers. A third researcher, experienced in the digital photography plate waste
method, compared the two assessments. Estimates for percent wasted were confirmed identical or
were averaged if the two estimates were within 20%. The third researcher reconciled any percent
wasted estimates that differed more than 20%. Standardized weights and standardized percent wasted
amounts were used when possible, such as items that could be broken down by food component (i.e.,
bread and bun estimates for sandwiches). Reference food weights were merged with portion/amount
taken and percent wasted estimates to calculate the weight of each food item wasted.

2.4.4. Research Staff Data Trainings

Researchers attended a 1.5-h data collector training which consisted of an overview of the study
purpose and rationale, review of the data collection protocol and data collection sheets, hands-on practice
assessing menu items selection and estimation of salad bar portion size selection, and expectations for
professional conduct. The 1-h data analysis training consisted of an overview of the study purpose and
rationale, orientation to reference photographs and standardized percent wasted amounts, and practice
assessing the percent wasted of actual participant lunch trays.

2.5. Data Analyses

2.5.1. Qualitative Analyses

Teacher interview transcripts were analyzed using ATLAS.ti (Version 8.0.4; Berlin, Germany, 2017).
We used a single researcher, two-pass hybrid deductive–inductive qualitative approach, where the
implementation science research questions informed the initial codebook and additional unique themes
emerged during the coding process [37].
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Digital photographs of student posters were also analyzed using ATLAS.ti (Version 8.0.4; Berlin,
Germany, 2017). Seven food systems themes were identified a priori based upon the curriculum content
and feedback interviews with classroom teachers: food waste prevention, food recovery, prevention of
other related waste (packaging, food implements), recycling, reasons to reduce waste, natural resources,
and growing your own food. A two-pass deductive content analysis coding method [38] was used by
a single researcher to classify student messages written and drawn on the posters utilizing these a priori
themes, and descriptive statistics were used to explore differences in theme frequencies across schools.

2.5.2. Classroom Survey Pre and Post Data Analyses

Classroom survey analyses were completed using R 3.4.1 and the following packages: dplyr,
ggplot2, lme4, lmerTest, and emmeans. Statistical significance was set at α = 0.05. The overall mean for
each outcome measure was calculated for pre and post and compared using a paired t-test or paired
Wilcoxon signed-rank test (for non-normal data). The mean difference between pre and post (post score
− pre score) was calculated for each outcome measure by school and schools were compared using
a Wilcoxon signed-rank test. Linear mixed models were used to assess change in outcome measures
over time. All models included an individual random effect for unique subject ID to account for
repeated measures (pre and post). Demographic factors (school, sex, race, ethnicity, how a student eats
lunch, farm experience, garden experience, and cooking frequency) were included as fixed effects in all
models to assess whether demographic groups differed in the outcome measure. For the demographic
factors that had different pre to post trends, interaction terms were added individually to the mixed
model to assess differences by demographic groups. Farm experience and garden experience were
continuous variables calculated from a multiple answer question, where zero represented no experience
and each additional experience (total of four for farming and three for gardening) added one. Cooking
frequency was also a continuous variable from zero to seven and represented the average number
of days per week a student helped make breakfast, lunch, dinner, and snacks. For each outcome
measure, the model with the lowest Akaike information criterion was considered the final model for
interpretation. Model assumptions were checked using the residuals versus fitted plots and Q-Q plots.
Model results for fixed effects were investigated using a Type 3 ANOVA table, and estimated marginal
means were used to investigate contrasts between time points and demographic factors.

2.5.3. Plate Waste Data Analyses

Plate waste data analyses were completed using SPSS software (Version 24; Armonk, NY, USA,
2016). Statistical significance was set at α = 0.05. Descriptive statistics (overall means or frequencies for
each outcome variable) were calculated for the intervention (6th graders) and control groups (7th–8th
graders) at each of the six time points (pre-intervention through five month follow-up).

Food selection outcomes were binary (1 = student selected item from food group, 0 = student
did not select item from food group) and were presented as the percent of participants who selected
items from each food group (vegetables, fruit, entrée, and milk). Food consumption outcomes were
continuous and expressed as the percent of each food group (vegetables, fruit, entrée, and milk) that
each participant consumed. Food waste outcomes were continuous and expressed as the weight (in
grams for solid food items, in fluid ounces for milk) of the food that was wasted or thrown away at the
end of lunch. The vegetable selection and waste variables included both hot vegetables and vegetables
from the salad bar, and the fruit selection and waste variables included both whole fruits and fruit
from the salad bar. Logistic regression analyses controlling for participants’ gender and school were
used to assess differences between the intervention and control group in food selection outcomes
(vegetables, fruit, entrée, and milk) at key time points (pre-intervention, post-intervention, and five
month follow-up). Two-way ANCOVAs were used to analyze the effect of condition (intervention
vs. control group) and time point on food consumption and waste outcomes (vegetables, fruit,
entrée, and milk). These analyses controlled for participants’ gender, the school that they attended,
and the percent of entrée consumed. Estimated marginal means (adjusted to account for the influence
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of control variables) were used to compare outcomes between the intervention and control group.
Post-hoc analyses (with Tukey corrections) were used to determine whether there were significant
differences between the intervention and control group in consumption and waste at key time points
(pre-intervention, post-intervention, and five month follow-up). These logistic regression and ANCOVA
analyses were also repeated with school A and school B individually to investigate differences in
outcomes by school.

3. Results

The HPHY education and promotion intervention was delivered to approximately 268 6th grade
students between the two schools, and an additional 650 students in 7th–8th grade were exposed
to the promotional food systems posters in the cafeteria (Table 1). There were four total 6th grade
science teachers between the two schools, and all of them agreed to deliver the classroom intervention.
The results section provides findings for the intervention fidelity and feasibility, poster content analyses,
classroom survey, and plate waste outcomes.

Table 1. Demographic characteristics of intervention schools (n = 2) and sample demographics of
students participating in the classroom survey.

School A School B

School Enrollment 1

Total 568 129

Sex, n (%)

Male 297 (52%) 64 (50%)
Female 271 (48%) 65 (50%)

Race, n (%) 2

White 254 (45%) 106 (82%)
Hispanic 274 (48%) 10 (8%)
Non-White or Non-Hispanic 40 (7%) 13 (10%)

Classroom Survey Sample

Total 56 41

Sex, n (%)

Male 23 (41%) 20 (49%)
Female 31 (55%) 19 (46%)
Not reported 2 (4%) 2 (5%)

Age, mean (SD) 11.31 (0.47) 11.32 (0.52)

Race, n (%) 3

White 40 (71%) 32 (78%)
Non-White 6 (11%) 3 (7%)
Unsure or not reported 10 (18%) 6 (15%)

Ethnicity, n (%)

Hispanic/Latino 12 (21%) 5 (12%)
Not Hispanic/Latino 34 (61%) 29 (71%)
Not sure or not reported 10 (18%) 7 (17%)

How students eat lunch on school days, n (%)

School lunch 25 (45%) 14 (34%)
Bring lunch from home 11 (20%) 15 (37%)
Combination of school lunch and food from home 11 (20%) 6 (15%)
Choose not to eat lunch 4 (7%) 5 (12%)
Not reported 5 (9%) 1 (2%)
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Table 1. Cont.

School A School B

Farm Experience 4, n (%)

Live on a farm 2 (4%) 3 (7%)
Worked on a farm before 14 (25%) 10 (24%)
Family member works on a farm 8 (14%) 6 (15%)
Visited a farm before 29 (52%) 23 (56%)
No farm experience 4 (7%) 4 (10%)
Not reported 14 (25%) 3 (7%)

Garden Experience 4, n (%)

Garden at home 23 (41%) 23 (56%)
Help with school/community garden 6 (11%) 4 (10%)
Gardened in the past 19 (34%) 15 (37%)
Do not garden 2 (4%) 5 (12%)
Not reported 14 (25%) 3 (7%)

Cooking frequency 5 (overall), mean (SD) 3.85 (1.84) 3.35 (1.91)

Breakfast 4.17 (2.48) 3.02 (2.67)
Lunch 3.00 (2.27) 2.81 (2.20)
Dinner 3.41 (2.57) 3.08 (2.44)
Snacks 4.66 (2.48) 4.43 (2.65)

Notes: SD: standard deviation; 1 School enrollment is for grades 6 to 8 only and sourced from administrative
data. 2 Non-White or Non-Hispanic races include Black, Asian, American Indian or Alaska Native, and 2+ Races;
3 Non-White races include Black, Asian, American Indian or Alaska Native, Native Hawaiian or Other Pacific
Islander, 2+ Races, and Other; 4 Student could choose multiple responses, so percentages do not sum to 100%;
5 Cooking frequency was reported as average days per week each student helped prepare the specified meal; results
are average days per week; overall is the average of all meal categories.

3.1. Intervention Fidelity

Table 2 summarizes the student activities for each lesson. Few lessons were implemented as
suggested in the curriculum outline. One universal adaption was incorporating suggested homework
activities into classroom learning since neither school typically assigned science homework. For school
A, one lesson was omitted and substituted with a video due to standardized testing-related changes to
the daily school schedule that made it difficult to implement an interactive learning activity across
all class periods. In School B, one class period was omitted due to overlap in the previous month’s
science unit on climate change. In addition, the teacher at School B thought that her school was already
progressively handling the food waste issue since they donate all cafeteria food scraps to a local pig
farmer and omitted the Cafeteria Waste Inventory unit.

3.2. Teacher Feedback on Implementation: Feasibility, Acceptability, and Fidelity

Three of the four intervention teachers participated in individual interviews. Thematic analyses
yielded six themes: age-appropriate content, student engagement, barriers and facilitators, teacher
engagement, and building on related science topics. Definitions for each theme and example quotes
are provided in Table 3. Taken together, the interview data underscore the importance of engaging
teachers, as well as students. Teachers were overwhelmed with classroom time constraints and juggling
the wide span of abilities among their students but reported that the freedom to tailor the curriculum
to the needs of their students, amend lessons based on prior curricular topics, and adjust lessons due
to school schedule changes were paramount to successfully implementing the intervention. In-person
training, support from researchers, and an outline of strategies to amend the curriculum were also
universally viewed as key facilitators.
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Table 2. Intervention implementation summary by school.

Summary of Class Activities Implemented

Curriculum Unit: Aim School A School B

Introduction to the Food System:
To assess what we already know
about the food system and how
it affects the environment

Students selected a food item of
their choice and drew a diagram of
all the steps that the food goes
through from farm to table.

Students drew diagrams of the
steps that apples and applesauce
go through from farm to table.

Transporting Food: To gain
an understanding of the role
transportation systems play in
food systems. (This was
an optional supplementary
lesson.)

Lesson omitted.

Students were each assigned
information summaries to review
about one of the following: food
transport via airplane, railroads,
inland waterways, ocean freighter,
or truck. Later, students were put
into groups with students who
had been assigned different
transport options from themselves.
Each student had to teach their
group about the advantages and
disadvantages of their assigned
method of food transport.

Environmental Impacts:
To construct knowledge about
the importance and use of
natural resources, including
fossil fuels

Students did a Point of View activity
where they were each assigned
different roles to play at a town
meeting, such as Soil Scientist or
Food-Packaging Manufacturer.
The purpose of the town meeting
was to decide whether or not to
allow people to cut down unlimited
trees on the nearby mountain to use
in manufacturing or to place strict
limits on the number of trees that
can be cut down. Students had to
build their argument, write their
argument, review other students’
written arguments, and vote to
determine the outcome.

Lesson omitted.

Food Changes as it Moves
through the Food System:
To construct knowledge about
the environmental effects of food
processing

The lesson was replaced with
a video about the impact of human
consumption of food, everyday
products, and fuel on the planet.

Students reviewed how trends in
food packaging and garbage
disposal have changed over time.
Students were asked to create their
own snack company that is
profitable, yet minimizes the
impact on the environment.
Students mapped out the farm to
table process of all ingredients in
their company’s food product,
including food and packaging
waste and fuel sources used to
power their company’s factories.

Food Waste: To analyze the
amount of waste individuals
generate and to develop
a method for surveying
school-cafeteria waste

The lesson was omitted, and
students were assigned to read and
answer questions on a magazine
article on food waste. They were
also challenged to track their
weekend food waste at home.
Findings were aggregated by the
teachers and reviewed
with students.

Lesson replaced with teacher-
facilitated discussion on single-use
products vs. reusable products,
with an emphasis on cups and
silverware.
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Table 2. Cont.

Summary of Class Activities Implemented

Curriculum Unit: Aim School A School B

Cafeteria Waste Inventory:
To collect, analyze and utilize
data about food-related waste in
the school cafeteria.

Students were given an index card
to document how much food they
threw away at lunch and why over
the course of one week.
They graphed the results as a class.

Lesson omitted

Share Most Important Message:
To share the most important
thing they learned in the unit
with other students

Students created posters to share
their messages, either individually
or in groups.

Students created posters,
individually, to share their
messages.

Total classroom days devoted to
the unit: 16 days 12 days

Table 3. Middle School Teacher Interview Theme Results (n = 3).

Theme Illustrative Quote(s)

Adolescent
development

I would suggest for other middle school students to use [the curriculum].
I think it’s an appropriate time [for it]. [Middle school students] have enough of
a world perspective to know that there is stuff outside the grocery store and
outside their own kitchen. But I think we kind of take for granted that people
notice things and unless we teach it, they won’t [notice] because it’s not part of
everyday experience. I think [this topic] is perfectly appropriate for
middle school.

I think it’s really relevant because [my students should] be more aware of the
world around them, to be aware of some of the hardships that their families face.
So, it’s like, “Oh! That did cost mom and dad money when they threw this thing
away.” So, I think it’s a very timely thing for them to be aware of.

I think [this topic] is valuable. Sixth, seventh and eighth grade is when they
start making food choices of their own. They might be like out with friends and
buy a soda. So, I think the packaging piece was valuable for them to think like,
okay, where this is going to go once it leaves me?

Student engagement
with the material and

each other

This was probably the best quality work of the two posters we had to make
and the writing piece [from this unit]. That’s the best quality work I’ve seen
almost all semester. Because it was meaningful to them, it was impacting them.

I think it was cool for them to be like, “Hey, that’s my index card, that’s my
data, this isn’t just some story problem out of a textbook. This is like my lunch
last week.” I think that was good, and they took some ownership of [the cafeteria
waste assignment] that way.

I think just because it was more engaging, they were more willing to take
a risk and work with somebody that they hadn’t worked with before. So,
that’s not content specific, but I think it speaks to the content and how engaging it
is because it was cool to see kids specifically like between ethnic groups
[work together].

Barrier: Time
constraints

Unfortunately, the thing I would do differently would be I would back away,
from winter break a tiny bit. Just because I think we could have a more
meaningful discussion about, ‘did you have change over the week,’ ‘did you have
your mom pack your lunch differently’ or ‘did you ask for different things when
you went through the line.’ I would love to have had like an extra day, to have
done some sort of post discussion or debriefing or survey or something like that,
it just was like we never had time to do that.

Yeah, I liked it a lot I guess I would like more time with it. I think I did it in 2
weeks or 3 weeks and it still felt like I needed more time.
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Table 3. Cont.

Theme Illustrative Quote(s)

Barrier: Wide span of
student reading-levels

and abilities

I have some sixth graders that read on like a fourth-fifth grade level.
Some sixth graders read on like an eighth-grade, ninth grade level. So, it might be
cool if [in the future] there were reading exerts that were tailored to that.

We have a huge span of students’ experiences, capabilities and language
capabilities . . . I think we have some students who probably could have
developed their own research questions and probably could have made their own
graph without any, or very little support. I have some students who, just a handful,
but probably never understood why we were asking them to keep track [of their
food waste]. So, a huge range. To try to close that gap [teacher name] and I
[assigned the questions of] how many things are you throwing away and why [for
each] day [during school lunch]. We felt like that was something that was
approachable for almost all of our students, that they could do quickly, and that
they wouldn’t blow off so that they didn’t lose their basketball time [at recess].

Facilitator: Academic
standards

[Any new curriculum must] support stuffwe are already doing because we
don’t have time as teachers, or days in the classroom to add in something that’s
totally new that we have never tried before that we don’t know if it’s going to
work or support our curriculum. If it supports our curriculum and it’s a fresher
more engaging way to do it, then absolutely, but if it’s going to be a ton of work
and we are not sure if it’s going to support what we are doing I would say,
I would be reluctant to do it.

So, we used this as a culminating piece of our ecology unit. So, we’d already
been discussing like populations, niche ecosystems that kind of thing. So, it was
taking the application of what they’d already learned about an ecosystem and
kind of giving it a real-world application for them.

The lessons are good. I think [the curriculum] takes things that we have to
teach as [required academic] standards but puts them in an application that is
often overlooked.

Facilitator: Curriculum
outline

I think if you just gave a teacher this textbook, they’d never open it,
as beautiful as it is. I think once a week somebody gives me a book and is like, “Oh,
it’s great, just read it. I just found this. I had it 10 years ago; it’s all about this new
thing about teaching Math.” I’m like great, you love your resources, but [teaching
resources] need to be accessible and that’s what this [points to curriculum outline]
is like. [The curriculum outline] made [the curriculum] accessible.

I feel like you guys picked the lessons that were feasible, if not easy,
to connect to one another. So, that is good, that’s a huge amount of work just to go
through that book and pull out meaningful lessons because we can’t do them all.

Facilitator: support
from researchers

I really appreciated the meeting with [Researcher Name] at the beginning
with all of the teachers. We could all give our feedback and just how open she
was with, “Call me if you have any questions, here is my e-mail and we can send
a grad student.” I felt very well supported by her. I appreciated the outline.
I appreciated the textbook . . . This is way more than I’ve ever gotten from
anybody else. Like I said, a lot of people would be like, “Here’s a unit that you
can do but you have to find the resources. Here are the resources, but how do you
structure it and sequence it?” and I got both. It was like a gift.

You guys did a great job, you were available and prompt, but you weren’t like
staring over our shoulder or second-guessing the choices we made. It was great.

That was awesome- you coming in and sitting down and going over [the
curriculum outline]. Because you weren’t going to give somebody a [curriculum]
book like this and they were going to be like, “Yeah, no, I’m not doing this.” So,
you coming in and making it like, “Okay, here’s the bare bones of what we want
you to do,” and just like running us through it really quick. So, then we could sit
down as a team and go, okay, how do we modify this so it fits the needs for our
students and they get something out of it?
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Table 3. Cont.

Theme Illustrative Quote(s)

Facilitator: teacher
freedom to adapt the

curriculum

Yeah, I don’t want somebody to tell me how to teach it because they might be
a great teacher, but they don’t know my students the way I do.

I really appreciated how open [Researcher Name] was to [us adapting the
curriculum]. That made it really easy as a teacher because I think if she hadn’t
said that and she had said ‘follow this piece by piece,’ I would’ve been
overwhelmed and not done it. Because you have to adapt it for what your kids
already know. This kid needs an extension; this kid needs support. So, if I were
unable to make changes to it like I did, I don’t think I would have done it. So,
that helped a lot.

Equally important, the teachers also agreed that adolescence was an ideal developmental period
to teach food systems, particularly from a student-driven approach. One teacher said, “Honestly,
[the best part of this unit was] the kids’ excitement and just their knowledge that they could impact
something and that they had control over something at this age. I think they feel like so much of what
they’re asked to do is from somebody else’s direction. So, the ability to be like, ‘I can make a choice in
how much food I take’ appeals to them.” This view is supported by the high levels of reported student
engagement in the topic. Yet, despite the developmental appropriateness of the topic, food systems was
not an existing part of the science curriculum at either school. Both schools covered niche ecosystems
in their ecology units, and School B had just finished a unit on climate change prior to starting the food
systems education intervention. Teachers at both schools agreed that the intervention unit on food
systems was an ideal complement to their existing science curriculum, particularly since it allowed
them to cover the state-required scientific inquiry standards in a new way.

3.3. Content Analyses of Student Work and Student Voting Results

There were a total of 54 posters and 326 coded poster messages across the two schools. Figure 2
provides the frequency of the a priori poster message themes by school. Food waste prevention was the
most common poster message overall, with school A featuring twice as many food waste prevention
messages compared to school B. The most common poster message at school B was the prevention
of packaging waste/disposable food implements, but this message was rarely included in posters at
school A. Common stylistic factors of student posters included the incorporation of food into the letters
of poster titles and statements to peers in the form of questions.

 
Figure 2. Student poster content analyses results, by school. A total of 54 posters were completed across
both schools featuring 326 food systems themes. (Posters were completed in groups or individually,
depending on teacher preference.) Food recovery are actions to avoid landfill disposal of wasted food,
such as composting.
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Figure 3 shows the posters receiving the most votes. These posters were displayed in the cafeterias
during the final month of the intervention. Approximately 61.1% (n = 347) of the middle school
students in School A and 55.1% (n = 66) in School B participated in the student poster voting.

(a) (b) (c) 

Figure 3. Food waste reduction poster winners, as voted on by school A (n = 347) and school B (n = 66)
that were posted in school cafeteria during the final month of the intervention: (a) Top-voted poster at
both schools (b) Second place poster at school A. (c) Second place poster at school B.

3.4. Classroom Survey Results

A total of 268 students were enrolled in a 6th grade science class at the two schools and eligible
for the study. About half of the students eligible (n = 130, 50.4%) had parental consent and 97 students
completed the classroom survey (36.2% of eligible students, 74.6% of consented students). Due to
a technical error with the online survey platform, some students were unable to finish their classroom
survey. Table 1 provides the demographic characteristics of students participating in the classroom
survey, and Table 4 provides outcome results from the classroom survey measures.

Table 4. Comparison of changes in classroom survey measures pre to post.

Overall Mean (SD) p-Value 1 Mean Difference (SD) Pre
to Post 2 p-Value 3

Pre Post School A School B

Relatedness 4 3.44 (0.78) 3.39 (0.73) 0.703 −0.10 (0.65) 0.04 (0.51) 0.258
Regulatory style 5 2.94 (0.82) 3.00 (0.84) 0.656 −0.01 (0.78) 0.18 (0.77) 0.079
Natural resource scale 4 3.26 (0.92) 3.31 (0.98) 0.784 0.17 (0.89) −0.18 (0.80) 0.037
Food packaging scale 4 2.37 (1.09) 2.47 (1.06) 0.515 0.11 (0.83) 0.15 (0.72) 0.976
Food waste: I try to limit how
much food I throw away 4 3.56 (1.07) 3.69 (1.04) 0.321 0.20 (1.04) 0.13 (1.07) 0.974

Food waste: When I am eating,
I think about where my food
came from 4

2.56 (1.19) 2.64 (1.11) 0.603 0.11 (1.25) 0.08 (1.01) 0.702

Food waste: I feel that one
person’s food waste is bad for
the environment 4

3.54 (0.86) 3.80 (0.78) 0.044 0.26 (0.98) 0.25 (0.77) 0.833

Notes: SD: standard deviation; 1 Paired t-test (for normal data) or paired Wilcoxon signed-rank test (for non-normal
data); H0: mean difference = 0; 2 Mean difference: Post score-Pre score; 3 Wilcoxon signed-rank test; H0:
mean difference = 0; 4 Responses were a 5-point Likert scale; 5 Mean from seven questions with the same five
response categories that classified respondents into a spectrum of regulatory style: amotivation (1), external
motivation (2), introjected motivation (3), identified motivation (4), intrinsic motivation (5).

3.4.1. Self-Determination Theory

Overall, relatedness and regulatory style did not differ pre to post. However, change in relatedness
was different depending on ethnicity group (time by ethnicity interaction: F = 5.33, p-value = 0.007)
with Hispanic students significantly increasing in mean relatedness from 2.82 (standard error [SE] = 0.28)
at pre to 3.21 (SE = 0.28) at post (Figure 4). Non-Hispanic students and those students who were not
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sure of their ethnicity did not differ in mean relatedness from pre to post. Change in relatedness did
not differ among other available demographic characteristics and change in regulatory style was not
different among any demographic groups.

(a) (b) 

Figure 4. Interaction plots for (a) relatedness by time and ethnic group (n = 78; averaged over levels of
school, sex, race, how a student eats lunch, farm experience, garden experience, and cooking frequency)
and (b) food waste question (“I feel that one person’s food waste is bad for the environment”) by
time and race group (n = 78; averaged over levels of school, sex, ethnicity, how a student eats lunch,
farm experience, garden experience, and cooking frequency).

3.4.2. Food Systems and Food Waste Knowledge and Attitudes

Overall, only one of the food waste knowledge and attitudes measures was significantly different
pre to post: “I feel that one person’s food waste is bad for the environment.” In addition to increasing
overall, the change in response to this question differed by student race with white students increasing
from 3.62 (SE = 0.14) at pre to 4.00 (SE = 0.14) at post (contrast p-value < 0.001; Figure 4). Students in
non-white race categories were combined due to sample size and did not differ in response from pre to
post. Natural resource knowledge was not significantly different pre to post overall or within each school
group. However, while both schools had similar natural resource knowledge at pre, the two schools
were significantly different at post (contrast p-value = 0.028). School A increased in natural resource
knowledge from 3.51 (SE = 0.26) at pre to 3.71 (SE = 0.26) at post, where School B decreased from 3.33
(SE = 0.27) at pre to 3.18 (SE = 0.27) at post. Food packaging knowledge and the two remaining food waste
knowledge and attitude measures did not change significantly pre to post overall or by any of the
available demographic characteristics.

3.5. Plate Waste

A total of 1596 plate waste observations occurred across the six data collection dates between
the baseline (pre-intervention) time point and the five month follow-up. Frequencies for selection
and estimated marginal means for consumption in the intervention and control groups at each of the
six time points are provided in Figure 5. Analyses focused specifically on the differences between
intervention and control groups at pre-intervention (n = 256), immediately post-intervention (n = 236),
and the five month follow-up (n = 286). Across the six time points, participants were 43% female and
57% male. Approximately 37% of participants were in sixth grade (intervention group), 36% were in
seventh grade (control group), and 27% were in eighth grade (control group).

Logistic regression results are provided in Table 5. At baseline, the odds of students selecting
vegetables was significantly higher in the control group (35.9% selection) compared to the intervention
group (22.5% selection). Immediately post-intervention, the intervention group increased their
vegetable selection by 29.3 percentage points and differences between groups were no longer significant.

Two-way ANCOVA results for food consumption and food waste at baseline, post-intervention,
and five month follow-up are provided in Table 6. While two-way interactions between condition
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and time point were not significant (across all six time points) for any food consumption or food
waste variables, some differences between experimental groups were observed at specific time points.
The estimated marginal means for the average consumption of vegetables was significantly lower
in the intervention group (47.1%) compared to the control group (71.8%) at baseline. The estimated
marginal means for the average consumption of fruit were significantly higher in the control group
(57.9%) compared to the intervention group (44.0%) at baseline.

The estimated marginal means for the average hot vegetable waste were significantly higher in the
intervention group (26.4 g) compared to the control group (6.1 g) at baseline. There were no significant
differences in salad bar vegetable waste between conditions at pre- and post-intervention time points,
but at five month follow-up, the control group (on average) wasted significantly more vegetables from
the salad bar. There were no significant differences in salad bar fruit waste between conditions at pre-
and post-intervention time points, but at five month follow-up the control group (on average) wasted
significantly more fruit from the salad bar.

For School B, there were no significant differences in vegetable consumption between the control
and intervention groups at baseline, the first post intervention assessment, nor the five month follow
up assessment. On the other hand, School A had a significant difference in vegetable consumption at
baseline between the intervention and control group, had no differences at the first post intervention
assessment, and no differences at the five month follow-up assessment. (Stratified analyses by school
not shown in tables or figures.)
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4. Discussion

In this experimental embedded mixed methods study, adolescents who received a food
systems education and promotion intervention increased their vegetable and fruit consumption
relative to baseline, while the control group decreased their vegetable and fruit consumption.
Although the percentage of intervention students selecting a vegetable was less than controls at
the five-month follow-up, intervention students wasted less of the vegetables and fruit that they
selected. These differences in wasted produce were primarily driven by reductions in salad bar fruit
and vegetable waste, likely stemming from the autonomy students have in determining the portion size
of salad bar items. Taken together, these findings suggest that food systems education can positively
influence dietary behaviors among adolescent youth. However, the plate waste outcomes were not
consistent over time with vegetable consumption rates approaching baseline levels three months after
the intervention and then increasing back to the levels achieved at 1-month post intervention once
the food systems cafeteria promotions were implemented. This may signify the waning influence of
the classroom intervention over time, that was later bolstered by the food systems promotions at the
end of the year. These changes over time suggest the need to find ways to reinforce the classroom
curriculum messages throughout the school year.

The current study findings complement previous literature exploring the relationship between
young people’s interests in sustainable food systems and diet quality and extends this connection
to younger adolescents. Robinson-O’Brien et al. reported that people aged 15–23 years who valued
at least 2 alternative agriculture practices, such as locally grown, non-processed, or organic foods,
were more likely than their peers to have a dietary pattern consistent with the Healthy People 2010
objectives [15]. Similarly, Pelletier et al. concluded that young adults (mean age 21.9 years) who
place a higher importance on alternative food practices consumed 1.3 more servings of fruits and
vegetables, more dietary fiber, fewer added sugars and sugar sweetened beverages, and less fat relative
to their peers who placed low importance on these practices [16]. The findings from the current study
illustrates that a sustainable foods intervention can promote improved diet quality and reduced food
waste among a younger population and used an objective dietary assessment method.

The present study findings contrast with the findings of Goldberg et al.’s study on
a communications campaign intervention that focused on the overlap between healthy eating and
eco-friendly behaviors aiming to improve the quality of foods brought from in packed lunches among
3rd and 4th graders [39]. The authors found no significant changes in the quality of lunch food
brought from home and were unable to conclude that classrooms were an effective tool to facilitate
changing the school meal related behaviors [39], whereas the present study was able to leverage
classroom experiences in the school cafeteria. It is likely that the relationship between healthy eating
and environmental sustainability was too complex to be effectively transmitted from classroom teachers
to children to parents, and it is also possible that the adolescents in the present study may be a more
developmentally appropriate audience to understand this complex relationship than elementary
school students.

Traditionally adolescent behavioral nutrition interventions have utilized health or nutrition
education to change dietary behavior, but have shown little effectiveness in this age group [40].
The current study used food systems education, using an approach informed by the self-determination
theory [41], to influence adolescent behavior. The intervention provided opportunities for students to
engage in conversations and activities with their peers to discuss issues related to planetary health,
taught students that individual’s food decisions have important consequences, and reminded them
that they have the power to change their own behaviors. These food systems concepts complement
the underlying tenets of the self-determination theory: relatedness, competence, and autonomy.
These concepts may also appeal to the increased concern for social justice that is often experienced
during adolescence [42,43], further fostering intrinsic motivation to improve dietary behaviors.
The teachers in the present study supported these constructs, universally viewing the food system
lens as a developmentally appropriate strategy to influence adolescent eating and wasting habits.

176



Nutrients 2019, 11, 1869

In addition, students successfully created a variety of relevant messages after being exposed to food
systems education, also demonstrating their level of understanding of this important topic and that
6th grade is an appropriate age for food systems interventions.

The relationship between healthy eating habits and food waste reduction is complicated,
as messages to reduce waste could potentially have unintended negative consequences, such as
increasing portion sizes and ignoring satiety cues. In the present study, the measured food environment
exclusively consisted of food served through the National School Lunch Program, which meet
strict nutrition standards. Thus, increases in consumption of these foods may be viewed favorably.
Additionally, selection and consumption were measured as a percentage and do not necessarily indicate
that an increased amount of food was selected or consumed, particularly since portions of salad
bar items were self-selected. In the present study, significantly more control students a vegetable,
while intervention students wasted significantly less vegetables and fruit from the salad bar at the
five-month follow-up. These findings suggest that the differences in dietary behaviors are unlikely to be
explained by overeating behaviors and are more likely attributed to intervention students being more
selective about what and how much food they put on their trays. Taken together, this study underscores
the importance of reporting the amount of food wasted, not just selection or consumption percentages.

The feasibility of classroom-based farm-to-school programs has previously been questioned [23].
Yet, the teachers in the current study reported that the intervention was feasible and acceptable,
as evidenced by their continuation of the intervention without researcher involvement the following
year. Teachers viewed the freedom to adapt the lesson to their classroom as essential to feasibility and
acceptability. However, these adaptations resulted in important differences in how the curriculum
was implemented between schools, and these differences impacted student intervention experiences.
The school-level differences in poster themes across schools and differences in the natural resources’
knowledge scores mirror the variation in intervention implementation. The lack of significant
differences in vegetable consumption between the intervention and control groups at School B also
suggest that the desirable changes in vegetable consumption and waste for the overall sample were
primarily driven by School A, which also corresponds to the implementation differences on the cafeteria
waste unit. These findings demonstrate the importance of incorporating intervention fidelity measures
and other implementation metrics in school-based nutrition research.

This study also has important limitations to consider. First, the plate waste data uses controls
that are 1–2 years older than the intervention participants. This age difference is consequential due
to the likelihood of the older students experiencing increased growth velocity that occurs during
puberty. Subsequently, we believe our consumption and waste estimates are conservative given that
older children are likely to eat more and waste less relative to younger children. Second, we were
unable to conduct plate waste on the same menu days throughout the year. While this does not impact
comparisons between comparison and control groups, it makes it difficult to assess trends over time.
Third, our implementation assessment only included qualitative measures. Quantitative measures
would have allowed us to compare implementation indices relative to other published literature.
Fourth, some of the classroom survey scales had poor internal consistency and were not included in
our analyses. This may be a consequence of the interrelated nature of food systems concepts, making
it difficult to differentiate sub-sections from one another. Fifth, the classroom survey, in particular,
had low sample size. This limitation may have contributed to the inconsistencies in the survey findings,
such as only 1 of the 3 food waste questions showing significant change. Finally, we did not include
any academic outcome measures. Little is known about how nutrition and food systems education
impact academic outcomes [44,45]. In order for more schools to incorporate these topics into their
curricula, more evidence is needed to link to educational outcomes [23,45]. The teachers in our study
were motivated by the high quality writing and group activity assignments submitted by their students
during the intervention; this perceived impact on student academic performance likely influenced the
teachers’ desire to continue the program without researcher support. Quantitative evidence on the
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impact to academic outcomes may facilitate widespread adoption of a food systems curriculum in
middle schools.

5. Conclusions

Adolescence is an ideal developmental period for food systems education. Our study demonstrated
that food systems education implemented by science teachers can be used to improve fruit and vegetable
consumption and wasting behaviors during school meals. Further, teacher freedom to adapt the lessons
was viewed as essential for intervention feasibility and acceptability, but the adaptations hindered
implementation fidelity. Additional research is needed to understand the impact of food systems
education, particularly food waste reduction messages, on food served outside of the National School
Lunch Program, such as desserts and other energy-dense foods. Future studies should also examine
academic outcomes to aid widespread incorporation of food systems concepts into school curricula
and investigate strategies to reinforce food systems concepts after the classroom instructions end to
promote long-term dietary change.
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