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Abstract

Primary schools contribute to promoting healthy eating behaviour and preventing overweight and obesity by providing nutrition education.
Research highlights the importance of improving teachers’ programme implementation to enhance intervention effectiveness. An integrative
approach has been suggested to reduce time barriers that teachers currently experience in teaching nutrition. This scoping review explores use
and effectiveness of integrative teaching in primary-school-based nutrition education programmes. Six databases were searched for primary-
school-based interventions on nutrition education. Papers reporting on integration of nutrition topics within core curriculum were included.
Abstracts and full texts of potentially relevant articles were screened to determine eligibility. Next, data were extracted and tabulated.
Findings were collated and summarised to describe intervention characteristics, subject integration and effectiveness of the included pro-
grammes. Data describing integration of nutrition into the primary school curriculum were extracted from 39 eligible papers. Nutrition education
programmes often involve lessons about food groups and are frequently embedded within the mathematics, science or literacy syllabus.
Although articles report on the integration of nutrition, the use of this approach was not commonly described in detail. Only seven papers
discussed student outcomes related to the integration of nutrition education within core subjects. The ability to draw strong conclusions about
school-based nutrition intervention effectiveness is limited by the current lack of programme description and methodological issues. Hence,
more research is warranted to inform evidence on effectiveness of integrative nutrition education for both teacher and student outcomes. Future
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studies that include greater detail regarding the integrative approach are needed.
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Introduction obesity-related conditions later in life™”. Dietary risk factors such
During infancy and childhood, optimal eating patterns can pro- as the consumption of sugary drinks, frequent snacking on high-
mote healthy growth and development®, and potentially energy dense foods, and consuming large portions all contribute
improve school performance®®. Consuming a poor diet from to a positive energy balance®®. In contrast, increased consump-
a young age has been associated with an increased risk of tion of fruit and vegetables is associated with more positive
becoming overweight or obese and the development of health outcomes, including lower risk of cardiovascular disease

Abbreviations: BMI, Body mass index; C, Control; CRCT, Cluster randomised controlled trial; I, Intervention; K, Kindergarten; MLM, Mastery learning model;
NE, Nutrition expert; NR, Not reported; NS, Not specified; PCDT, Piaget cognitive development theory; PS, Primary school; QE, Quasi-experimental;
RCT, Randomised controlled trial; RM, Repeated measures; RT, Resiliency theory; SCT, Social cognitive theory; SD, Standard deviation; SDT, Self-determination
theory; SEM, Social ecological model; TNR, Teacher delivery with training not reported; TPB, Theory of planned behaviour; TRM, Teacher delivery with role model
training; TT, Teacher delivery with extensive training; UK, United Kingdom; USA, United States of America.
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and some types of cancer”®. Promoting healthy eating habits
among children is therefore essential, particularly as research
indicates that a child’s eating behaviours and patterns might per-
sist into adolescence and adulthood®'V.

Research suggests that nutrition education during childhood
plays a key role in establishing healthy eating behaviours that
continue as the child ages"'?. The school environment has been
proposed as an ideal setting to provide education about a
healthy lifestyle and healthy eating practices at an early life
stage>17_ Previous reviews have outlined the effectiveness
of health-promoting school programmes on several outcomes
such as healthy eating behaviour, nutrition knowledge and body
mass index (BMD%18-22 A Cochrane review reported a small,
but clinically significant, BMI reduction in children aged 6-12
years receiving nutrition education in combination with physical
activity interventions'?. Although the above shows the potential
of nutrition education for supporting primary school children’s
healthy lifestyle, research highlights the need for better imple-
mentation of future programmes into the regular school
curriculum@318.19),

Instead of implementing interventions that are resource
and time intensive, and that lack long-term sustainability, future
nutrition education interventions need to be developed such
that they can be incorporated into usual teaching practices
and operate within school systems and structures(&19:23.29
Multiple studies investigating barriers to implementing nutri-
tion lessons concluded that fitting these lessons into the school
timetable is challenging®-3% | with core curricular subjects pri-
oritised?029:32)_This is particularly evident in primary schools
where one teacher teaches several school subjects. In a survey
conducted by de Vlieger et al. (2019), 80 % of participating pri-
mary school teachers indicated a lack of time as the main barrier
for teaching nutrition®®. This time constraint makes it hard to teach
nutrition as a stand-alone school subject®”, and thus the focus
should be shifted to the integration of nutrition curricula into other
subjects such as mathematics, English and science?”93%_ This inte-
grated approach would have a minimal effect on the amount of
time spent on core subjects and therefore could overcome this
barrier to implementing healthy eating interventions?’?,

Although the integration of nutrition education with standard
curricular subjects has been suggested in previous research, it is
unclear how this approach has been used in interventions and
whether it has been proven effective. To the best of the authors’
knowledge, the effectiveness of integrated nutrition education
programmes has not been reviewed before. This scoping review
aimed to provide an overview of the current research on teaching
practices and effectiveness of primary-school-based interventions
that use an integrated approach to implement nutrition education
programmes into core learning areas within the curricula.

Methodology
Study design

A scoping review was determined as the most appropriate
method given the broad study aim of exploring a topic that
includes a range of study designs and outcome measures.
Scoping reviews are commonly undertaken to examine the
extent, nature and range of research activity, to summarise and
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Table 1. Search terms and fields used to conduct a scoping review on the
integration of nutrition education into the primary school curriculum

# Search terms Field

1 (child* or “school-age*” or student*) Abstract

2 (“primary school” or “elementary school” or educat* Abstract
or curricul* or syllabus or teach* or class* or
“school-based”)

3  (nutriti* or food or diet* or “health* eat*” or cook* or Abstract
recipe*)

4 (integrat* or combine or “cross-curricul*” or Full text
“cross-disciplin*” or interdisciplin* or “inter disciplin*”
or multidisciplin® or “multi disciplin®*” or embedd*)

5 1t1and2and3and4

6  (animal* or nurs* or pregnan* or patient* or adult* or Abstract

breastfe* or healthcare or “health care” or agricultur*
or anaemia or anemia or neuro* or cardiovascul* or
infection or disorder or infant or chemical* or smok*
or gene* or pharma* or sick or disab* or capit* or
dental or violen* or univers* or midwif* or matern*
or mother* or “oral health” or undergrad* or injur* or
hypertensi* or “medical student*” or inflamma* or
hospital or HIV or biomark* or cultur* or oncology or
medicine or “food security” or “food insecurity” or
sustainab*)

7 5not6

disseminate research findings and to identify research gaps®”.
This type of review allows for mapping of existing literature on inte-
grative nutrition education and provides a comprehensive picture
of the research area. This scoping review followed the Joanna
Briggs Institute Reviewer’s guidelines to ensure transparency in
the reporting of our findings®®. The manual is based on the meth-
odological framework proposed by Arksey and O’'Malley®>, which
was later updated by Levac, Colquhoun and O’'Brien®”, and further
refined by Peters ef al. in 2015°%,

Search strategy

Six databases, Medline, CINAHL Complete, Embase, Scopus,
EBSCO Megafile Ultimate and Eric, were searched in May
2019 using relevant search terms to identify studies integrating
nutrition into the primary school curriculum (Table 1). The
search was not restricted by date of publication.

Eligibility criteria

Types of participants. Participants included in the studies com-
prising this review were primary or elementary school children.
As such, eligible articles needed to report on student-related
outcomes. Studies conducted with children from various school
levels, including primary school classes, were considered eli-
gible. Interventions with middle-school students only were not
included since the teaching structure may differ from that of pri-
mary school students. Studies specifically focusing on children
with learning disabilities were excluded, as we were interested
in studies representing general populations.

Concept. Programmes integrating healthy eating or nutrition
education with curricular learning areas were included. Educational
interventions, programmes, resources or approaches were only eli-
gible if they included a nutrition or healthy eating component.
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Examples of nutrition-related topics are the intake of fruit and veg-
etables, sugary drinks, types of fat, portion size or nutrition labels.
Studies were excluded if their focus was not on nutrition or healthy
eating. General subjects such as health, home economics, life ori-
entation, food chain or web, farming, food processing and food
safety were not included as they target health- or food-related topics
rather than nutrition-related topics. Furthermore, providing stu-
dents with breakfast, fruit and vegetables, or other foods was not
considered as nutrition education unless the intervention specifi-
cally targeted education concerning those food items. School-gar-
den and cooking programmes were excluded if they involved
hands-on gardening and food preparation tasks without a nutrition
education component.

Integrated teaching was defined as an approach to teach a
certain topic by embedding it across different curricular subjects
and supporting the learning of all of them. Many interventions or
programmes focus on multiple topics and target several health-
related outcomes (e.g. physical activity). We screened for studies
that target nutrition education and whether the nutrition compo-
nent had been integrated or not. Studies were excluded when
the healthy eating lessons had been taught parallel to the other
intervention topics or when the lessons were not integrated with
any other core subject.

In the current scoping review, only articles embedding nutri-
tion content in core curricular subjects were eligible. Core cur-
ricular subjects included, but were not limited to, language
arts, mathematics, literacy, science, social studies and physical
education. As research shows that teachers have limited time
available for subjects other than the core subjects, these will
likely be prioritised over healthy eating or nutrition educa-
tion?®27_ Integrating lessons on healthy eating with non-core
subjects would not reduce this time constraint. We therefore
decided to exclude interventions that were integrated into a
health-related curricular subject (e.g. home economics, life ori-
entation, health, etc.). Other subjects which we did not con-
sider core subjects included arts and crafts, music and theatre.

A clear distinction must be made between incidentally and
explicitly integrated programmes. Teaching strategies that were
incidentally connected to the learning of other subjects were
those where other curricular concepts were present, but where
there was no indication that the intention was for students to
learn about these concepts®®. This type of integration was
not included in the current review. Solely studies in which the
research team had described linking nutritional topics and the
learning of other curricular subjects (explicitly integrated) were
included.

Context. The nutrition education programmes had to be deliv-
ered through the primary school curriculum and involve class-
room teaching or a curricular component (e.g. after-school
programmes were excluded). Studies using multiple interven-
tion components or whole school approaches were considered
eligible, as long as one of the intervention components included
nutrition education. This highlights the explorative nature of the
current scoping review.

Types of sources. The current review screened for peer-
reviewed journal articles. This ensured that we only included
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evidence-based literature that involved nutrition education pro-
grammes that had been rigorously evaluated. Sources such as
book chapters, conference proceedings, correspondence letters,
dissertations and abstracts only were excluded. Additionally,
searches were limited to English text only.

Note: Eligibility criteria for study designs and type of outcome
measures were not defined, as this is a scoping review and only a
small number of articles were expected after screening.

Study selection

After the initial search was completed, all studies identified were
uploaded to Covidence, and duplicates were removed by the
lead author. Subsequently, study selection was based on meet-
ing the inclusion criteria described above. To determine whether
an article was included or excluded, all titles and abstracts were
screened by two independent reviewers. When unclear as to
whether an article was eligible for the review based on solely
the title and abstract, the full-text article was examined.
Disagreements were resolved by a third reviewer.

Full-text articles were obtained for all potentially relevant
studies and then screened by the lead author and a second inde-
pendent reviewer. In contrast to the title and abstract screening,
conflicts resulting from the second round of screening were
solved by discussion between the reviewers. Reference lists of
reviews and all included articles after the initial round of full text
screening were examined to identify additional relevant articles
that would meet the inclusion criteria.

Data extraction

Data were extracted from the full-text papers included in the
scoping review via a standardised data extraction process by
the lead author. Where available, the following information
was extracted and tabulated (Table 2):

* Programme name, authors, year of publication, country of
study, study design, study population (e.g. sample size,
age, grade level) and intervention length

* Lesson frequency and duration

* Nutrition-related topics

* Curricular integration

* Lesson delivery and teacher training

* Theoretical framework

Data on the intervention components (e.g. curriculum, parental
involvement) and integration related findings were not tabulated,
but summarised in text. Findings were organised and reported in
multiple ways, including a descriptive numerical analysis to illus-
trate the extent, distribution and nature of the included studies,
and a narrative summary to provide a more in-depth description.

Results
Study selection

Fig. 1 illustrates the study selection process. The initial search
through all databases retrieved 4675 records. After duplicates
were removed, a total of 3328 records were identified for title
and abstract screening. Following title and abstract screening
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Table 2. Programmes including a nutrition education component that is integrated into the primary school curriculum

Paper (author, Study Intervention length/ Delivery/
Programme Study? year, country)® design Population® lesson frequency Nutrition-related topics/concepts Curricular integration®  training Theory
A Pilot Programme for 1 Taylor etal. QE PS 2 years Sugary drinks, fruit and vegetables Science NR NR
Lifestyle and (2006), New (n=1384), aged 5-12 NR
Exercise (APPLE) Zealand™ years, mean age 8.0 +
1.7 (1), 79+1.5(C)
years (data at 1 year)
Taylor et al. PS
(2007), New (n=469) aged 5-12
Zealand™ years, mean age 7-7 +
McAuley et al. 1.8 (1), 77 + 1-6 (C)
(2010), New years
Zealand™
Boss’ Healthy 1 Pittman et al. QE K-4th grade 8 weeks Importance of nutrition, general infor- Literacy TNR NR
Buddies (2018), USAGY (n=1710), age NR 8 lessons, 1x week, mation of certain foods and their Mathematics
20 min proper proportions and daily serv- Science
ings, and ‘Go, Slow, Whoa' foods Social studies
Bring some fruit to 1 Panunzio et al. CRCT 4th grade 36 weeks Macronutrients, micronutrients, diges-  Mathematics TT or NE NR
school/Porta la (2007), Italy@" (n=471), mean age 9.7 + NR tion, nutritional needs in the school Geographyt
frutta a scuola 0-4 (teacher 1), 96 + age, obesity
0-3 (nutritionist |) years
California 5 a Day- 1 Foerster et al. QE 4th and 5th grade 8 weeks Fruit and vegetables Social science TT RT
Power Play! (1998), USA®2) (n=2684), age NR 14 lessons Language arts SCT
Mathematics
2 Keihner et al. CRCT 4th and 5th grade 8 weeks Fruit and vegetables English language arts  TT RT
(2011) USA(©3) (n=1154), aged 8-12 10 lessons*, 50 min Mathematics SCT
years, mean age 10 +
0-7 years
Children’s Health, 1 Fairclough etal. CRCT 6th grade 20 weeks Energy balance, macronutrients and Physical education TT SCT
Activity and (2013), UK (n=206), aged 10-11 20 lessons, 1x week, eating behaviour Science
Nutrition: Get years 60 min Mathematics
Educated! English
(CHANGE!) Project History
Geography
Eat Well and Keep 1 Gortmaker etal. QE 4th and 5th grade 2 academic years Fruit, vegetables and fat Mathematics TT SCT
Moving (1999), USA®8) (n=336), mean age 92 13 lessons* per year Science
(1), 9-1 (C) years (+ 5 in second Language arts
year for some Social studies
schools), 50 min Physical education
Food, Health & 1 Burgermaster CRCT 5th grade 1 academic year Fruit and vegetables, sugary drinks, Science NE SCT
Choices etal. (n=1159), mean age 23 lessons, 40-45 snacking, fast food and energy bal- SDT
(2017a), USAGH 10-6 + 0-6 years min, first 12 bi- ance
Burgermaster 5th grade weekly, 5 once a NE
etal. (n=1387), mean age 10 month, final 6 bi-
(2017b), USA® years weekly
Koch et al. 5th grade TT & NE co-
(2019), USA®2) (n=769), mean age 10-6 instructed
+0-6 years lessons

¥81
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Table 2. (Continued)

Paper (author, Study Intervention length/ Delivery/
Programme Study? year, country)® design Population® lesson frequency Nutrition-related topics/concepts Curricular integration®  training Theory
FoodMASTER 1 Duffrin et al. QE 3rd grade 1 academic year Measurement, food safety, vegetables, Science TT NR
(2010), USABY (n=178), mean age 85+ 45lessons, 1 h fruit, milk and cheese, eggs, fats, Mathematics
0-8 years grains, meat, poultry, fish and meal
management
2 Hovland et al. QE 4th grade 1 academic year Measurement, food safety, vegetables, Science TT NR
(2013), USA“9) (n=580), mean age 10-1 24 lessons, 45 min fruit, milk and cheese, eggs, fats, Mathematics
+0-6 (), 9-9 £ 0-8 (C) grains, meat, poultry, fish and meal
years management
Roseno et al. 4th grade NR
(2015), USA®“") (n=482), mean age 10-1
+0:6 (), 9.9+ 08 (C)
years
Carraway-Stage 4th grade PCDT
et al. (n=473), mean age 10-0
(2015), USAGY +0:6 (), 9.9+ 05 (C)
years
Carraway-Stage 4th grade NR
et al. (n=438), mean age 10-0
(2018), USA“® +06 (), 99+ 1.1 (C)
years
Integrated Nutrition 1 Auld et al. QE K-5th grade 2 academic years Grains, fruit and vegetables, Food Mathematics NE SCT
Program (INP) (1998), USA“3) (n=685), age NR (yearly cohorts) Guide Pyramid, 5 A Day Science PCDT
24 lessons each year Literacy
(cohort), 1x week Social studies
2 Auld et al. QE 2nd, 3rd and 4th grade 16 weeks Fruit, vegetables and Food Guide Mathematics TT & NE alter- SCT
(1999), USA“4 (n=647), age NR 16 lessons, 1x week Pyramid Science nating PCDT
Literacy
Social studies
Integrated Nutrition 1 Belansky et al. QE 2nd and 3rd grade 2 years Fruit and vegetables, fats, vitamins, Science TRM or NE SCT
and Physical (2006), USA®“") (n=530), age NR 18 lessons, 1x week grains, Food Guide Pyramid Literacy PCDT
Activity Program Puma et al. 2nd and 3rd grade Mathematics NE
(INPAP) (2013), USA“2 (n=308), age NR
Nutrition to Grow On 1 Morris et al. QE 4th grade 17 weeks Nutrient classes, Food Guide Pyramid, ~Mathematics NE SCT
(2002a), USA®4 (n=215), age NR 9 lessons, 1x serving sizes, food labels, goal set- Science
Morris and 4th grade bi-weekly ting, consumerism, and healthy Language arts
Zidenberg- (n=205), aged 9-10 snack making
Cherr years
(2002), USA®)
Morris et al. 4th grade
(2002b), USA®) (n>200), age NR
School Nutrition 1 Foster et al. CRCT 4th, 5th and 6th grade 2 academic years NS (food and nutrition education) Mathematics TT NR
Policy Initiative (2008), USA(®9) (n=844), mean age 11-:2 50 h per school year Literacyt
(SNPI) +1.0 years
Shaping Healthy 1 Linnell et al. RM 4th grade 1 academic year Physiological roles of nutrients, mea- Mathematics TT SCT
Choices Program (2016), USAG® (n=173), age NR 13 classroom activ- surements and serving size, MyPlate English language arts PCDT

(SHCP)

ities

recommendations, Nutrition Fact
Labels, consumerism and choosing
healthy foods

Science

wWN[NOMIND 3]} SSOIOE UONIINN

S8l
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Table 2. (Continued) X
Paper (author, Study Intervention length/ Delivery/
Programme Study? year, country)® design Population® lesson frequency Nutrition-related topics/concepts Curricular integration®  training Theory
2 Scherr et al. CRCT 4th grade 1 academic year Physiological roles of nutrients, mea- Mathematics NE SEM
(2017), USAGN (n=409), aged 9-10 15 lessons, 20 h* surements and serving size, MyPlate English language arts SCT
years, mean age 9-5 + recommendations, Nutrition Fact Science
0-4 (), 96 £ 0-4 (C) Labels, consumerism and choosing
years healthy foods
Taylor et al. 4th grade
(2018), USAG® (n=118), age NR
Smart Nutrition and 1 Jakubowski et al. QE 2nd grade 8 weeks Five food groups (MyPlate nutritional Physical education NE NR
Conditioning for (2018), USA®9) (n=70), age NR 16 lessons, 2x week, model), fats, calories, fibre, sodium,
Kids (SNACK) 40-45 min calcium, energy expenditure
Program
The CHILDREN study 1 Angelopoulos CRTC 5th grade 1 year Fruit and vegetables Physical education TT TPB
et al. (n=646), mean age 10-3 1-2 h per week Science
(2009), Greece!™® +0-4 (I), 10-3 £ 0-4 (C) Environmental
years classest
Tools for Feeling 1 Tilles-Tirkkone QE 5th and 6th grade 6 months Healthy eating patterns, regular meal Biology TT SDT
Good etal. (n=1334), aged 10-13 11 lessons, 45 min frequency, vegetable consumption Mother tonguet
(2018), Finland™® years and sugar-sweetened beverages
No programme name: 1 Meyers and QE 5th grade 3 weeks Nutrients, meal planning Science TT NR o
Nutrient approach Jansen (n=94), age NR 15 lessons, 1x day, )
(1977), USAG® 40 minutes =
No programme name: 1 Tinsley et al. CRCT 5th and 6th grade 4 months Food nutrient-density, US Dietary Science TT NR £
Nutrition-fitness (1985), USA®“6) (n=903), age NR 20 lessons* Guidelines and Five Food Groups, Physical education 3
impact of food and nutrition on health Mathematics o
Language arts &
Social studies Q
No programme name: 1 Wall et al. CRCT 4th grade 3-5 weeks Vegetables Mathematics NE NR N
Vegetable interven- (2012), USA®") (n=2231), mean age 9-3 4 lessons =
tion + 05 years
No programme name 1 Devadas et al. QE 3rd, 4th and 5th grade NR Importance of protective foods English/Tamil TT or NE NR
(1975), India™® (n=100), age NR Science
Geography
History
Mathematics
No programme name 1 Francis et al. CRCT 6th grade 1 month Food groups, sources of nutrients and ~ Numeracy TT MLM
(2010), Trinidad (n=472), mean age 10-2 NR types of food, sugar, salt and fat Literacy
and Tobago(®? +1.0 (1), 106 £ 1-2 (C)
years
No programme name 1 Head QE 5th, 7th and 10th grade 5 months NS (nutrition education) Reading TT NR
(1974), USA“0) (n + 4700), age NR NR Mathematics
History
Science
No programme name 1 Johnston et al. CRCT 2nd grade 2 years Fruit and vegetable consumption, English language arts TT or TT NR
(2013), USA®) (n=629), aged 7-9 years 50 lessons, 1x week water, sugary beverages, healthy Mathematics assisted by
snacks, low-fat dairy, healthy break-  Science trained
fast, appropriate portion sizes Social studies health
profession-

als
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Programme, study and article characteristics

All thirty-nine of the included articles are presented in Table 2,
and grouped by intervention programme to provide a complete
overview of the literature. Table 2 provides a detailed description
of the programme characteristics per study including author(s),
year, country, study design, target population, intervention
length, lesson frequency and duration, nutrition-related topics,
curricular integration, intervention delivery, teacher training
and theories used. Note that the characteristics were grouped
at different levels throughout the text, including programme,
study and publication level (Table 3). The final sample included
eleven cluster randomised controlled trials, fifteen quasi-exper-
imental trials and two repeated measures/pre—post trials. Papers
on nutrition integration were published as early as 197447,
There seemed to be a publication gap between 1985 and
1998, with the topic becoming increasingly popular from 2009
until now. The nutrition programmes were conducted in eight
different countries, with most being conducted in the USA
(17 out of 24)3140-® 1ncluded studies almost solely examined
primary school aged children, with only one study investigating
outcomes related to higher educational stages“?®. Except for the
number of participating students in this study, all data were
extracted from the primary school grades only. Integrative nutri-
tion education interventions were developed for a variety of
school settings such as single grades, multiple grades or whole
primary or elementary schools. These programmes most often
targeted fourth or fifth grade students (7 = 13 and n = 12, respec-
tively). The longest intervention length was 2 years, compared
with the shortest intervention trial of 3 weeks. Additionally,
twelve studies included only an education intervention compo-
nent(10:45:47-51,58,59.63.67.69-72) '\ hjlst sixteen studies were part of a
larger intervention involving multiple components (e.g. school
garden, school policies, parental involvement, school can-
teens) 31 41-44:46,52-57.60-62,64-66.68,7371) Across all twenty-four pro-
grammes, half (z=12) did not report using a theory that
supported the students’ learning. Others included at least one
theory such as the social cognitive theory (72 = 8), Piaget cogni-
tive development theory/constructivist learning theory (12 =4),
self-determination theory (72 = 2), theory of planned behaviour
(n=1), social-ecological model (n=1), resiliency theory
(n=1), and mastery learning model (7 =1).

Integration of nutrition education

Nutrition topics. Of twenty-four intervention programmes, two
did not specify the nutrition topics covered in their nutrition edu-
cation programme“%99_ The remaining programmes described a
wide variety of nutrition topics such as fruit and vegetables,
nutrients, sugary drinks, nutrition labels, snacking, energy bal-
ance, dietary guidelines, meal planning/management, portion/
serve sizes and more. These topics can be clustered into nine
main domains (nutrients, food groups, meal management,
energy balance, nutrition labels, nutrition functions and lifestyle
diseases, sugary drinks, portion/serve sizes and healthy eating
choices). Several studies included more than one of these
domains in their intervention. The majority of interventions
focused on teaching students about food groups (12=16),
amongst which the fruit and vegetables group was most popular.
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In contrast, the domains on energy balance, nutrition labels, sug-
ary drinks and portion/serve size were reported least frequently
(n <4 for each domain).

Curricular integration. The included programmes reported
integrating nutrition education with one or more subject areas
(ranging from one to six). The dominant subjects for nutrition
integration were mathematics (12 = 17), science (n = 16), literacy
(n=16) and social studies (17 =06). A detailed description of the
learning outcomes for each subject area or the integrative
approach was frequently missing. Ten out of thirty-nine papers
defined how the nutrition content and core curricular subjects
were integrated(41:45:47:49,5059.01.03.67.69 For example, one of the
articles on the FoodMASTER initiative outlined the specific nutri-
tion-related topics and curricular integration with the science
standards for each lesson using an overview table®”. Another
study by Jakubowski et al. (2018) described an example lesson
illustrating its integration of nutrition and physical education to
improve students’ dribbling skills and knowledge on proteins®.
In terms of reasoning for using an integrative approach, slightly
under half of the articles justified the curricular integration of
nutrition and other subjects3141:43-4547-52.61.64097270) Frequently
used explanations included nutrition topics providing a relevant
context for the students to learn about core subjects@4447-52),
improving outcomes related to both nutrition and academic
standards@1 4145485069 and the lessons being appealing to
teachers@143.4448.60) by [imiting time demands®010479 and not
competing with core subjects345:49.01.09.72)

Lesson frequency and duration. The lesson frequency and
duration between the interventions differed greatly. The number
of lessons provided to students varied from four to fifty lessons
across varying intervention lengths. However, some studies did
not specify the lesson frequency and/or duration. Due to the lack
of detail on the lesson frequency and duration, no estimation on
the average lesson frequency and exposure to nutrition educa-
tion for all the included studies can be obtained. For the ten inter-
ventions that did report on the number and duration of the
nutrition lessons, the estimated hours that the students were
exposed to nutrition education was on average approximately
24 h (range 2-7-100 h).

Intervention delivery and teacher training. Interventions
were delivered by the classroom teacher (12 = 17 studies), nutri-
tion expert (n = 6 studies), or both classroom teacher and nutri-
tion expert (n=4 studies), or intervention delivery was not
reported (n=1 study)7>7>. When both classroom teacher
and nutrition expert were involved, this meant that they either
provided the lessons together, alternated the lesson delivery,
or the classroom teacher and nutrition expert were compared
between study arms. Except for two studies®#>, classroom
teachers were provided with training to implement the nutrition
lessons. Professional development workshops or training ses-
sions were often scheduled prior to implementing the lessons
with several studies also supporting the teachers throughout
the implementation phase. The observed intensity of these
workshops was mixed, with the duration ranging from 1 h to
multiple days.
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Table 3. Intervention characteristics per programme or study Table 3. (Continued)
Total Programme  Study o Total Programme Study
Characteristic (n (n (n Characteristic (n) (n) (n)
Teacher training 21
Country 24 . .
. . Extensive training 18
gp:/teddStates of America 13 Role modelling 1
G/n lan ] Not reported 2
; ;e.ece ] Theory 30+
I;; Ila 1 Social cognitive theory 8
Nel}A// Zealand 1 Piaget cognitive development theory/ 4
Trinidad and Tob 1 constructivist learning
Ul'tl 5 K"a d 05ago 1 Self-determination 2
St 5"3 '”r:g om o8 Social-ecological model 1
L(')ga;se')?peﬂmen tal 15 Theory of planned behaviour 1
) ; ) Resiliency theory 1
gl:;::rtergngggz (sjeragscontrolled trial 1; Mastery learning model 1
Study components 28 Not reported 12
/\C/’U/ﬁpfe 16 * Programme or study included multiple categories.
urriculum only 12
School setting 28
Single grade 15
%‘A”’f’e ar adfs 1; Integration-related outcomes. Both qualitative and quantitative
ole schoo . ' ) 5
Population (school grades) 50% data were obtained from fifteen articles40:41:4344.47-51,59,68-70,72.77),
Fourth 13 Programme evaluations with teachers confirmed that the
‘g Fifth 12 content was integrated with curricular standards as
k3] f_ﬁ;znd (73 intended143:4451.68.72) The majority of the teachers who were
> Sixth 6 asked about the integration perceived this strategy as valuable®?,
o First 3 easy to implement® or feasible®®””, with others commenting
S | tKlndetr_gartlen " 08 3 they noticed a positive impact on their teaching time %,
= miervention feng Several papers reported that the curricular activities were liked
<1 month 3 pap p
% 1-3 months 4 by the teachers and/or students’:%39 However, two articles
o 3-6 months 6 stated that teachers expressed the need for a more explicit con-
5 igtnr)g;grl‘se J 1‘11 nection between nutrition and core subjects®>7?, Where studies
‘S Lesson intensity o8 compared the integrated approach without implementing other
5 <25h 8 intervention components to usual teaching practices, some observed
23 25-50 h 1 positive effects on nutrition-related outcomes such as nutrition
iﬁ?gpo red | ; knowledge 507 or healthy food choices®. Furthermore,
R Nutrition-related topics 64 multiple papers on the FoodMASTER programme provided evi-
Food groups 16 dence for the improvement of academic outcomes including math-
;\\I/Iutr /lents . 12 ematics and science knowledge as a result of the integration™ .
leal managemen
Nutrition functions in the body and lifestyle dis- 7
eases
Healthy versus unhealthy 5 Discussion
Sugary drinks 4
Portion/serve size 4 This scoping review aimed to summarise peer-reviewed pro-
flnefgy blalan;:e g grammes or interventions that were designed to integrate nutri-
Ng;nstggciggs s 5 tion content with core subjects of the primary school curriculum.
Curricular integration 66 Findings highlight that the included studies are heterogeneous in
Mathematics 17 terms of nutrition topics covered, subject integration, pro-
fECIeI;P/e-))I " 18 gramme delivery, intervention components and level of detail
nglish) language arts . . o o .
Litegacy guag 7 provided in the programme description. The majority of studies
Social studies 6 implemented an educational programme on fruit and vegetables
Physical education 5 (food groups) and researchers primarily integrated nutrition with
g}i‘;ggfp hy 2 mathematics, science and literacy. Overall, the effectiveness of
Biology 1 an integrative approach to teach nutrition in primary schools
Environmental classes 1 remains unclear.
Intervention delivery 28
Teacher 17 i .
Resource teacher 6 Nutrition topics
Both 4 . .o . .
Not reported 1 Out of nine nutrition-related domains, teaching about food
groups, and fruit and vegetables specifically, was observed as
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the most popular topic. This is not surprising as many national
nutrition guidelines state the importance of eating a variety of
foods from different food groups, with an emphasis on the con-
sumption of fruit and vegetables”®. A large proportion of chil-
dren and adolescents worldwide do not meet fruit and
vegetable intake recommendations”?-*3 and low intake of fruit
and vegetables is associated with a high risk of mortality and
chronic diseases®. It is therefore essential to continue promot-
ing the consumption and knowledge of the health effects of fruit
and vegetables through nutrition education interventions.

In line with our findings, teachers identified food groups as a
commonly taught nutrition topic in the classroom®®. This is con-
sidered developmentally appropriate and easy to understand for
primary-school-aged children®>
that some nutrition topics are less frequently used in nutrition
education interventions, results from an online survey by de
Vlieger et al. (2019) show that teachers themselves spent less
time on topics such as energy balance, lifestyle diseases, fast
food, salt intake, sugar intake and fat intake®®. Early primary
school children may not be able to comprehend abstract con-
cepts like energy, vitamins or protein®®. Nevertheless, nutrition
topics other than food groups may be just as important given that
large amounts of sugar-sweetened beverages, high-fat foods, fast
food, frequent snacking and large portion sizes are related to
obesity or chronic diseases®%889_ Future studies may need
to provide education on a broad scope of nutrition topics sup-
porting all dietary guidelines and that are age appropriate for
the target population to improve overall healthy eating habits.

. Similar to our observations

Curricular integration

Our findings suggest that nutrition, science, mathematics and lit-
eracy subjects are commonly used for multidisciplinary teaching.
The potential for integrating nutrition into the mathematics and
science syllabus due to a coherent link between these subjects
has been discussed regularly@330:48.8589-92) 1n 1998 James and
Adams highlighted that an integrative nutrition and mathematics
curriculum could contribute to a child’s problem solving, reason-
ing, mathematical connections, and procedural and conceptual
mathematics knowledge. At the same time, it may improve
knowledge and skills related to nutrition and healthy eating®”.
Nutrition concepts can easily be used to contextualise mathemat-
ics and science content, as it provides real-life examples that stu-
dents can relate to748929% Findings from the FoodMASTER
initiative provide evidence for the positive association between
nutrition, mathematics and science knowledge“®. Since aca-
demic achievement tests in mathematics, literacy and science
are often mandatory, instruction time on these core subjects is
prioritised@03%99 Teachers may benefit from efficient use of
class time and being able to meet curricular standards®®.
Teaching nutrition through mathematics, literacy and science
might therefore have the greatest potential of reducing the pres-
sure on teachers to choose between academic success and the
importance of nutrition education.

Although the results seem to point to one direction, extracting
the data in regard to nutrition integration was challenging for a
number of reasons. All twenty-eight studies included information
on the curricular subject integration of the nutrition programmes;
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however, the level of detail varied considerably. The majority of
included papers only provide a limited description of the approach
and do not specify what is considered an integrative teaching strat-
egy. Curriculum descriptions typically include the objectives, main
topics, frequency and duration of activities, and behaviour theories
used®?”. Development processes and the use of specific
approaches are often minimally discussed®”. This might have
resulted in missing or incomplete data extraction from the included
publications or potentially excluding relevant articles. To minimise
the exclusion of relevant articles, we identified related sources such
as programme webpages or protocol papers to complement the
data extraction. No additional sources were found for several
papers on nutrition integration that did not specify the curricular
subjects. These studies generally stated integrating the nutrition
content within the primary school curriculum or education stan-
dards. Although acknowledging the fact that these studies used an
integrative approach, they were excluded from the review®3-109,
Not only does a limited programme description affect the selection
process or data extraction, comparison and replication of these
nutrition curricula also becomes extremely difticult. Notably, this
shows the importance of defining the concept of integration or
cross-curriculum when developing and reporting on such an
approach. To avoid misinterpretation and to prevent these issues
from occurring in the future, authors should consider clearly defin-
ing their integrative approach and including detailed information
on the curricular practices.

Integration-related outcomes

Although the integration has been intentional and explicitly
mentioned within the included studies, the research aim might
not have been to investigate outcomes related to the integration
itself. Additionally, the numerous multicomponent interventions
included still does not allow for a conclusion on the effectiveness
of the integrative approach, but rather on the overall effect of the
intervention. This might explain why most study outcomes were
not related to the integration, but more so to the overall effective-
ness of the intervention. Therefore, only limited data could be
extracted on the integration-related outcomes, and no conclu-
sions on a potential causal relation could be drawn.

Several studies collected data through interviews and ques-
tionnaires to examine teachers’ and/or students’ perspectives
on an integrative approach and how this affected their teaching
practices and/or learning experiences*347:51.6809727D I gen-
eral, the integration of nutrition into the curriculum was posi-
tively received by both the teachers and students. However,
some teachers still highlighted that the activities needed a
stronger connection to the school curriculum®7?. As the
description of the integration is often lacking, it is hard to deter-
mine to what extent the programme was integrated and, there-
fore, the degree to which this influenced the teacher’s time
constraints or students’ learning. Furthermore, only one pro-
gramme discussed the outcomes related to academic perfor-
mance of the core subjects”7*”, When using an integrative
approach, it is important to take into account both nutrition-
and academic-related outcomes"?719% Multiple papers on the
FoodMASTER initiative suggest that a food-based science cur-
riculum could improve students’ nutrition knowledge, science
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knowledge and mathematics achievements. Their findings pro-
vide evidence for the effectiveness of integrative teaching on stu-
dents’ academic performances. In addition, all programmes,
except for one®™, reported a positive impact of integrative nutri-
tion education on children’s nutrition knowledge 5070,
Despite these promising findings, the programmes had large
methodological differences, which prevents comparison and
limits interpretation of the effectiveness in regard to nutrition
knowledge. Other nutrition-related outcomes such as dietary
intakes or food purchases and long-term effects relating to health
and wellbeing remain unexplored.

A previous systematic review exploring teaching strategies to
educate primary school children on healthy eating included
multiple papers that implemented a cross-curricular approach
(i.e. ‘nutrition education programs that were delivered across
two or more traditional primary school subjects)'?. Some of
these articles met all our inclusion criteria, except for having
the nutrition education component integrated. Only articles
that explicitly integrated nutrition within the curriculum and
that reported on the curricular subjects were included in
our review, which might explain the discrepancy in included
publications and subsequently the conclusions on the effec-
tiveness of this approach. According to Dudley et al. (2015),
embedding this teaching strategy within healthy eating inter-
ventions could improve primary-school-aged children’s fruit
and vegetable consumption or preference, and it might
reduce their consumption of sugar-sweetened drinks or fruit
juice’®. However, the calculated effect size of these nutri-
tion-related outcomes was based on interventions that
included multiple strategies. These effect sizes might there-
fore not reflect the effectiveness of the nutrition integration
alone. Hence, more research is needed on the effectiveness
of nutrition integration within core subjects. Future studies
are recommended that report on outcomes related to health
and nutrition, academic achievements, teacher and student
perspectives in terms of the whole intervention and integra-
tion, and its effect on teachers’ time constraints using both
quantitative and qualitative methods.

Intervention length, lesson frequency and duration

Similar to other data extracted, issues arose when analysing our
findings on intervention length, lesson frequency and duration.
The information obtained was not well described and extremely
heterogeneous. For behaviour change to occur, a minimum
intervention length of 6 months is suggested'®-'1V Half of
the studies within this review were conducted over at least 6
months, including multiple interventions that ran for 1 or 2 aca-
demic years. Although these interventions were implemented
for a sufficient amount of time, their lesson intensity (frequency
and duration) may have not met the suggested 50 h of nutrition
education to achieve better dietary patterns''?. With, on aver-
age, 24 h of nutrition education, students appear to not receive
the intensity needed. Only Foster et al. (2008) were able to pro-
vide the recommended intensity, with 100 h across 2 academic
years®. Considering all the above, it is fundamental to report on
both the lesson duration and frequency to determine how this
might impact the intervention effectiveness.
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Intervention delivery and teacher training

The included nutrition interventions were delivered mainly in
classroom settings by the teacher. A previous Cochrane review
found that approximately as many interventions were delivered
by a nutrition expert as compared with the classroom teacher™?.
This difference in findings might indicate that, when an integrative
approach is used, classroom teachers are preferred over nutrition
experts. Three of the studies included in this review compared
the implementation of nutrition education between the classroom
teacher and nutrition expert®"7%7D, Results from these studies on
the delivery of integrative nutrition lessons were inconclusive.

Although the implementation through resource teachers or
nutrition experts may be beneficial for certain aspects of teach-
ing, it also means that this person enters and leaves the room
within a nutrition context and integration does not occur in a
pure form™. In comparison, classroom teachers have the
opportunity to integrate nutrition concepts through all their les-
sons and activities”’?, they are able to tailor the content to their
20 and they might act as greater role
models than an outside teacher''®. Another key role the class-
room teacher could play is in developing the teaching unit.
Research highlights that collaborating with teachers to develop
educational resources could improve credibility, feasibility, pro-
motion and uptake®?. Thus, previous research and our findings
highlight the significance of teacher involvement in the develop-
ment and implementation of integrated nutrition lessons. To
draw firm conclusions on the best type of delivery for integrative
teaching practices, future research is needed to compare the
effectiveness of classroom and resource teachers.

When primary school teachers implement the intervention,
it is essential that they are supported or trained to feel competent
and confident to teach nutrition content®*19, Multiple studies
reported that teacher training could significantly improve
teachers’ self-efficacy towards teaching nutrition!>110,
Subsequently, possessing high levels of self-efficacy has been
associated with more time spent teaching nutrition 15117118,
delivery of effective nutrition education'> and enhanced pro-
gramme implementation™'®. The level of support or training in
the included studies ranged from 1-h sessions to extensive pro-
fessional development courses over several weeks. In line
with a recent review on the content analysis of classroom teacher
professional development for nutrition education interventions,
few studies described strategies used in these workshops and
reported only on elements like the duration of the training
and follow-up sessions throughout or after the programme®'®.
Due to inconsistencies and lack of detail in the reporting of
teacher support or training, and the heterogeneity of the pro-
grammes in general, a conclusion cannot be drawn on the appro-
priate level of support or training to deliver high-quality nutrition
education. Although teacher training and support has been iden-
tified as important?*119120 more research is needed on the level
of support or training required to teach nutrition using integrative
strategies 334119,

students’ needs and abilities

Theoretical framework

Of the included programmes that involved a theoretical frame-
work, many based their intervention content or strategies on
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the social cognitive theory. This is in line with other reviews iden-
tifying that this theory has been most widely used in nutrition
education interventions to improve individuals’ health-related
behaviour1210912L122 " The development and implementation
of nutrition interventions using a theoretical foundation has been
shown to increase intervention effectiveness!'121-129 With half
of the programmes not reporting the use of a theoretical frame-
work, researchers should be encouraged to design theory-based
nutrition education interventions in the future.

Population and age

Although this review primarily includes studies in primary
schools, the results show that the interventions have been con-
ducted particularly with grade 4 or 5 students. Kropski et al.
(2008) observed a similar age distribution, with most interven-
tions targeting children between 7 and 10 years old™?¥,
Children between 8 and 12 years of age start to develop food
preferences and dietary habits that become more resistant to
change when entering middle school’?2%_ In this age range,
children are also able to understand the health benefits of
foods because of their cognitive development™?”. Furthermore,
research indicates that persistent obesity is established before
the age of 11 years and that preventative measures should there-
fore target children in their early years"?®. Although the middle-
to-upper primary school years have been determined as the
appropriate target age for school-based nutrition education,
interventions ideally should target all children using sequential
Kindergarten-to-grade-6 nutrition education programmes that
include different activities for each grade level 10111

Strengths and limitations

There are multiple strengths of this scoping review. To the best of
our knowledge, this is the first study to explore evidence-based
nutrition integration programmes in primary schools. Given this
review included many different forms of interventions and out-
comes, a comprehensive overview of the current available liter-
ature has been presented. Furthermore, over-representation of
our findings was prevented by taking into account the fact that
articles might be linked at the intervention and programme level.

This scoping review has several limitations that need to be
addressed. This type of review provides a less in-depth evalu-
ation of the literature compared with a systematic review.
Furthermore, the methodological quality and risk of bias were
not assessed. Despite the fact that these critical aspects were
not taken into account, this review provides insights into the
breadth of current evidence on nutrition integration in primary
schools. Critical research gaps and methodological issues have
been identified and can inform future interventions. Of note is
that data extraction was based solely on what was described
in the article, related protocol papers or online sources, and
was not verified with the authors. It is possible that excluded
articles might have used an integrative approach which could
not be identified from the text or these other sources. The review
therefore strictly included papers that explicitly reported on the
integration of nutrition in the school curriculum. Additionally,
the heterogeneity of primary-school-based nutrition interven-
tions is large. This resulted in a limited ability to compare studies
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and to examine the effectiveness of integrative teaching in nutri-
tion programmes. This is not surprising given the exploratory
nature of this scoping review. Allowing the inclusion of multi-
component school interventions, results might not reflect the
impact of solely the integrative approach but rather a combina-
tion of intervention components. Although most papers
described each component separately in their method section,
notall data extracted could be exclusively linked to the curricular
component.

Conclusions

Nutrition education programmes integrated into a variety of core
subjects of the primary school curriculum have been widely
implemented. Although integrating nutrition into the curriculum
has been proposed as a way to address teachers’ time con-
straints, to date, evidence available to support this claim is
scarce. Only limited research suggests that students’ academic
performances or healthy eating knowledge could be improved.
Hence, more research is needed to provide evidence on the
effectiveness of integrative nutrition curricula with regard to
nutrition or health-related outcomes, academic achievement
and teachers’ time barriers. Furthermore, comprehensive pro-
gramme evaluations including both teachers’ and students’ per-
ceptions are needed. Future interventions should consider
embedding a variety of age-appropriate nutrition subjects, defin-
ing and outlining the integrative approach, designing the curricu-
lum based on a theoretical framework, offering teacher support
and training, and implementation by teachers. Each of these ele-
ments should be described sufficiently to allow for the compari-
son and replication of effective interventions. Additionally, the
current review provides initial support for exploring the use of
more standardised approaches and/or policies related to teach-
ing nutrition in the curriculum. This could assist in helping to
reduce heterogeneity and, therefore, limitations encountered
when evaluating effectiveness of classroom nutrition interven-
tions. While research progresses to identify best practice in using
this promising teaching strategy, high-quality interventions are
needed before conclusions can be made as to whether imple-
menting integrative nutrition education programmes in primary
schools is a successful strategy.
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