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Vi Abstract

Abstract

Vegetables consumed regularly and in variety as part of a balanced diet are known
to protect against non-communicable diseases. However, children across Europe
fail to meet recommended intakes. Therefore, effective interventions for
encouraging vegetable intake are needed for preschool children. The present thesis
adopted a mixed methods design to investigate strategies to increase vegetable
intake in children aged 2-5 years, who are at the peak of food fussiness. A
systematic review synthesised evidence from the existing literature using meta-
analyses and found that repeated taste exposure was the most effective strategy
for promoting vegetable intake compared to other interventions. Study 1
investigated effects of taste exposure and nutrition education delivered separately
or in combination, which showed that taste exposure significantly increased intake
of an unfamiliar vegetable. Study 2 tested the effects of reading a storybook about
vegetables and sensory play on intake of a novel vegetable, finding that learning
and play are essential for recognition and intake, with sensory play also promoting
willingness to taste. Study 3 used semi-structured interviews to explore parental
perspectives on vegetable strategies. This indicated that parents use a range of
strategies with children, yet their success varies. This study raised concerns of
ecological validity in methods tested by scientific studies in comparison to how they
are implemented in homes. The present thesis provides evidence for implementing
strategies which increase familiarity and learned safety with vegetables, in
particular taste exposure. Repeated multisensory learning, including tasting should
be incorporated into nutrition education programmes to enhance vegetable
consumption. Encouraging preschool children to eat more vegetables in balance
with other foods provides protective health benefits for a lifetime. By making a
commitment to prioritise greater vegetable intakes, parents and caregivers can
apply known, successful strategies, suited to their specific child, to increase

familiarity and intake of vegetabl es

n

t

he



Viii List of Abbreviations

List of Abbreviations

ADJ: Adjusted

ANOVA: Analysis of Variance

ANCOVA: Analysis of Covariance

BMI: Body Mass Index

BMIz: Weight for height (adjusted for age and sex) Body Mass Index z-scores
CDC: Centers for Disease Control and Prevention

CEBQ: Child Eating Behaviour Questionnaire

CENTRAL: Cochrane Central Register of Controlled Trials
ClI: Confidence Interval

CINAHL: Cumulative Index of Nursing and Allied Health Literature
CONSORT: Consolidated Standards of Reporting Trials
EPHPP: Effective Public Health Practice Project

EPIC: European Prospective Investigation of Cancer
ERIC: Educational Resource Information Centre Database
FF: Food Fussiness

FFL: Flavour-Flavour Learning

FFQ: Food Frequency Questionnaire

FN: Food Neophobia

FNL: Flavour-Nutrient Learning

FU: Follow-up

G: Hedges g

HSE: Health Survey for England

I12: Inconsistency

ICC: Intra cluster correlation

NCMP: National Child Measurement Programme

PFP: PhunkyFoods Programme

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-analyses,
RCT: randomised control trial

RE: Repeated Exposure

SEM: Standard Error of Mean

SPSS: Statistical Package for the Social Sciences

SR: Systematic Review

SRQR: Standards for Reporting Qualitative Research
WHO: World Health Organisation



iX Table of Contents

Table of Contents

ACKNOWIEAgEMENTS.....euiiiiiii e Vi
N o 1= 4 = T SRR vii
List Of ADDreviations ... viii
TaDIE OF CONTENTS...uuuiiiiiiiiiiiiiiiiiiiiiii bbb beanbbnbannnnnnes iX
RSy A o N 1= o] =2 SRR XVi
LIST Of FIQUIES o Xviii
Chapter 1 Developing healthy food preferences in the early years: a
review Of lIterature ... 2
1.1 Why is eating vegetables important?...........ccccooeeeeiiiiiiiiiiiiiee e, 2
1.2 Why is developing food preferences early important? ..................... 3
1.2.1 Why vegetable consumption in preschool children?............. 4
1.3 An ecological model for childhood dietary intake ............................ 5
1.3.1 GenetiC iNflUENCE ......uvviiii e 6
1.3.2 Child eating behaviours, food fussiness and food
NEOPhODBIA.........cooi i 6
1.3.3 Flavour exposure in utero, during lactation and via
complementary fOOOS..........coovvvviiiiiiiiiiiiiiiiiiiiiieeeeeeeeee 7
1.3.4 Parental feeding strategies .......cccceeeieeeeiiiiiiiiiie e, 8
1.3.5 Socio-economic status and home food environment.......... 10

1.4 Strategies for increasing vegetable intake in preschool children.... 10

1.4.1 Repeated taste exposure interventions..............ccceevvvvvnennn. 11

1.4.2 Non-taste sensory learning interventions; sound, sight, touch

and sMell........oooiiiiiiiiii 13

1.4.3 Nutrition education iNterventions..............cccvveeeeeeeeninninennn. 16

1.4.4 NON-fOOd reward............coooeveeieiieeeeeeeee e 19

I S V(o To (=] 11 T PSR 20

1.4.6 Stealth and Pairing..........cooviveeiiiiia e 21

1.4.7 National initiatives to improve vegetable intake.................. 22

1.5 Overall summary and gaps in the existing literature ...................... 23
1.6 AIMS and ODJECHIVES .......uii i 25
Chapter 2 Systematic review and meta-analysis of strategies to increase
vegetable consumption in preschool children aged 2-5 years ...... 28
2.1 SEEPS TAKEN ... 28
2.2 INTOTUCTION ...ttt 29

2.2.1 AIms and 0bjJeCIVES ........ooviiiie e 30



X Table of Contents

2.3 MELNOAS ... 30
2.3.1 Search Strategy ....cooeeeeeiiieiiiiie e 31
2.3.2 Selection Of StUAIES.........uuviriiiiiiiiiiiiiiiiiiiieie e 32
2.3.3 Data eXIraCtion .........coooviuiiiriiiieeeeeeiir e 32
2.3.4 Quality aSSESSIMENT .......ccevviiiiiiiieeeieeeeee e 48
2.3.5 Statistical analySIS .........uuureeereiiriiiiiiiiiiiiiiiieies 49

2.4 RESUILS ... 51
2.4.1 Participants and desSign........cccoeeeeeriiiiiiiiiie e 51
2.4.2 INEEIVENTIONS ...ttt eeennnennnneee 51
2.4.3 Types of vegetables used: familiar/ usual and unfamiliar/

AISIKEA. .. 51
2.4.4 Synthesis of results: meta-analysiS............cccccvvvvviiiiiinnnnns 53
2.4.5 Subgroup analySes..........cuuuiiiiiiieeiiiieee e 53
2.4.6 Vegetable familiarity .........ccccooeviieiiiiiiiiie e, 56
2.4.7 INtervention Strategies ..........uuuueurererurmeereneneeennnnnnnnnnnnnnnnnnnns 57
2.4.8 Number of taste eXPOSUIES.........cccivvviiiiiiiie e, 58
2.4.9 PUbIIication DIas ..........oooouiiiiiiiiieeeeiiiee e 58

2.5 DISCUSSION....cciiiiiiiiiiiiiiiiei ettt 59
2.5. 1 Main fiNdiNgS ....ovveiiiiiice e 59
2.5.2 Strength and lImMitations .............ccooiiiiiiieii e, 62
2.5.3 Conclusions and implications..................uveeviiiiiiiiiineiiinn. 63

Chapter 3 Taste exposure is more effective than nutrition education to
increase intake of a novel vegetable in preschool children: a

cluster randomised trial........ccccceviiiiiiiiiiiiii 66
3.1 SEPS LAKEN .. 66
3.2 INrOTUCTION ... 67
3.2.1 AiMs and hYpPOtheSIS..........uuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieieieenaeens 68
3.3 MELNOUS ... 68
3.3.1 Study design and Setting........ccooeeeriieeeiiiii e 68
3.3.2 Sample size and partiCipants .................eeeuereemeemmmmemeneinnnnnn. 69
3.3.3 Material - target unfamiliar vegetable.................................. 72
3.3.4 ProCEUUIE .......eiiiiieeeet e 72
3.3.5 Baseline, post-intervention and FU intake assessment
PrOCEAUIE ... 72
3.3.6 Intervention T taste exposure and nutrition education........ 74
3.3.7 Data collection and Measures............ccccuveeveeeeriiiiiinnneeeeenn 76

3.3.8 Statistical analySIS ...........uuurreiiimmiiiiiiiiiiiiii 77



Xi Table of Contents

B4 RESUIS ... 79
3.4.1 Participant characCteristiCS .........ooeevvveeiiiiiiii e, 79
3.4.2 Association of participant characteristics with vegetable

INTAKE ... 79
3.4.3 Primary @analySiS ........cccoovuiiiiiiiii e 81
3.4.4 SUDGroup @NAIYSIS .......evuueiieiiiiiiiiiiiiiiieieeiieeeeee e 83
3.4.5 Categorisation of children based on their eating status...... 84
3.4.6 Process evaluation .............ceeeveeeiiiiiiiiiiiiiiieee e 85

3.5 DISCUSSION ...ttt ee 89
3.5.1 Key findings and comparison with previous studies............ 89
3.5.2 Strengths and Limitations ............c.ceviiiiii e, 91
3.5.3 Conclusions and implications..................ueuveeeiieiiiiiiniiiinnn. 92

Chapter 4 Increasing intake of an unfamiliar vegetable in preschool
children through learning using storybooks and sensory play: a

cluster randomised trial...........oouviiiiiiieiii e 94
4.1 SEEPS TAKEN ..o 94
v [ o1 (o T (U110 o [ 95
4.2.1 Aim and hYPOtNESIS: .........uuuiiiiiiiiiiiiiiiiiiiiiiiieiieeeeees 96
/1= 1 o o RS 97
4.3.1 Study design and Setting.............ceuuiieiiieeeeiiiiieee e 97
4.3.2 Sample size, enrolment and participants ..............ccccceuueees 98
4.3.3 MALEIIAIS ... .uuuuuiiiiiiiiiiiiiiiiiiiiiii e enenennnne 101
G o o Lo =T o [ 1] = 104
4.3.5 Baseline and post-intervention vegetable recognition test
PrOCEAUIE ... 105
4.3.6 Baseline and post-intervention intake assessment
PrOCEAUIE ...ooviiiiiee e e e 105
4.3.7 Data collection and measures..........cccceevveeeeeiieiiiiiinnneeeenn. 106
4.3.8 Statistical analysis ...........ueiiiiiiiiiii e 107
A4 RESUILS ... .cceeieeeecee et e e e e 109
4.4.1 Participant characteristiCS..........cooveviiiiiniieeeieiee e 109
4.4.2 Association of participant characteristics with vegetable
INTAKE ... 109
4.4.3 Primary analysis; celeriac intake...........cccccooeevviiinievinnnnnnn. 112
4.4.4 Subgroup analysis with baseline non-eaters.................... 113

4.4.5 Categorisation of children based on their eating status.... 113

4.4.6 Vegetable recognition testS...........ccuvveiiiiiieeiiiiiiiiiieeee e 115



Xii Table of Contents

4.4.7 Process evaluation data.............cccceeeviniiiiiiiiineeeenniniinee, 115
4.5 DISCUSSION.....uiitiitieeee e e e e ettt e e e e e e e e e e e e e e e e e 118
4.5.1 Key findings and comparison with other studies .............. 118
4.5.2 Strengths and Limitations ..............cccovceiiiieeeiicciiiicene e, 120
4.5.3 Conclusion and implications ...........ccccceevieeeiiiiiiiiiiene e, 121

Chapter 5 Al stildl put them on her plate ev
going to eat themo: A qualitative study e

implemented by parents to promote vegetable intake ................. 124
5.1 SEEPS TAKEN .ot 124
5.2 INFOTUCTION ...t 125
ST Y1 PR 126
5.3 METNOM ... . i 127
5.3.1 Quialitative approach and research paradigm................... 127
5.3.2 Researcher characteristics and reflexivity ........................ 128
5.3.3 EthiCS @approval .............euueiieiiiiiiiiiiiiiiiiiiiiiiiieiiiiieneeeeennenne 129
5.3.4 Recruitment strategy and Settings........cccooeeevvvveiiiiiennnenns. 129
5.3.5 Data COIECHION ......ccciiiiiiiiiiiiic e 130
5.3.6 Data processing and analysis ................eeeuvumeiiemiiniiiiiinnnn. 131
5.4 RESUILS ...t 133
5.4.1 Descriptive StatiStiCs .........uvveeiieeeiiieiiiiee e 133
5.4.2 Qualitative dat.a....0f.usBbéness as
5.4.3 Thematic analysis: themes related to strategies .............. 136
5.5 DISCUSSION.....uttttieeieeeeeeite ettt e e e e e e e e 146
5.5.1 Key findings and integration with previous studies........... 146
5.5.2 Strengths and Limitations .............cccccvvieeeiie e, 152
5.5.3 Implications for research and practice.............cccccceeenee... 153
5.5.4 CONCIUSION.....uuiiiiiiiiiiiiiiiiiiiiiiiiiiteieieieeeaeeeeseneeeeeeeeennnnenenee 154
Chapter 6 General DISCUSSION ....ccuvviiiiiiiiiiiiiiiiiiiiieiieeeeeeeeeeeeeeeee e 156
6.1 INErOTUCTION ...t 156
6.2 Summary of thesis objectives and findings.............ccccccvvvvvvvnnnnnn. 156

6.2.1 Chapter 2: Synthesise existing evidence to assess which
strategies are most effective for encouraging vegetable
intake in preschool children...........ccccooeiiiii 158

6.2.2 Chapter 3: Efficacy of a nutrition education, repeated taste
exposure and their combined effects on intake of an
unfamiliar vegetable; mooli (study 1).........ccooveeiiiiiiineeen. 158



xiii Table of Contents

6.2.3 Chapter 4: Effects of congruent and incongruent learning
through storybook and sensory play on intake of unfamiliar
vegetable; celeriac (Study 2) ....ccoooeeeiiiiiiiiiiiiie e, 158

6.2.4 Chapter 5: Exploring vegetable promoting strategies
implemented by parents (study 3) ......cccoovveeiiiiiiiiiiiinneee, 159

6.3 Evidence from this thesis in relation to existing literature and
11010 ] 1= 159

6.3.1 An abundance of strategies for preschool children but their
effECES VAIIES......cvviiiiiiiiiiiiiiiiee 159

6.3.2 The persistent problem of non-eaters (not only the food
fussy children).........cooiieiiiie e 161

6.3.3 Familiarisation and learned safety-t he GO0 mast er
encourage vegetable consumption ..........cccccceeeeiieeeneeennns 163

6.3.4 Time to review and strengthen nutrition education
interventions for increasing intake of unfamiliar
VEQELADIES? .. 168

6.3.5 Commitment to a food ideal and social facilitation............ 169

6.3.6 Is the gap between science and reality the answer to the gap

between knowledge and behaviour?............cccccceeeeneennn. 170

6.4 Theoretical and methodological strengths and limitations............ 171

6.4.1 SIrENGINS ..o 171

6.4.2 LIMILAtIONS ....eviveiiiieeeeeiiii e 173

6.5 Implications and directions for future research and practice ........ 174

6.5.1 FULUIE r€SEAICH .....uvviiiiiiiiiiiiiiiiiiiieieii e 174

6.5.2 PractiCe ........cuuviiiiiieiiiiiiie e 176

6.6 CONCIUSIONS. .....eiiieieeeeiitt et 177

REFEIENCES ... 180

Appendices A: SystematiC REVIEW ........ccooeviiiiiiieieeeeeeeeeeeeeeeeeeeeen 198
Appendix Al: PRISMA (Preferred Reporting Items for Systematic

Reviews and Meta-Analysis) Checklist............ccccccceeeeee. 198

Appendix A2: Example of search strategy in Medline ............... 201

APPENTICES B: STUAY L..iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieeeieeenenseneeeeeeneeeneeseneeeennes 202

Appendix B1: CONSORT checklist for cluster randomised trial

(STUAY 1) 202

Appendix B2: Nursery recruitment email (study 1).................... 205

Appendix B3: Nursery opt-in consent form (study 1)................. 207

Appendix B4: Study poster displayed outside preschool rooms
(STUAY 1) 208

Appendix B5: Parent information letter and opt-out consent form
(STUAY 1) 209



Xiv Table of Contents

Appendix B6: Unfamiliar vegetable taste test questions and
7= 1] 1 1 SR 212

Appendi x B7: Strive for..50.HhunkyFood
Appendi x B8: AfEat Well 0. .RhunXl§ Foods | e
Appendix B9: Staff PhunkyFoods lessons checklist.................. 221

=1}

Appendix B10: Parent questionnaire; Food Fussiness and Food
Neophobia Questions (Study 1).........ccccccvvviiiiiiiiiiiiiiinnnnn. 222

Appendix B11: Intervention evaluation questionnaire for taste
(O 101U ] (= PP 223

Appendix B12: Intervention evaluation questionnaire for Nutrition
(=T 0o 1o o PP 226

Appendix B13 Comparison of children retained in analysis and

those lost to follow (Study 1).....cccoeeeeeeeeeieeeeeeeeeeeeeeeeeen 232
Appendix B14 Additional analysis based on eating category (study
) e 233
APPENAICES C: STUAY 2. 235
Appendix C1: CONSORT checklist (study 2) ........ccccceeeieeenennnnnns 235
Appendix C2: Nursery recruitment email (study 2).................... 238
Appendix C3: Nursery opt-in consent form (study 2)................. 240
Appendix C4: Study poster displayed outside preschool rooms
(STUAY 2). . 241
Appendix C5: Parent information letter and opt-out consent form
(STUAY 2). . 242
Appendix C6: Parent opt-in consent form (study 2)................... 245
Appendix C7: Nursery study timeline (tailored to individual
LU TE=T=T oY) ISR 246
Appendix C8: Cue cards for celeriac and carrot sensory play
ACHIVITY ..ttt 247
Appendix C9: Study 2 parent questionnaire: Food Fussiness and
Food Frequency QUESLIONS..........ccovviiiiiieeeeeieeeiiceee e 248
Appendix C10: Intervention evaluation questionnaire for storybook
and Sensory Play...........oooi i 249
Appendix C11: Comparison of children retained in analysis and
those lost to follow (Study 2)......ccooeeeeeeiiiieieeeeeeeeee, 253
Appendix C12: Additional analysis based on eating category
(STUAY 2). e 254
Appendix C13: Research impact beyond the study................... 256

Appendix C14: Research impact i new addition to PhunkyFoods
educational reSOUICES............ccvvviiiiiiiiiiiiiiiiiiiieieeeeeeeeeeee 259



XV Table of Contents

ApPPENdiCes D: STUAY 3 ... 260
Appendix D1: Standards for Reporting Qualitative Research

(SRQR) checCkKIist ........ccovviiiiiiieeeece e, 260

Appendix D2: Study recruitment flyer (study 3).........ccccceeeeeenen. 262

Appendix D3: Recruitment email (study 3).........cccovvvviiiiiennneenns. 263

Appendix D4: Participant information sheet (study 3) ............... 264

Appendix D5: Participant opt-in consent form (Study 3)............ 267

Appendix D6: Semi-structured interview questions................... 268

Appendix D7: Example of coding in the NVivo software............ 272



XVi List of Tables

List of Tables

Table 2.1 Search terms used to identify relevant articles for the present
systematic reSEarCh rEVIEW .........cceiieeeiiiieiiiici e 31

Table 2.2 Summary of studies included in the review that assesses strategies
to increase vegetable intake in preschool children, aged 2-5 years. .... 34

Table 2.3 Description of each intervention strategy and number of studies
USING them . 52

Table 2.4 Subgroup analysis to highlight effect size and heterogeneity by
methodology and intervention factors (study as unit of analysis). ........ 55

Table 3.1 Characteristics of nursery children and baseline intake (g) of the
unfamiliar vegetable by intervention condition. ..............cccceevvviiennneenn. 80

Table 3.2 Patterns of correlations between participant characteristics and
their baseline intake and change intake of the target vegetable. ......... 81

Table 3.3 Median (IQR) change in mooli intake for taste exposure groups who
were offered their usual snack (non-compliance) and not offered their
BB = LI o = Vol A 83

Table 3.4 Proportion of children in each intake category, at each time point by
intervention CONAItioN. ..........ccooiiiiiiiiiiice e 84

Table 3.5 Process feedback from nursery staff for taste exposure
intervention. Mean ratings; with minimum and maximum&. .................. 86

Table 3.6 Quotes from nursery staff for taste exposure intervention; extracted

from nurseryods pr oc.es.s..ev.al.ua.t.i.&®n

Table 3.7 Process evaluation feedback from nursery staff for PhunkyFoods
nutrition education. Mean ratings; with minimum and maximuméa......... 88

Table 3.8 Quotes from nursery staff for PhunkyFoods nutrition education
interventi o n , extracted from nur seudr.y 89

Table 4.1 Characteristics of nursery children and baseline intake (g) of the
unfamiliar vegetable by intervention condition. .............c.ccccccceeeennenn. 110

Table 4.2 Median (IQR) celeriac intake at baseline and post-intervention by
INtervention CONAItION. ........oooiiii i 112

Table 4.3 Proportion of children in each intake category by intervention
condition. Children were categorised (n) according to their baseline and
post-intervention celeriac intake. ... 114

Table 4.4 Proportion of children who correctly recognised carrot and celeriac
at baseline and post-intervention in each condition ........................... 115

survey.

process



XVii List of Tables

Table 4.5 Process evaluation from 22 nursery staff2 by condition to indicate
suitability, user engagement, integration, challenges, and effectiveness
of a storybook and sensory play intervention. Mean ratings are
presented in which higher scores indicate a more positive

EXPEIEINCE. ...ttt ettt s et e e e s e et e e nteesnaeeareeeree s 116
Table 4.6 Qualitative data from the
feedbacCK. ... 117

Table 5.1 Examples of main questions asked during the semi-structured
=T 1= 132

Table 5.2 Characteristics of children according to their food fussiness level
and general demographic information ...........ccccccvvvviiiiiiiiiiiiiiiiiieeee, 134

Table 5.3 Characteristics of parent
[EVEI ... 135

Tables 6.1 Example of differences between scientific research for promoting
vegetable intake and reality. ...........cccccooiiiiiiiiiiiii 172

Supplementary Table 1 Baseline characteristics and mooli intake of children
who were retained in the study and those lost to follow-up................. 232

Supplementary Table 2 Amount (g) eaten of the unfamiliar vegetable (mooli)
among children categorised as Eaters (>0g intake) at each time point by
intervention condition presented as mean (x SEM). ................oooo. 234

Supplementary Table 3 Baseline characteristics and celeriac intake of
children who were retained in the study and those lost to follow-up... 253

S

nursery

accord



Xviii List of Figures

List of Figures

Figure 1.1 Ecological model of predictors of childhood dietary intake, adapted
from Davison and Birch (2001)...........ccuviiiiiiiieeiiiiiiiees e 5

Figure 1.2 Parenting styles with notional examples of how this may lead to
feeding practices related to vegetable consumption ..............cccccevveennnees 9

Figure 1.3 Basic sensory learning techniques that parents or preschool staff
can use to encourage young children to become familiar with
vegetables. Ideas adapted from work by (Dazeley & Houston-Price,

Figure 1.4 Overview of the thesis Chapters ..........cccoccoviiiiiiiiiii 26

Figure 2.1 PRISMA diagram of the study screening process and article
SEIECHON. . eeee e 33

Figure 2.2 Summary of study quality assessment using the EPHPP quality
ASSESSMENT TOO0] ...ceiiieiiiiicee e e e e e aaaee 48

Figure 2.3 Forest plot of overall intervention effect versus comparison on
vegetable intake by Study (N = 30)........uuuummmmmiiiiiiiiiiiiiieee 54

Figure 2.4 Forest plot of subgroup analysis by vegetable familiarity/ liking on
vegetable intake (study as unit of analysis, N = 30) .........cccccvvvieeenenn. 56

Figure 2.5 Effect by intervention strategies on vegetable intake by
intervention arms (n = 44 arranged by the effect size).................ooo.. 57

Figure 2.6 Meta-regression of effect size (hedges g) according to the number
of taste exposures in repeated taste exposure studies (with line of best
fit, 95% confidence i nttéenhemdta- and
ANAlYSIS, N = 10). ..o aaane 58

Figure 2.7 An asymmetry Funnel plot of standard error by Hedges g of
included (n = 30) and missing studies (N =8). .....cooeveiviiiiiiiiiee, 59

Figure 3.1 Design of a study testing the effectiveness of taste exposure and
nutrition education on intake of an unfamiliar vegetable (mooli). ......... 70

Figure 3.2 Flow of clusters (nurseries) and children through phases of the

AL e 71
Figure 3.3 Preparation of mooli (target vegetable) for the taste test and intake
ASSESSIMENES ...ttt ettt et e et et e et e e aaa s 73
Figure 3.4 Children eating mooli during taste exposure intervention ............ 74

Figure 3.5 Children learning about eating a variety of fruit and vegetables
during nutrition education I€SSON.............uuuuuiiiiiiiiiiiiiiiiiiiierieeieeiae. 75

Figure 3.6 Mean (xSEM) intake (grams) of mooli by condition at baseline
(week 1), post-intervention (week 12), Follow-up 1 (week 24) and
FOOW-UP 2 (WEEK 36). ...eevriiiii i 81

each

st

L



XiX List of Figures

Figure 3.7 Changes in intake (mean £ SEM) of mooli (g) from baseline to

post-intervention, FU1 and FU2 by 2x2 factorial design. .................... 82
Figure 3.8 Percentage of children who were non-eaters at the baseline and

those who remained non-eaters at post-intervention by condition. ...... 85
Figure 4.1 Design and timeline of the study. ..., 99

Figure 4.2 Flow of nurseries and children aged 2-5 years through the
L] (0 [ | 100

Figure 4.3 Storybooks were identical except that they featured the congruent
vegetable celeriac (a) or incongruent vegetable carrot (b). The
storybooks are copyright ©PhunkyFoods. ...........ccccccvvieiiiiiiiiiiiiiinn, 102

Figure 4.4 Example of children engaging in sensory play during the
1Y (=T =T 01 1o R 103

Figure 4.5 Pictures of staff reading the storybook to the children in nursery
classroom during the study Story SESSION. .........ccvvvvvviiiiiiiiiiiiiiiiieeeen, 105

Figure 4.6 Photo cards used for vegetable recognition tests at baseline and
POSE-INTEIVENTION. ... ..ot e 105

Figure 4.7 preparation of celeriac (target vegetable) for intake
ASSESSIMENES ....iit et e ettt e et e e et e e et e e e r e e e e er e e e e ea e eeas 106

Figure 4.8 Mean (xSEM) intake (grams) of the celeriac at baseline and post-
intervention by condition for (a) all children (n = 267) and (b) baseline
Non-eaters (0g intake; n = 85). The number of children in each condition
iS given below the Dars. ..o 111

Figure 4.9 Mean (x SEM) changes in celeriac intake from baseline to post-
intervention by 2x2 factorial design, for all children and baseline non-
Lo L] £ TP P PP TOPPRPT 113

Figure 4.10 Percentage of children who were non-eaters at the baseline and
those who remained non-eaters at post-intervention by condition. .... 114

Figure 5.1 Philosophical approach and research paradigm for present
] L0 6 TP TRRNS 127

Figure 5.2 Map of identified themes contributing to parental strategies of
promote vegetables intake in preschool children.............................. 137

Figure 5.3 Food Choice Process Model. Adapted from Furst et al. 1996 and
ConNOors et al. 2001 .......uuiii i 147

Figure 6.1 Summary of key findings for strategies to increase vegetable
intake Dy chapter.........oooo 157

Figure 6.2 Effect sizes of thesis interventions (orange) in comparison with
previous interventions included in the systematic review (green) ...... 160



XX List of Figures

Figure 6.3 A vignette showing the learning process experienced by preschool
children as they learn to accept an unfamiliar vegetable. Alongside
annotation of how some strategies can assist the process. ............... 162

Figure 6.4 Familiarisation and learned safety increase vegetable consumption
in preschool children ... 164



Chapter 1

T e R e T
AMIOR L RS




2 Chapter 1

Chapter 1
Developing healthy food preferences in the early years: a

review of literature

The overall aim of this thesis was to enhance our understanding of the best ways to
encourage young children to eat vegetables. To achieve this aim, studies were
conducted to investigate the efficacy of different strategies for promoting vegetable
intake in preschool children. The thesis has adopted a mixed methods approach, as
using both quantitative and qualitative methods enhance understanding more than
using a single research method (Creswell & Plano-Clark, 2010). This introductory
chapter begins by providing background to the importance of increasing vegetable
consumption, why this is particularly the case for preschool children, it then
highlights some of the strategies used in the target age group (2-5 years) and
identifies relevant theoretical frameworks for understanding vegetable consumption
in the early years. Finally, the objectives of the overall thesis and how these have
been addressed in the subsequent Chapters are outlined.

1.1 Why is eating vegetables important?

Eating a well-balanced diet high in plant-based foods can significantly reduce the
risk of various non-communicable diseases such cardiovascular diseases,
colorectal cancer, stomach cancer, stroke, diabetes, obesity and, therefore, overall
mortality (Aune, Giovannucci, et al., 2017; Boeing, Bechthold, et al., 2012; Hartley,
Igbinedion, et al., 2013; Lee, Shin, Oh, & Kim, 2017; Wang, Ouyang, et al., 2014;
WHO, 2014). The World Health Organization suggests that adults should consume
4009 or more of fruit and vegetables per day to improve overall health. Current
recommendations for adults vary between countries from 400g to 800g (Aune, et
al., 2017; WHO, 2011). In the UK, recommendations for preschool children include
eating a variety and a minimum of five 40g portions (200g: 5-a-day) of fruit and
vegetables a day (First Steps Nutrition Trust, 2016; NHS, 2015). This includes
fresh, frozen, dried, canned and 100% juices. Although, fruits and vegetables share
some antioxidants, bioactive compounds, and phytochemicals and so offer similar
health benefits (Liu, 2013; Slavin & Lloyd, 2012), it is argued that vegetables may
be more beneficial than fruits. This is because most vegetables are rich in dietary
fibre and low in sugar, sodium, fat, cholesterol and energy density (Liu, 2013; Slavin
& Lloyd, 2012). For example, eating high fibre foods helps to improve gut health,

bowel function and to reduce the risk of cardiovascular disease (Slavin, 2013).



3 Chapter 1

Certain vegetables such as green leafy vegetables are thought to play an important
role in reducing risk of type 2 diabetes and cardiovascular disease (Blekkenhorst,
Sim, et al., 2018; Carter, Gray, Troughton, Khunti, & Davies, 2010). Large scale,
population-based studies indicate that eating vegetables confers a protective effect
with each daily portion consumed reducing the probability of death by 16%,
compared to 4% for fruits (Oyebode, Gordon-Dseagu, Walker, & Mindell, 2014).
Evidence from research with older adults suggests that increased intake of
vegetables can slow the rates of cognitive decline and reduce the risk of dementia
(Loef & Walach, 2012; Morris, Evans, Tangney, Bienias, & Wilson, 2006).

Despite the known benefits of eating vegetables from epidemiological research,
increasing their intake remains more challenging than increasing fruit intake. For
example, a systematic research review with meta-analysis by Evans, Christian,
Cleghorn, Greenwood, and Cade (2012) reported that school-based interventions
improved fruit intake but that the impact on vegetable intake was negligible. Also,
vegetables taste very different to fruits and may need more preparation time
because they tend to be cooked (Appleton, Hemingway, et al., 2016). This suggests
that different strategies may be necessary for promoting the intake of fruits and
vegetables. With all these factors in mind, the present thesis focussed on

increasing consumption of vegetables only.

1.2 Why is developing food preferences early important?

Early childhood is a period of rapid growth and an important phase for developing
eating habits because the dietary behaviours acquired during the early years of life
can extend to adulthood (De Cosmi, Scaglioni, & Agostoni, 2017; Harris, 2008;
Ventura & Worobey, 2013). Children learn about their food likes and dislikes by
direct contact with foods, such as through tasting, feeling, seeing, smelling and by
observing their food environment, including the eating behaviours of others
(Johnson, 2016; Nicklaus, 2016; Sandell, Mikkelsen, et al., 2016). Therefore, it is
crucial that children are exposed to a varied food experience and a positive food

environment from early childhood.

The significant rise in children with obes i t y 058 ptcentide) by the time they
start primary school is of public health concern (de Onis, Blossner, & Borghi, 2010).
In the Government's National Child Measurement Programme (NCMP) for England,
2017-18, among children in the reception class (aged 4-5 years) prevalence of
overweight was 12.8% and prevalence of obesity was 9.5% (NCMP, 2019). Similar
figures are also reported in the US, where the 2013-2014 National Health and
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Nutrition Examination Survey indicated that among children and adolescents aged
2-19 years overweight is 16% and obesity is 17%, (Fryar, Carroll, & Ogden, 2016).
Preventing obesity, and its associated comorbidities, is a clear priority for an

i ndividual 6s h e(Rantaldne, Habluks, etak, AL, dnénce ghildren
need to be encouraged to eat better and keep active. Eating foods low in energy
density and high in nutrient content such as vegetables may help to prevent excess
weight gain and improve health. Thus, it is important that children learn to make
healthy food choices in the early years and learn to eat nutrient-dense foods such
as vegetables.

1.2.1 Why vegetable consumption in preschool children?

Only one in five children are reported to meet their 5-a-day intake of fruit and
vegetables, hence most children in the US and Europe, including the UK eat less
than recommended (CDC, 2015; HSE, 2017; Kim, Moore, et al., 2014; Lynch,
Kristjansdottir, et al., 2014). Research among 3 to 4 year old children using the
validated Child and Diet Evaluation Tool (CADET) diary reported that only 16% of
children in their sample (n = 207) ate the recommended 5-a-day and 14% had
eaten no fruits or vegetables on the test day (Cockroft, Durkin, Masding, & Cade,
2005). It is thought that increasing intake of vegetables remains challenging due to
their bitter taste, unfamiliar texture and low energy density. For example, according
to the Vital Signs report, fruit intake had increased from 2003 to 2010 among 2 to
18 year olds, but vegetable intake did not change during this same period (Kim, et
al., 2014). Similar trends have also been reported in the USA-Feeding Infants and
Toddlers study (FITS), in which positive changes for fruit intakes have been noted
but consumption of vegetables was shown to be inadequate. The study highlighted
that among those children who did consume some vegetables there was a clear
lack of variety, reducing the opportunity for children to experience different tastes,

flavours, textures, colours and sounds (Dietz, Roess, et al., 2018; Dwyer, 2018).

Research suggests that when children are ready to receive their first solid foods (at
around six months of age), this is an opportune period for introducing new flavours
and textures due to a willingness to eat new foods including vegetables (Birch,
McPhee, Shoba, Pirok, & Steinberg, 1987; Mennella, Nicklaus, Jagolino, &
Yourshaw, 2008; Mennella & Trabulsi, 2012). However, after this stage, around the
age of 2 years children begin to seek autonomy over their food choices and are
also likely to go through phases of food neophobia and food fussiness. Thus, they

are more selective about what they eat. In particular, children are less likely to eat
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vegetables (Cooke, Haworth, & Wardle, 2007; Dovey, Staples, Gibson, & Halford,
2008; Lafraire, Rioux, Giboreau, & Picard, 2016; Walton, Kuczynski, Haycraft,
Breen, & Haines, 2017).

1.3 An ecological model for childhood dietary intake

The focus of the present thesis is to investigate strategies that promote vegetable
intake. However, it is also important to have some contextual understanding of
other influential factors which may helptos hape chil drenb6és dietary
vegetables. Some of these influential factors will be considered briefly in this
section before moving onto specific vegetable promoting strategies in preschool
children. According to the Ecological Systems Theory, human behaviour is
dependent on the interaction between personal characteristics such as genetics
and age, and the environment in which the child is situated, such as their family,
school and larger social contexts, e.g. community (Bronfenbrenner, 1986). The
ecological model proposed predicting child dietary intake by Davison and Birch
(2001) is divided into three layers progressing from inherent to external influences
on intake: the inner layer of child's characteristics; the middle layer of parenting
styles and family characteristics and in the outer layer there are community,

demographic and societal factors (Figure 1.1)

CHILD
DIETARY

INTAKE

Figure 1.1 Ecological model of predictors of childhood dietary intake, adapted from
Davison and Birch (2001)
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1.3.1 Genetic influence

As shown in the ecological model, genetic influences are important in shaping
childrenbés food preferences and eating beha
cohort of twins born in 2007 (2402 families) demonstrated that genetic influence
accounted for 54% of vegetable preferences (Fildes, van Jaarsveld, et al., 2014).
Similar findings have also been reported from a different twin sample which
estimated 37% heritability for vegetable preferences (Breen, Plomin, & Wardle,
2006). Twin studies generally compare resemblances of monozygotic twin pairs
who share 100% of their genes with dizygotic twin pairs sharing 50% of their genes
(Fildes, van Jaarsveld, Llewellyn, et al., 2014) to determine and understand the
influence of gene-environment interactions on food preferences. Interestingly both
studies also found that influences may vary by types of foods, for example genetic
factors dominated more nutrient-dense foods such as fruits, vegetables and protein,
whereas stronger shared environmental effects were observed for energy-dense
foods such as snacks and desserts. Heritability factors are also known to play an
important role in eating behaviour. Thus, although genetics play a significant role in
determining food preferences, the environment in which these genes are expressed

is also important in determining what preferences emerge and are maintained.

1.3.2 Child eating behaviours, food fussiness and food neophobia

Chil dr ends e aaldodegendon foedtypeothus, figh levels of food
avoidance behaviours such as food fussiness and food neophobia are shown
towards vegetables (Dovey, et al., 2008; Howard, Mallan, Byrne, Magarey, &
Daniels, 2012). Food fussiness is defined as selective food intake involving
rejection of foods which are familiar as well as those which are unfamiliar, whereas
food neophobia is specific to avoidance of new foods (Dovey, et al., 2008). Food
fussiness is typically measured using the Food Fussiness subscale of the Child
Eating Behaviour Questionnaire (Wardle, Guthrie, Sanderson, & Rapoport, 2001)
and food neophobia is often assessed using the Child Food Neophobia Scale
(Pliner, 1994). These psychometric tools are reported to be reliable and valid
however, they tend to overlap in constructs which can be problematic when used
together. Both eating behaviours can have an adverse effect on healthy eating,
since by selecting only preferred familiar foods, children may limit the quality and
variety of their diet, especially eating too few vegetables (Cooke, Carnell, & Wardle,
2006; Dovey, et al., 2008). Food fussiness and food neophobia are highly

correlated (with r values around 0.7) and they both share common aetiology in early
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childhood, which can be explained by heritability and shared environment factors,

such as the home environment (Smith, Herle, et al., 2017).

Food avoidance behaviours have been associated with low intake of fruits and
vegetables (Cooke, et al., 2006; Holley, Haycraft, & Farrow, 2017). Fildes, van
Jaarsveld, Cooke, Wardle, and Llewellyn (2016) found that genes common to food
fussiness also influence the intake of fruits and vegetables. It is understood that
rejection of certain foods such as bitter vegetables and development of food
avoidance behaviours are a consequence of natural evolutionary processes in
which childrends instinctive behaviour is
(Dazeley & Houston-Price, 2015; Rozin & Vollmecke, 1986). Thus, for children to
include bitter, green leafy vegetables in their diet is challenging since bitterness in
nature can signal danger, such as toxic content. Food fussiness and food
neophobia are known to peak between the ages 2-5 years, however children in this
age group are also open to acquiring new food preferences. Therefore,
encouraging children to try different vegetables using taste exposure and
experiential learning strategies in a positive and supportive environment may
promote familiarisation and liking of unfamiliar foods, and over time this may reduce
food avoidance behaviours (Park & Cho, 2016a; Ventura & Worobey, 2013).

1.3.3 Flavour exposure in utero, during lactation and via

complementary foods

Research has demonstrated that exposing children to flavours (including vegetable
flavours) through amniotic fluid and | ater
preference for the exposed flavour in early life (Mennella, 1995; Mennella &
Beauchamp, 1991a, 1991b, 1993, 1999; Mennella, Jagnhow, & Beauchamp, 2001,
Mennella, Johnson, & Beauchamp, 1995). For example. Mennella, et al. (2001)
conducted a study with pregnant women who were planning to breastfeed their
infants. They were randomly allocated to one of three groups; 1) carrot juice
consumed during the last trimester but only water during lactation 2) water
consumed during pregnancy but carrot juice during lactation, and 3) water
consumed both during pregnancy and lactation (control). Infants were then tested
during the weaning stage for their preference for carrot. It was found that infants
who were exposed to carrot flavour prenatally or during lactation exhibited fewer
negative facial expressions when they were fed carrot-flavour cereal compared to
plain cereal. Also, ratings of enjoyment were higher for carrot-flavoured than plain

cereal in the infants who had experienced carrot either in utero or via breastmilk.
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Despite these differences in subjective ratings no significant effect of exposure on

intake was observed.

In a longitudinal study, children who were exclusively breastfed for three or more
months had higher odds of consuming two or more vegetables at four years of age
in comparison to children who were formula fed or partially breastfed (Burnier,
Dubois, & Girard, 2010). As demonstrated by Mennella, et al. (2001) early flavour
exposure gained through breastmilk encouraged greater acceptance of a wider
variety of foods during the weaning period and throughout childhood. Hence infants
of mothers who eat a variety of foods, including vegetables during breastfeeding will
expose their infant to a diversity of flavours which are absent in formula milk. Also
breastfeeding may promote responsive feeding. Hence mothers who breastfeed
their child are more likely to adopt feeding strategies which are less controlling and
more responsive (Burnier, et al., 2010) and these feeding practices are associated
with children adopting healthier food choices (Fisher, Birch, Smiciklas-Wright, &
Picciano, 2000).

As well as breastfeeding infants, introducing vegetables as first foods during
complementary feeding can also encourage children to eat more vegetables in the
short term (Barends, de Vries, Mojet, & de Graaf, 2013; Barends, de Vries, Mojet, &
de Graaf, 2014; Chambers, Hetherington, et al., 2016; Hetherington, Schwartz, et
al., 2015). For example, a study by Barends, et al. (2014) found that children given
vegetables as their first food in comparison to children receiving fruit as their first
food had 38% higher daily vegetable intake at 12 months of age. This suggests
benefits of a vegetable first approach to complementary feeding. However, by 23
months of age, these differences were not sustained. Therefore, longer term
studies are needed to establish the duration of the vegetable first approach and

what is needed to sustain these effects in the long term.

1.3.4 Parental feeding strategies

Shaping children's eating environments is also important in establishing eating
habits in children. For example, making healthy foods available at home, and
parental feeding practices which promote healthy food preferences and eating
behaviours (Birch, Savage, & Ventura, 2007). The role of parenting in general has
been regarded as highly influential and early work by Baumrind (1978) and further
extended by Maccoby and Martin (1983) has been pivotal in this area. General
parenting is characterised as encompassing two central features - demandingness

and responsiveness. These then vary by intensity and so four types of parenting
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styles have been generated: 1) the authoritative style is characterised by high

demandingness and monitoring, and high responsiveness 2) the authoritarian style

is characterised by high demandingness and monitoring but low responsiveness

and warmth, 3) The indulgent/ permissive style is characterised by warmth but lacks

monitoring and control and 4) the uninvolved style is characterised by little control,

low monitoring and little involvement with the child (Hughes, Power, Orlet Fisher,
Mueller, & Nicklas, 2005; Shloim, Edelson, Martin, & Hetherington, 2015). See
Figure 1.2 for examples of what parents within each parenting style may do in order

to get their child to eat vegetables (adapted from Shloim, et al., 2015).

Authoritarian

Parent shows control
and tells the child to
just eat it, with possible
threat and little or no
encouragement, e.g.
“eat it otherwise you
won't get pudding”

Low Responsiveness/ Warmth

Uninvolved

Parent shows little or no
control and warmth, e.g.
“If you don’t eat your
vegetables there is
nothing else. If you want
to go to bed hungry
that's okay with me”

~

High Demandingness/ Control

Low Demandingness/ Control

Authoritative

Parent shows control
and encourages the
child to eat, e.g.
“Well done for trying,
look we are eating
too, it's yummy”

High Responsiveness/ Warmth

Indulgent

Parent shows warmth
but little or no control,
e.g. “If you do not want
to eat your vegetables
that's okay. | will get
you a piece of toast so
that you are full”

Figure 1.2 Parenting styles with notional examples of how this may lead to feeding

practices related to vegetable consumption

The specific role of parenting style, feeding style and feeding practices for

ncreasing childrenos

vegetabl e

consumpti on

instrumental feeding (i.e. rewarding or punishing child using food incentives for
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desirable behaviours) is related to an indulgent feeding style and associated with
low consumption of vegetables (Inhulsen, Merelle, & Renders, 2017). Similarly, an
authoritarian feeding style by being demanding but showing low responsiveness
has also been associated with low consumption of vegetables (Scaglioni, De
Cosmi, et al., 2018). Whereas parents who employ an authoritative feeding style
applying both a level of control as well as encouragement and involving children
were more likely to be successful in getting their children to eat vegetables (Shim,
Kim, et al., 2016)

The relationship between parental feeding s
bidirectional (Farrow, Galloway, & Fraser, 2009). Therefore, the ways in which
parents employ differentfeedi ng pr acti ces may be in direct
eating traits. For example, parents of fussy eaters may apply authoritarian practices

including pressuring their child to eat or they may use instrumental feeding since

they are concerned that their child is eating a rather bland or unhealthy diet.

However, there is lack of longitudinal evidence to disentangle the reciprocity

between fussy eating and feeding practices (Harris, Fildes, Mallan, & Llewellyn,

2016).

1.3.5 Socio-economic status and home food environment

According to the ecological model (Birch and Davidson, 2001) the wider context of

the childbés eat i ng antrdetdrminam ofdigtary choiseaadn i mpor t
intake. A review by Rasmussen, Krolner, et al. (2006) highlighted that both socio-

economic status, availability and accessibility of fruits and vegetables at home were

i mportant determinants for childrends fruit
they reported that low socio-economic status was associated with low and less

frequent intake of both fruit and vegetables and this may be related to availability of

these foods in the household. Their review suggested that when fruits and

vegetable were reported to be available at home by children and adolescents aged

6-18 years, their intake of these foods was greater than those who reported did not

have access to these food in home.

1.4 Strategies for increasing vegetable intake in preschool
children

Given that the intake of vegetables is set within the wider context of maternal diet
during breastfeeding, child eating traits, parenting styles, feeding practices and the

general home environment, it is clear that efforts to increase vegetable preference
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and consumption are likely to be most effective in early life. Several behavioural
techniques have been developed and trialled in order to intervene during early
development to facilitate exposure, familiarisation and subsequently preferences for
and intake of vegetables. Below, these different techniques are reviewed

specifically with a focus on the early years of life.

1.4.1 Repeated taste exposure interventions

Beyond the exposure to some flavours in utero and through breastfeeding, solid

food introduction begins the chiihvdviks | ourne
more than just taste since children see, smell, and experience texture of foods. For
convenience, the field tends to refer to this journey mainly with reference to taste

and so belowthetermfit ast e exposur e 0 butencapsslacedll t hr ougho

aspects of the food experience.

For direct and overall sensory experience of vegetables it is important that children

chew and swallow these nutrient dense foods. A study by Zeinstra, et al. (2007)

found that children aged 4-5 years were able to distinguish between likes and

dislikes but were not able to differentiate the specific tastes (e.g. salty, sour, bitter)

of food. Their study concluded that for children aged 4-5 years the appearance and

textures (including feeling in the mouth) of food were maost important for determining

l' i king and disliking. Hempoeh feel potiagepr sh
textures in the mouth e.g. soggy, crunchy, creamy sensation) are important for food

intake and may influence expression of neophobia when feeding children foods with

complex or multiple textures (Rose, Laing, Oram & Hutchinson, 2004; Werthmann.

Jansen, Havermans, et al., 2005). Children who are food fussy or food neophobic

are likely to be hypersensitive to textures (Harris and Coulthard, 2016). It is known

that children typically preferismbéoih tbeds
unless vegetables are pureed they tend to have more complex textures; for

example, tomatoes have firm skin, pulp and seeds (Harris and Coulthard, 2016).

Thus, exposing children to a variety of tastes and textures may reduce their

likelihood of food neophaobia.

Studies of complementary feeding identify early flavour exposure to vegetables as
an important strategy during the weaning stage (around 6 months) to encourage
acceptance (Barends, et al., 2013; Hetherington, et al., 2015; Remy, Issanchou,
Chabanet, & Nicklaus, 2013). However, taste perception and evaluation may lead

to food refusal in some children including rejection of vegetables (Gibson, Wardle,
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& Watts, 1998). Hence, interventions which focus on the taste element of the foods
are necessary but risky (since children may reject on the basis of unfamiliarity or
disliked tastes). The repeated taste exposure strategy in which children are offered
the same foods frequently is reported to be the most effective way of promoting
intake of unfamiliar vegetables in children (Ahern, Caton, Blundell, & Hetherington,
2014; Caton, Blundell, et al., 2014; Hausner, Olsen, & Moller, 2012; Holley, Farrow,
& Haycraft, 2017b). The mechanism which may facilitate this strategy is through
familiarization (Zanjonc, 1968) and learned safety (Kalat & Rozin, 1973). According
to the mere exposure theory a single exposure (with no negative consequence) is
enough to produce a positive attitude towards a stimulus, thus repeated taste
exposure interventions promote positive acceptance over time (Rioux, Lafraire, &
Picard, 2018; Zanjonc, 1968).

Studies have demonstrated that children increase their intake of vegetables after
five taste exposures, although on average children will generally require between
eight to ten taste exposures at a regular interval, e.g. once a week, (Birch, et al.,
1987; Caton, Ahern, et al., 2013; de Wild, de Graaf, & Jager, 2017; Hausner, et al.,
2012; Remington, Affiez, Croker, Wardle, & Cooke, 2012). The required humber of
exposures is often not achieved by the caregiver because they may interpret their
chil dbés f acinmdponsexomeneaodsiasodislike or disgust and are
unwilling to continue offering the same food (Carruth, Ziegler, Gordon, & Barr,
2004; Cooke, et al., 2007; Cooke, Wardle, et al., 2004).

Several studies have been conducted by combining the repeated exposure strategy
with other vegetable promoting strategies (some of these strategies and their
findings are further discussed under relevant sections). For example, repeated
exposure has been paired with non-food rewards, such as rewarding children with
stickers or praise for tasting the target vegetables (Fildes, van Jaarsveld, Wardle, &
Cooke, 2014b; Horne, Greenhalgh, et al., 2011; Remington, et al., 2012). A study of
reward and taste exposure by Fildes, van Jaarsveld, et al. (2014b) found that daily
parental administration of a single small piece of a disliked vegetable, with a sticker
after the child had tried the food, was sufficient to increase the intake of a target
vegetable in the home setting. Combining exposure with strategies such as rewards
and modelling have long-lasting effects, up to six months post intervention (Cooke,
Chambers, et al., 2011; Horne, et al., 2011). Additionally, Horne, et al. (2011) found
that once liking for the target foods was established during snack time, the effects

generalised to lunchtime in complete absence of the previously offered reward (a
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small toy). This shows that continuation of offering rewards may not be necessary
after the children have learned to like and accept the vegetables. However, it
should be noted that the study by Horne, et al. (2011) only included 20 children in

their study, and therefore a larger sample size is needed to confirm these results.

Studies have also combined the repeated exposure technique with modelling;
where children are encouraged to learn to eat vegetables by observing the eating
behaviour of others, e.g. their parents or peers (Horne, et al., 2011; Remington, et
al., 2012). Other strategies combined with taste exposure include flavour-flavour
learning (FFL) and flavour-nutrient learning (Ahern, Caton, Blundell, &
Hetherington, 2013; Ahern, et al., 2014; de Wild, de Graaf, & Jager, 2013). Most
studies incorporating these associative learning methods (FFL and FNL) have
found that mere exposure to the target vegetable alone is sufficient to increase the
intake of the target vegetables, and adding flavours or nutrients generally provided
no additional advantage (Ahern, Caton, Blundell, et al., 2013; Bouhlal, Issanchou,
Chabanet, & Nicklaus, 2014; Caton, et al., 2013; de Wild, et al., 2013; Hausner, et

al., 2012). These findings are discussed further in section 1.4.6.

While taste exposure strategies are robust in promoting vegetable intake in
children, this is not the only way to increase the familiarity of the vegetable in
children. Using other sensory modalities such as hearing (the name of the food or
sound it makes while chewing), sight (seeing the food), touch (feeling the texture in
hands/ mouth) and smell of the food (Dazeley & Houston-Price, 2015) are also

important components within the learning experience.

1.4.2 Non-taste sensory learning interventions; sound, sight, touch and

smell

Contemporary research with preschool children demonstrates the importance of
sensory elements to familiarise children with fruits and vegetables (Coulthard &
Ahmed, 2017; Coulthard & Sealy, 2017; Dazeley, Houston-Price, & Hill, 2012).
Methods such as listening, seeing, touching and smelling may be very useful for
young children, especially fussy eaters as selective eating in preschool children has
been associated with hypersensitivity to food stimuli (Coulthard & Sealy, 2017;
Dazeley & Houston-Price, 2015; Zucker, Copeland, et al., 2015). For example, food
neophobic children and fussy eaters often reject vegetables based on their visual
appearance or texture (Coulthard & Sealy, 2017; Coulthard & Thakker, 2015;

Dovey, et al., 2008; Rioux, et al., 2018; van der Horst, Deming, Lesniauskas, Carr,
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& Reidy, 2016). Hence interventions incorporating visual exposure including picture
books and tactile-play activities may particularly benefit these children more than

taste exposure alone.

1.4.2.1 Visual exposure and storybook (sound and sight)

Listening to stories and looking at pictures are activities which are regularly enjoyed
by preschool children. Storybooks are generally engaging and interaction with the
parent or caregiver during story time provides an opportunity for children to acquire
new knowledge (Horst & Houston-Price, 2015). The illustrations in storybooks help
children to better recall stories and being repeatedly exposed to pictures of foods

i ncreases chil dityanmthihe foads (GreenhootfBayer] 8l Quras:,
2014; Heath, Houston-Price, & Kennedy, 2014). Research on visual exposure using
picture books has had mixed results in terms of its effectiveness in increasing
acceptance of vegetables (de Droog, Buijzen, & Valkenburg, 2014; Heath, Houston-
Price, & Kennedy, 2011; Heath, et al., 2014; Houston-Price, Butler, & Shiba, 2009;
Osborne & Forestell, 2012). For example Heath, et al. (2014) reported that toddlers
aged 19-26 months who were exposed to a storybook every day for two weeks
consumed more of the unfamiliar vegetable that had featured in the book compared
to an unexposed control vegetable. The picture book exposure not only increased
the intake of the unfamiliar vegetable, but it also reduced the level of
encouragement needed for the children to taste the target foods. Similarly, de
Droog, et al. (2014) reported a positive effect of exposure to an illustrated storybook
(which included an embedded health message) on intake of a familiar vegetable.
They further added that picture books are particularly effective when the children
are actively involved (e.g. when asked questions about the story). Children aged 4-
6 years increased their intake of carrots after being exposed to the vegetable in a
picture book. The study also found that eating more carrots displaced consumption

of cheese (high energy density food) within a snack.

In contrast, a study with 4-8 year old children found that engaging children with real
vegetables produced greater effects on tasting vegetables (fresh soya bean) than
visual exposure using photographs (Coulthard & Ahmed, 2017). This study shows
that direct experience with target vegetables is very important for increasing intake
of the vegetables, at least in the older children. However, the study did not include a

control group which received no intervention.

Outcomes of visual exposure research with very young children (around age 2

years) have been successful for increasing vegetable intake and in preschool,
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visual exposure has been embedded as part of multisensory learning interventions
(Coulthard & Ahmed, 2017; Coulthard, Palfreyman, & Morizet, 2016; Coulthard &
Sealy, 2017; Coulthard & Thakker, 2015; Coulthard, Williamson, Palfreyman, &
Lyttle, 2017; Nederkoorn, Jansen, & Havermans, 2015).

1.4.2.2 Role of olfaction (smell) in food intake

Olfaction plays an important role in sensing of foods; the smell of the food
contributes to overall flavour experience, and can influence the desire to consume a
particular food (Boesveldt & de Graaf, 2017). However, the influence of odour alone
on less palatable/ less pungent foods such as raw vegetables is understudied and
warrants further investigation. It should be noted that the outcome of olfactory
activities may dependonani ndi vi dual dand tlewabiltyetmsmellsboth
of which can vary by age (Monnery-Patris, Wagner, et al., 2015; Wagner,
Issanchou, et al., 2014). Although there are no studies implementing olfactory
experience alone for vegetable intake in children, there is emerging evidence for its

use in multisensory interventions (Dazeley & Houston-Price, 2015).

1.4.2.3 Multisensory learning interventions (sound, sight, touch and smell)

Investigations of multisensory learning (using sight, sound, touch, smell and
excluding taste) as a way of familiarising children to new foods, reveal that this
produces an increased willingness to try vegetables. For example, a study in
children aged 12-36 months found that familiarising children to unfamiliar fruits and
vegetables by looking, listening, feeling and smelling them during playtime for 4
weeks, increased their willingness to touch and taste these foods during lunch time
(Dazeley & Houston-Price, 2015). Similarly, Coulthard and Sealy (2017) found that
a single session of sensory play with fruit and vegetables was enough to encourage
children to try more of the study foods than those who only observed the fruit and
vegetable sensory play session or received non-food sensory learning,
demonstrating the importance of children actively touching and feeling the foods.
However, willingness to try was assessed using binary scores (0/1), depending on
whether the children placed the test foods it in their mouth or not, regardless of
swallowing the test food. Hence, the effect of this type of intervention on actual
intake beyond tasting is unknown. Also, this study only examined familiar
vegetables (i.e. carrots, cucumber and tomatoes (see, Ahern, Caton, et al., 2013),

thus, these findings may not generalise to unfamiliar vegetables.

Exposure to the sensory properties of food during tactile-play may particularly

benefit children who are food neophobic, going through a period of fussy eating or
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who are simply unwilling to taste new/ disliked foods (Coulthard & Sealy, 2017,
Coulthard & Thakker, 2015; Dazeley, et al., 2012; Nederkoorn, et al., 2015).
However, these suggestions are only based on correlations observed between food
avoidance behaviours, sensory learning and vegetable intake and so warrants
further investigation. In particular, it is important to consider how children who are
food fussy or neophobic and more sensitive to touch engage with these types of
activities. Sensory activities with food involving listening, seeing, smelling, touching,
and tasting can be encouraged from a very young age. See Figure 1.3 for simple
techniques which can be used when introducing new foods to young children.

The main advantage of using non-taste sensory learning is that it can be

implemented during the usual mealtimes or outside of the meal context; e.g. during

cooking, gardening and nutrition education sessions. Incorporating these activities

outside of the meal context may alleviate the stress associated with tasting the

vegetables for some children (Dazeley & Houston-Price, 2015). Other advantages

of visual exposure include ease of administration, since storybooks are more readily
applied to the early year sd cuare Ehismaynt ext th
save time and also reduce food waste. However, storybooks and taste are only part

of a bigger picture involving more comprehensive nutritional education.

1.4.3 Nutrition education interventions

Nutrition education interventions which include parents generally provide them with
nutritional information for their children and/or family. For example, Sharma,
Chuang, and Hedberg (2011) sent a tip-sheet about modifying home nutrition,
whereas Sirikulchayanonta, Ledsee, Shuaytong, and Srisorrachatr (2010) provided
a letter with guidance to motivate and encourage children to eat a variety and
guantity of fruits and vegetables. Tabak, Tate, Stevens, Siega-Riz, and Ward
(2012) gave parents the option to choose one of four newsletters from the following
topics: vegetable availability, picky eating, modelling or family meals. Clearly
parents play a central r ol eanyyoung dhirer chi | dé
regularly attend childcare, therefore, preschools are ideal settings to provide
nutrition education and to encourage healthy eating (Kobel, Wartha, et al., 2017;
Mikkelsen, Husby, Skov, & Perez-Cueto, 2014). Indeed, most preschool settings in
the UK are required to integrate some nutrition education within the nursery

curriculum (Department for Education, 2017).



= Listen and repeat the name of the
vegetable
= Listen to a vegetable story or song

= Tap the vegetable and hear the sound or
listen to the sound when biting and
chewing the vegetable

* Look at pictures of the vegetable

= Start with small pieces/ bites (preferably Learning to like
= Describe the vegetable colours

with no added flavour and in the
vegetables through
= Visually explore the vegetable in

absence of liked foods)
different forms; whole, peeled, chopped

= Minimum 10 exposures
= Encourage repeat tastings at a regular Se nSC_)I'y and cooked
Learning

interval (e.g. once a week)

= Smell the whole raw vegetable

» Feel the different textures with hands
e.g. when the vegetable is whole, sliced, .
grated, spiralized and cooked. EEeRE=Ehapp=d up
= Smell once its cooked

= Feel the vegetable in the mouth when
chewing

Figure 1.3 Basic sensory learning techniques that parents or preschool staff can use to encourage young children to become familiar with
vegetables. Ideas adapted from work by (Dazeley & Houston-Price, 2015)
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Nutrition education programmesintheear |l y years6 settings teac
parents and/or children about the nutritional value of food (Bell, Hendrie, Hartley, &

Golley, 2015; Gripshover & Markman, 2013; Williams, Cates, et al., 2014). In

education programmes which involve children, the sessions are usually interactive

and engaging as they incorporate fun activities such as educational stories, singing,

arts, crafts, drawing, games, gardening, cooking and tasting (Sharma, et al., 2011,

Vereecken, Huybrechts, et al., 2009; Witt & Dunn, 2012). Components of each

nutrition education programme vary, but in preschools they have generally proven

to be effective in encouraging children to increase their fruit and vegetable intake.

For example, in the study by Witt and Dunn (2012), children aged 2-5 years who

received 12 circle time | essons on the 06Col o
their vegetable snack intake by approximately 21%. However, education

programmes implemented in nurseries tend to focus on vegetables which are

already familiar to the children such as carrots, tomatoes and broccoli but their

effects on unfamiliar vegetables are less studied (Nekitsing, Blundell-Birtill,

Cockroft, & Hetherington, 2018).

Furthermore, nutrition education programmes are generally longer in duration and
can vary from a few weeks to several months compared to other interventions
which tend to be shorter in duration such as reward, pairing or taste exposure. For
example, educational interventions by Brouwer & Neelon, 2013, Reinaerts, Nooijer,
Candel, & Vries, 2007, Tabak, et al., 2012 and Vereecken, et al., 2009 were all 4
months or longer in duration compared to interventions involving taste exposures by
Remington, et al., 2012, Holley, Haycraft, & Farrow, 2015, Fildes, van Jaarsveld,
Wardle, & Cooke, 2014a Caton, et al., 2013 which were less than 4 weeks in
duration. This may be because it could take some time for small children to process
the information taught to them, hence learning from these types of intervention may
be beneficial in the longer term. Moreover, the effects of education programmes on
actual vegetable intake tend to be smaller than other interventions such as sensory
learning, reward or taste exposure (Appleton, et al., 2016; DeCosta, Moller, Frost, &
Olsen, 2017; Holley, Farrow, et al., 2017b). One reason for the smaller effect sizes
may be the over-reliance on self-report (food frequency questionnaires) or
assessing proxy measures of intake, such as liking, knowledge and willingness to
taste. More direct measures of intake may provide better evidence of the
effectiveness of nutrition education beyond their effects on awareness of and
knowledge about vegetables. Nutrition education provides only indirect experience

of vegetables within the curriculum and therefore may be less effective than direct
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exposure to foods by smelling, feeling and tasting (Nekitsing, Blundell-Birtill, et al.,
2018; Nekitsing, Hetherington, & Blundell-Birtill, 2018b). Therefore, incorporating
sensory activities including taste to nutrition education programmes may provide an

opportunity for children to change knowledge as well as intake of vegetables.

1.4.4 Non-food reward

Parents often use incentives in order to get their children to eat. However, offering

children liked foods (e.g. dessert) to encourage intake of target foods such as

vegetables can be counterproductive, with children reducing intake of the target

food and increasing intake of the liked food (Birch, Marlin, & Rotter, 1984; Mason,

2015). This has been explainedbyt he conce-ptusof fwhermei ono,
childrenbés preference for the reward is enc
discouraged (Birch, Birch, Marlin, & Kramer, 1982; Birch, et al., 1984; Mikula,

1989). As a result, research suggests that offering children non-foods rewards such

as stickers or social rewards such as praise may be more effective than food

rewards f or i ncreasing c hi{Coake Ehardbers, AWfegy et abl e i n
Croker, et al., 2011; Cooke, Chambers, Afiez, & Wardle, 2011; Corsini, Slater,

Harrison, Cooke, & Cox, 2013; Fildes, van Jaarsveld, et al., 2014a; Holley, et al.,

2015; Horne, et al., 2011; Laureati, Bergamaschi, & Pagliarini, 2014; Presti, Cau,

Oppo, & Moderato, 2015; Remington, et al., 2012). For example, a study by Cooke,

Chambers, Afiez, Croker, et al. (2011) with children aged 4-6 years found that

offering children a tangible reward (sticker) or social praise with daily taste

exposure increased childrends intake of a d
that the effects were sustained at three months follow-up when rewards were used

compared to taste exposure alone.

The learning process observed when rewards are offered can be explained by

operant conditioning. Here individuals make the association between a particular,

voluntary behaviour and subsequent consequences (Tolman, 1932). According to

the 6l aw of effectd or positive reinforceme
positive consequence then it is more likely to be repeated (Skinner, 1938;

Thorndike, 1911). However, use of reward means reliance on extrinsic motivation

and according to the self-determination theory use of this approach undermines

intrinsic motivation (Deci, Koestner, & Ryan, 1999). Also, the withdrawal of reward

at a later stage may result in extinction. It may be more appropriate to use rewards

in combination with other effective strategies such as modelling and taste exposure.

Itis unclear to what extentnon-f ood r ewards are additive to
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vegetable intake, since rewards are typically offered alongside taste exposure and
modelling (Cooke, Chambers, Afiez, Croker, et al., 2011, Fildes, van Jaarsveld, et
al., 2014a; Horne, et al., 2011; Remington, et al., 2012).

1.4.5 Modelling

Another important form of learning, is social learning theory acquired through

modelling (Bandura, 1977). Children learn new behaviours by observing their

parents, family and peers. Observational learning and modelling play a significant

role in childrenbds eating habits. Pioneerin
demonstrated the importance of peer modelling. For example, in one study a target

preschool child was seated next to another 3 or 4 peers with preferences for a

different vegetable, for four consecutive days. At the end of the study target children

displayed a shift in preference for the non-preferred vegetable (Birch, 1980).
Therefore, childcare settings may be ideal
Parents are also very important role modelsforthei r chi |l drenbd6és diets
behaviours (Brown & Ogden, 2004; Wardle, 1995). For example, a study with 8-12

year old children found that children were more likely to meet the recommendations

for fruit and vegetable consumption if children reported parental role modelling of

vegetable consumption at snack time and green salad at dinner (Draxten,

Fulkerson, Friend, Flattum, & Schow, 2014). Of course, while positive role

modelling by parents and peers can have a positive outcome, if children observe

food refusal and low intakes of healthy foods then this too will be modelled.

Therefore, parents are key role models in this endeavour (Scaglioni, et al., 2018).

Another strand used in modelling research is the use of animated characters. For
example, in a study by Horne, et al. (2011) children were shown videos of cartoon
characters Jess and Jarvis who named the target fruit or vegetable and then
enthusiastically modelled eating the target food. Modelling was used alongside
taste exposure and reward strategies. The study reported a significant increase in
intake of multiple fruits and vegetables from baseline to post-intervention and intake
was maintained at the six-month follow-up in children aged 24-52 months. Whilst
animated footage is appealing and within the frood Dudesoprogramme shown to
be effective (Horne, et al., 2011), animation interventions may take time to produce
an effect. For example, in a study by Zeinstra, Kooijman, and Kremer (2017)
children aged 4-6 years watched eight sessions of a video clip featuring two popular
Dutch TV idols role modelling carrot eating and some children also ate carrot at the

same time. The study reported no increase in carrot intake post-intervention,



21 Chapter 1

however at 9-month follow-up it was reported that carrot intake increased by 20-
30g. This may be because all children were 9 months older by the follow-up and
research suggests that children tend to become less fussy with time (Cooke,
Chambers, Afiez, Croker, et al., 2011). Although, the study by Zeinstra, et al. (2017)
used a vegetable (carrot) which is generally consumed by children, the authors
reported that approximately 40% of the children were consistent non-eaters.
Character modelling using videos may be an effective strategy for encouraging
some young children to eat vegetables, however developing these types of
interactive videos require animator skills, are time consuming and can be costly.
Whereas parent, teacher and peer modelling are convenient and ecologically valid
approaches and are likely to be feasible and sustainable over time.

1.4.6 Stealth and pairing

Hiding vegetables or masking their flavour is a popular method used by parents to

encourage intake by stealth (Caton, Ahern, & Hetherington, 2011; Holley, Farrow, &

Haycraft, 2017a; Pescud & Pettigrew, 2014). Parents disguise vegetables by

blending them with other foods or including a puree version within a sauce which

the child likes to eat. Spill, Birch, Roe, and Rolls (2011a) demonstrated that hiding

vegetables among other foods to reduce energy density is an effective strategy for

increasing vegetable intake and decreasing overall energy intake at mealtimes.

This method may increase chilPdscudands vegetab
Pettigrew (2014) argue that children are unaware of hidden vegetables and

therefore are missing the opportunity to learn actively about the vegetable.

Pairing strategies includes flavour-flavour learning (e.g. pairing with salt) and
flavour-nutrient learning (e.g. pairing withoil)t o i ncrease chil drenobs
consumption. (Ahern, Caton, Blundell, et al., 2013; Ahern, et al., 2014; Bouhlal, et
al., 2014; Capaldi-Phillips & Wadhera, 2014; Caton, et al., 2013; de Wild, et al.,
2013; Hausner, et al., 2012; Remy, et al., 2013; Savage, Peterson, Marini, Bordi Jr,
& Birch, 2013). The method generally involves pairing the target vegetable with a
food or flavour which is already liked. This can be explained by associative learning
which predicts that linking a liked food or flavour with a disliked stimulus increases
acceptance of the disliked stimulus (Wadhera, Capaldi Phillips, & Wilkie, 2015). The
learning process involves the participant forming associations between the new
flavour and the positive aspects of the unconditioned stimulus such as nutrients or
liked flavour, which would result in participant eventually developing preference for

the original new flavour (Capaldi, 1996). Since vegetables are usually disliked due
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to their bitter taste and low energy density (Gibson & Wardle, 2003) this type of
conditioning may be expected to enhance the taste and energy density and thus

increase ¢ h i | gliking andl vegetable intake.

The pairing strategy has mostly been combined with taste exposure techniques,
however the evidence for use of this strategy is mixed in the literature (Appleton,
Hemingway, Rajska, & Hartwell, 2018; Holley, Farrow, et al., 2017b; Wadhera, et
al., 2015). For example, a study by Capaldi-Phillips and Wadhera (2014) with
preschool children found that pairing sweetened or unsweetened cream cheese
was more effective than repeated exposure alone for a novel bitter tasting
vegetable (brussels sprouts) but pairing was not effective for a familiar non-bitter
vegetable (cauliflower) and taste exposure alone was effective. In comparison
studies by Caton, et al. (2013) and de Wild, de Graaf, and Jager (2015) have
demonstrated that repeated exposure was effective while flavour-flavour learning
(FFL), orflavour-nut r i ent |l earning (FNL) had no addit

of vegetables.

These findings for FFL and FNL may be attributed to the type of vegetables used in
these studies (i.e. novel, unfamiliar vegetables) or due to the unfamiliar pairing with
the flavours used (e.g. nutmeg). Also, young children may rely on their internal
biological signals for initiation and termination of feeding and are likely to reduce
intake of energy dense foods due to satiation processes (Hughes & Frazier-Wood,
2016). Therefore, adding extra energy (e.g. sunflower oil and maltodextrin) may
alter the sensory profile of foods, thus the texture and flavour experienced and this
may evoke conditioned satiety (Caton, et al., 2013; de Wild, et al., 2013; Remy, et
al., 2013). As a result, children may be deterred from eating the vegetables paired
with additional energy. Moreover, there may be an issue of generalization
decrementof using FFLand FNL, i . e. , chil d6s acceptance of
a particular added flavour may vary and not generalise to the same vegetable in its
pure form or with an alternative flavour (Wheeler, Amundson, & Miller, 2006). The
use of FFL and FNL may need to be evaluated when promoting vegetable intake in
young children.

1.4.7 National initiatives to improve vegetable intake

Governmental efforts have been devised to i
consumption, mainly through repeated offering and therefore exposure. For

example, in the UK to encourage fruitandveget abl e intake in youn(
School Fruit and Vegetabl e SchwheiedildénSFVS) h
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aged 4-6 years in primary schools are offered one free fruit or vegetable daily
(NHS, 2018). However, it is unknown how frequently children receive vegetables as
part of this scheme. In a longitudinal study which offered free fruit to children there
was no overall benefits after 14 years on intake of fruits and vegetables (Stea,
Hovdenak, et al., 2018). Another example is the wide reach (UK, EU and US) of the
Food Dudes nutritional education programmes. The programme is based on
evidence-based ways to encourage children to eat healthily, including increasing
their vegetable intake (Centre for Activity and Eating Research; Bangor University,
2000-2019).

Recently there have been advances in the development of technology and
entertainment education for increasing youn
vegetables. Based on evidence, mobile phone apps are available to support

parents and children. pp (Roclne Rrodyrctioe, 2018 flerl a v o r
introducing a range of vegetables during co
Mat hs Mapp foresuppadtinggpreschool and primary school children to learn

about eating different vegetables as well as enhancing their maths skills (Aston

University, 2018). Farrow, Belcher, etal. (2019)r eport ed t hat &éVeget ab
Masters6 which uses repeated visual exposur
successful for increasing chi lethbles.iBibice | i ki ng
these are novel tools, it is not yet known whether their implementation will influence

intake of unfamiliar vegetables in the long-term.

1.5 Overall summary and gaps in the existing literature

The present chapter has provided evidence of low intake of vegetables among

children and that | ack of vegetable consump
in the short and the long term. Therefore, insufficient intake of vegetables in

children remains an area of concern for parents and for public health agencies. As
illustrated by the ecol ogical model there a
dietary intake behaviour, including child factors, parental factors and wider social

factors. Hence multiple factors may need to be considered when developing

strategies to promote vegetable intake in children.

Despite various efforts from parents, carers, professionals and public health
agencies it remains a challenge to encourage children to eat more vegetables.
Hence more research is needed to understand which strategies are effective in
young children and whether some strategies are more effective than others. More

research is needed to investigate which strategies are effective for children going
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through a period of food fussiness. Also, there is a need to assess if strategies are
specific to the type of vegetable i.e. whether they are familiar or unfamiliar to the

child. This knowledge will help to tailor interventions in home and childcare settings.

Evidence from research highlighted in this Chapter shows that most published
interventions that aim to improve vegetable intake are successful to some extent.
However, they all have limitations which should be considered when developing
future interventions (Appleton, et al., 2016). For example, the taste exposure
strategy which is based on mere exposure theory is effective for increasing intake
of target vegetables but there is no evidence that the effect will transfer to other
vegetables beyond those targeted (Hendrie, Lease, Bowen, Baird, & Cox, 2016).
Similarly, nutrition education is crucial for building knowledge about eating a variety
of vegetables; however, simply learning about why and what we should eat does
not bridge the gap between awareness and actual consumption (Nekitsing,
Hetherington, & Blundell-Birtill, 2018). Non-taste sensory learning and visual
exposures are a hovel approach for promoting vegetable intake in children,
however the methodology of measurement needs to be improved to accurately
assess how effective these strategies are beyond increasingc hi | dr enédés wi | | i

to taste.

A single strategy is unlikely to work for every child; therefore, combining strategies
discussed earlier rather than using a single component intervention may benefit
greater numbers of children, including those who are going through a period of
fussy eating. Finally, many strategies highlighted in the present chapter seems to
be effective for promoting vegetable intake in preschool children, including taste
exposure, non-taste sensory learning, visual exposure, nutrition education, non-
food reward, modelling, stealth and pairing. However, more qualitative research is
needed to understand if these strategies are used by parents in home settings. As
parents are key role playersinchildren6 s di et and theehrlgyearaur fr om
having some contextual knowledge about strategies parents employ at home would
help health professions to better develop interventions for young children in the

future.
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1.6 Aims and objectives

Specific research aims for individual studies and methods implemented are
highlighted within each Chapter. See Figure 1.4 for an overview of the present
thesis. The overarching aim of this thesis was to investigate strategies to promote
vegetable intake in children aged 2 to 5 years using a mixed method approach. The

aim was achieved in three phases:

First, a systematic review was conducted and meta-analysis was employed to
synthesise existing evidence of vegetable promoting strategies for children aged 2-
5 years. In particular, the systematic review assessed which strategies are most
effective for encouraging vegetable intake and if there any specific strategies
developed for the food fussy children (Chapter 2).

Second, two intervention studies were developed based on findings from the
existing literature and scientific evidence. Studies were conducted and evaluated
using robust experimental design (e.g. randomised controlled trials) and process
evaluations were also completed to assess implementation, feasibility and suitability
(Chapters 3 and 4).

Third, a qualitative study was designed for an in-depth understanding and insight
into parental perspectives on strategies used during the preschool years to increase
childrends v e g e tThematieanaysisvas urga toiexplore if
strategies used by parents of high food fussy children were different to those used
by parents of low food fussy children (Chapter 5). Findings from Chapters 1to 5
were synthesised and discussed in the general discussion Chapter and

recommendations were made for future research and practice (Chapter 6)



Chapter 1: General introduction Strategies to increase
Background and theories -
vegetable intake

Why vegetables?
Why 2-5 years olds?
Influences and Strategies

Chapter 3: Taste exposure and nutrition education
Intervention study 1 with process evaluation, based
on findings from the systematic research review

Chapter 2: Systematic review
with meta-analysis of vegetable
promoting strategies in preschool
children

Chapter 5: Parental Strategies
Qualitative study investigating
vegetable promoting strategies
used by parents of 2-5 year olds

Chapter 4: Storybook and sensory play
Intervention study 2 with process
evaluation, based on findings from SRR

and intervention study 1

Chapter 6: General discussion
Synthesis and integration
Bringing together evidence from

all chapters

Figure 1.4 Overview of the thesis Chapters
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Chapter 2
Systematic review and meta-analysis of strategies to
increase vegetable consumption in preschool children aged

2-5 years

In Chapter 1 various strategies, and their theoretical bases, used to increase
vegetable intake in preschool children were discussed. There is a need to
objectively assess which strategies are most effective for increasing vegetable
intake in children at the peak of food fussiness (aged 2-5 years). Therefore, the
present chapter aims to collate and evaluate evidence concerning vegetable
promoting strategies from contemporary studies using a systematic approach and

synthesise results using meta-analyses.

2.1 Steps taken

1. Planned a systematic research review to compile evidence of existing
intervention studies looking at promoting vegetable intake in preschool
children aged 2-5 years

2. Registered the systematic research review on PROSPERO international
prospective register of systematic reviews to show transparency in the
research

3. Conducted the systematic research review using scientific databases,
including the grey literature databases
Collated evidence from contemporary studies, from 2005 - 2016
Compiled evidence using quantitative synthesis (meta-analyses)
Reported findings in accordance with the Preferred Reporting Items for

Systematic Reviews and Meta-analyses (PRISMA) guidelines
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2.2 Introduction

As discussed in Chapter 1 eating the recommended amount of fruits and
vegetables has many health benefits, yet most consumers across different
countries do not meet dietary recommendations for daily fruits and vegetable intake
(Aune, et al., 2017; Hall, Moore, Harper, & Lynch, 2009; WHO, 2011). Evidence
from large cohort studiesst r ongly suggests that preschool
is insufficient (Angelopoulos, Kourlaba, Kondaki, Fragiadakis, & Manios, 2009;
Huybrechts, Matthys, et al., 2008; Manios, Kourlaba, et al., 2009). Increasing
vegetable intake is more important than increasing fruit intake because fruits are
high in natural occurring sugars and according to Oyebode, et al. (2014) vegetables
have a greater protective effect than fruit (reducing death by 16% per each daily
portion compared to 4% for fruit).

Low consumption of vegetables has been attributed to their strong or bitter taste,
unfamiliar texture, low energy density and lack of availability/ accessibility as well as
eating behaviour traits such as food fussiness and food neophobia (Bell & Tepper,
2006; Blanchette & Brug, 2005; Cooke, et al., 2007; Cooke, et al., 2004; Di Noia &
Byrd-Bredbenner, 2014; Dovey, et al., 2008; Holley, Haycraft, et al., 2017; Johnson,
McPhee, & Birch, 1991; Rasmussen, et al., 2006). Food fussiness peaks in children
aged 2-5 years, yet this is also a time when children acquire novel food preferences
since eating habits are still developing (Addessi, Galloway, Visalberghi, & Birch,
2005; Cooke, et al., 2007; Cooke & Wardle, 2005). Vegetable intake may be doubly
disadvantaged by disliking and child fussiness, however, strategies such as
repeated taste exposure, modelling, flavour enhancement, stealth, tangible rewards
(non-food) or social praise have been shown to promote vegetable intake (Anzman-
Frasca, Savage, Marini, Fisher, & Birch, 2012; Caton, et al., 2013; Cooke,
Chambers, Anez, & Wardle, 2011).

It is important to understand which strategies are most successful in early years to
promote liking and intake of vegetables, as eating habits developed during
childhood track into adulthood (Harris, 2008; Ventura & Worobey, 2013). Evidence
from previous reviews suggests that interventions to encourage fruit and vegetable
intake are selectively beneficial for fruits but not vegetables (Evans, et al., 2012;
French & Stables, 2003). Changing vegetable intake might require different
strategies to promote intake. Most reviews of fruit and vegetable intake tend to
focus on children aged five and over, reporting intakes of both food groups (e.g.
Blanchette & Brug, 2005; Delgado-Noguera, Tort, Martinez-Zapata, & Bonfill, 2011,
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Diep, Chen, Davies, Baranowski, & Baranowski, 2014; Evans, et al., 2012; French
& Stables, 2003; Krolner, Rasmussen, et al., 2011; Rasmussen, et al., 2006). A
systematic research review by Appleton, et al. (2016) described vegetable
promoting interventions across the lifespan. From their search, 77 studies detailing
140 interventions were found, most (81%) of these were conducted in children. This
may be attributable to a greater opportunity to intervene in school settings or to a
greater adaptability of children to interventions compared to adults. However, it may
also be more important to intervene early to change eating habits since health

benefits can be accrued over time.

To date two Cochrane reviews with meta-analysis have been published concerning
vegetable intake in children aged 5 and under (Hodder, Stacey, et al., 2018;
Wolfenden, Wyse, et al., 2012). The review by Wolfenden, et al. (2012) revealed
that pairing repeated exposure with a tangible non-food or social reward was
effective in increasing intake of targeted vegetables. However, only randomised
controlled trials were included in their review and only two studies were included in
their meta-analysis. Similarly, the recent meta-analysis by Hodder, et al. (2018)
included 11 studies, hence, there may be other effective strategies missed by these
reviews. Moreover, they also included studies with children younger than two who
may be more willing to eat vegetables compared to the children who are
experiencing the peak of food fussy period (2-5 years) (Cashdan, 1994; Caton, et
al., 2014). Finally, a systematic review by Holley, Farrow, et al. (2017b) qualitatively
summarised various strategies used for encouraging vegetable intake in 2-5 year
olds, however their search returned a limited number of studies looking at

educational strategies.

2.2.1 Aims and objectives

The present review aimed to investigate the effectiveness of interventions to
increase vegetable intake in children aged between 2-5 years by performing a
comprehensive search and including a variety of study designs and settings. In
particular the study aimed to objectively identify strategies which are most

successful for increasing vegetable intake.

2.3 Methods

The protocol for the present review was registered on PROSPERO; International
Prospective Register for Systematic Reviews (registration number:

CRD42016033984). The review is reported in accordance with Preferred Reporting
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Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines (Liberati,
Altman, et al., 2009). See Appendix Al for the completed PRISMA checkilist.

2.3.1 Search strategy

The databases searched to identify published articles were OVID (Medline,
Embase, PsycINFO, Global Health and CAB Abstracts), EBSCO (Cumulative Index
of Nursing and Allied Health Literature; CINAHL and Educational Resource
Information Center Database; ERIC), Cochrane Central Register of Controlled
Trials (CENTRAL), ProQuest, PubMed, Scopus, and Web of Science. Moreover,
grey literature databases e.g. SIGLE, Open Grey, Copac, World Cat and the
reference lists of relevant previous reviews and retrieved articles were also hand

searched.

As the food environment and food habits have changed over time and the

International Health Regulation (IHR) framework was introduced in 2005 (WHO,

2007), contemporary evidence of studies published since the year 2005 (to January

2016) were sought. The language was limited to English. The key terms highlighted

in Table 2.1 were used and adapted according to the requirements of individual

databases for subject field (for example, for some search engines only a few

keywords were used to retrieve maximum papers whereas for others most keyword
groups were combi ned us iisecgetrigval of maindy netbvafita nd 0 t
papers). See Appendix A2 for an example of the search strategy using the Medline

database.

Table 2.1 Search terms used to identify relevant articles for the present systematic
research review

Subject Related keywords

Topic Vegetable OR vegetables OR veg OR F&V OR FV

Intervention OR strategy Or strategies OR facilitators OR campaign OR
Intervention promote OR programme OR initiative OR factor OR trial OR liking OR
/ Outcome preference OR intake OR consumption OR uptake OR attitude OR
behavior OR behaviour

Child OR Children OR infant OR toddler OR pre-schooler OR
preschooler OR girl OR girls OR boy OR boys OR mother OR maternal
OR father OR parent OR caregiver OR 2 year Or 3 year Or 4 year Or 5
year OR age 2 OR age 3 OR age 4 OR age 5

Participant

School OR nursery OR Nurseries OR daycare OR day-care OR early
Setting year OR early years OR preschool OR playschool OR playgroup OR
kindergarten OR classroom OR home
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2.3.2 Selection of studies

The screening process was done by a single reviewer (CN). Studies which aimed to
increase childrends vegetable intake were <c
included if vegetables were the only target food group or were part of a health
intervention (e.g. promoting healthy eating or/and physical activity). Studies in
which vegetable intake data could not be extracted were excluded; for example,
studies measuring fruit and vegetables combined or measuring secondary
outcomes such as liking, willingness to try or using proxy measures of intake such
as vegetables observed in lunch boxes. Likewise, to focus on findings from the age
group which was most likely to experience food fussiness, studies were also
excluded where data on children of the desired age range (2-5 years) could not be
extracted. Only full articles were included. No restrictions were applied for study
designs (e.g. randomised controlled trial; RCT, experiment or pre-post format), type
of interventions, settings or comparison groups. A total of 30 studies were identified
for inclusion, see Figure 2.1 for PRISMA flow diagram of the study selection

process.

2.3.3 Data extraction

The details of each study were extracted by the author CN and were verified by a
second reviewer (MH or PB). An extended summary table of each study including:
the type of intervention, aim, design, participant age, study setting, details of
intervention, comparison and main outcomes for vegetable intake is presented in
Table 2.2.

The vegetable intake data extracted was based on direct measurements,
observations or from parent self-reported questionnaires. For the meta-analysis
vegetable outcome data immediately post-intervention were used (not the follow-

ups). If necessary the study authors were contacted for further details.
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CENTRAL (n=708), EBSCO
(n=344), Ovid (n = 762), ProQuest
(n = 884), PubMed (n = 119),

Scopus (n = 983) and

Web of Science (n = 817)

Total (n = 4617)

~

-

Additional records
identified through
grey literature/ hand

-

searching
(n=0)

IDENTIFICATION

v

Records after duplicates
removed
(n =2961)

<

l

:
[

Records screened
(n =2961)

J-

l

for eligibility
(n =129)

[Full-text articles assessed |

l

Studies included in
qualitative synthesis
(n =30)

l

|
[

Studies included in
quantitative synthesis;
meta-analysis
(n =30)

|
|

7

J -

Duplicates removed
(n =1656)

Records excluded by
screening title and
abstract
(n =2832)

-

~N

Full-text articles
were excluded:
Did not meet
eligibility criteria,
Unable to extract
data required
(e.g. age group or
vegetable
outcome),
Only secondary
outcomesor
estimates of
intake

(n =99)

Figure 2.1 PRISMA diagram of the study screening process and article selection.



Table 2.2 Summary of studies included in the review that assesses strategies to increase vegetable intake in preschool children, aged 2-5 years.

Study/

intervention

Bell, et al.
(2015)

- Educational
- Food service

Bouhlal, et al.
(2014)

- Taste

exposure
- Pairing

Brouwer and
Neelon (2013)

- Educational

Assess the impact
of A St arEat
Ri ghtonnut
award scheme
(SRER) on food and
nutrient intakes.

Pre-post

Between-
subjects

Compare effect of
repeated-exposure
and flavour-flavour
learning on
acceptance of a
non-familiar
vegetable (salsify
puree).

Assess the Cluster
feasibilit RCT
Me Gr owo ;

gardening

intervention to

promote fruit and

vegetable intake.

Sample?, setting,
location

2-4 years

n=216-221

Day-care centres

(Adelaide, South
Australia)

24-36 (27.13
7.37) months

n=151
Nurseries

(Dijon, France)

3-5 years
n=12

Childcare
centres

(North Carolina,
USA)

Intervention

Centre directors and cooks received
9 hours of nutrition training
(including improving provision of
fruit and vegetable). SRER dietitians
supported the staff and reviewed
the progress of the programme.

8 exposures to salsify
(weeks 2-5)

1) repeated exposure (RE) - salsify
in standard form

2) flavour-flavour learning (FFL salt
- salsify with added salt

3) FFL spice - salsify with added
nutmeg spice.

The 4-month intervention included a
fruit and vegetable garden, monthly
ficreenpont ho curri ci
gardening support, and technical
assistance from health educator.

Control/
comparison

Pre-intervention
measures.

Pre-intervention
measures
(week 1)

Control vegetable:

carrot intake
measured at pre
and post
intervention, no
exposure.

Pre-intervention
measures (not
same individuals
observed at
baseline and post
intervention).
Control centres

Vegetable related conclusions for
primary and secondary outcome

Post intervention (2-6 months later)
intakes of all core food groups
increased except for vegetable intake
(estimated using observed plate
wastage method).

Future research to investigate nutrition
strategy to reduce food wastage, i.e.
change intake, in particular vegetables
to maximise cost effectiveness of food-
service interventions.

Increase in the amount consumed (g)
of the unfamiliar vegetable at post-
intervention (week 6) and at follow-up
week 10, 19 and 32. No group effects
on liking or intake however, greater
change in RE compared to both FFL
groups.

RE is an effective and simplest method
to increase vegetable intake in the
short and long term.

Vegetable intake (servings) was
greater for intervention children
compared to control children.

Four centres were involved, but intake
of only 3 children was randomly
observed from each centre.
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Study/

intervention

Caton, et al.
(2013)

- Taste
exposure
- Pairing

Correia,

O'Connell,

Irwin, and

Henderson

(2014)

- Pairing

- Visual
exposure

Compare
effectiveness of FFL
and FNL with RE on
increasing intake of
a novel vegetable
(artichoke puree).

Investigate pairing
of a vegetable
(broccoli) with a
familiar, well-liked
food and enhancing
the visual
appearance of a
vegetable
(cucumber) on
increasing
vegetable intake.

Design

Randomly
assigned
between-
subjects

Cluster
randomised
crossover

Sample?, setting,
location

24-38 (31.05
3.50) months (full
study sample 9-
38; 23.6 + 5.09
months)

n = 32 (data
extracted fromn =
72)

Nurseries

(West and South
Yorkshire,
England, UK)

4-5 (4.4 £ 0.6)
years

n =43 (Lunch)
n = 42 (Snack)

Child-care centre
(New Haven

Connecticut,
USA)

Intervention

10 exposures to artichoke puree
(over 3 weeks)

1) RE: basic form
2) FFL: paired with sucrose
3) FNL: paired with sunflower oil

Lunch (paired with a familiar food):
steamed broccoli served on top of

cheese pizza.

Snack (visually appealing): raw
cucumber served with chive and
olive arranged in a shape of a

caterpillar.

Control/
comparison

Pre-intervention
measures

Control vegetable:
carrot intake
measured at pre
and post
intervention, no
exposure

Comparison
lunch: steamed
broccoli was
served on the side
of cheese pizza.
Comparison
snack: raw
cucumber was
served as
semicircles with
chive and olive
garnish.

Vegetable related conclusions for
primary and secondary outcome

Intake (g) of both vegetables increased
over time however, changes in
artichoke intake was greater than
carrots. Artichoke intake increased to
the same extent in all conditions and
effect was persistent up to 5 weeks
post-intervention. Therefore, regardless
of the familiar taste or energy density,
repetition is imperative for increasing
intake.

Five exposures were sufficient to
increase vegetable intake.

No increases in vegetable (g)
consumption. Pairing increased
willingness to try (consumption of 3g or
more) the vegetable.

Greater consumption at snack time
indicated that snack times in nurseries
are opportune moments for increasing
vegetable intake.
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Study/

intervention

Cravener,
Schlechter, et
al. (2015)

- Reward

de Wild, et al.
(2013)

- Taste
exposure
- Pairing

Effects of pairing
positive stimuli
(stickers and
cartoon packaging)

with vegetables and

presenting them as
a default snack in
fi | -wegetable

consumer s o

of obesity.

Investigate FNL as
a strategy to
increase

acceptance of novel

vegetable (endive).

Design

RCT

Crossover

Sample?, setting,
location

3-5(3.9 % 0.8)
years

n=24
Home-based
(State College,

Pennsylvania,
USA)

24-48 (35.0 £ 8.3)
months

n=28
Day-care centres

(Wageningen,
Netherlands)

Intervention

4 weeks parent-led intervention.
Week 1 (baseline) and week 4
(follow-up): generic packaged raw
vegetables (celery, broccoli, carrots,
red peppers, cauliflower, and sweet
snap peas) offered as a free choice
with an alternative snack (granola
bar).

Weeks 2 and 3: vegetables
packaged in containers with
favourite cartoon characters and
stickers inside, presented as the
default choice (children were
allowed to opt out and request the
granola bar after a 5-minute wait).

7 weeks crossover intervention.
Vegetable soups (endive and
spinach) were offered twice per
week (7 exposures to each
vegetable). FNL: vegetable soup
paired with high energy (endive or
spinach)

1) High energy variant of one soup
(endive) and low energy variant of
the other (spinach)

2) Low energy variant (RE) of one
soup (endive) and high energy
variant of the other (spinach)

Control/
comparison

Pre-intervention
measures

Week 1-4: control
group received
generic packaged
vegetables,
presented as a
free choice with
an alternative
snack (granola
bar).

Pre-intervention
measures

RE: no flavour-
nutrient paring:
low energy
version of each
vegetable soups
(maltodextrin and
sunflower oil was
not added)

Vegetable related conclusions for
primary and secondary outcome

Treatment group increased vegetable
intake (g per day) from baseline to
week 2, however the effects were not
sustained by week 4 when the
treatment was removed.

Parents were able to administer the
intervention in home settings therefore
future studies to test long-term
sustainability of these practices.

There was an increase in intake (g) for
both variant of vegetable soups
irrespective of the energy content, this
indicated effect of mere exposure on
intake, but not FNL.

Results showed a significant liking for
the vegetable soup paired with high
energy and this supports FNL. Effects
were significant at 2 and 6 months
follow-up.
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Study/

intervention

de Wild, de
Graaf,
Boshuizen,
and Jager
(2015)

- Taste
exposure
- Choice

Fildes, van
Jaarsveld, et
al. (2014b)

- Taste
exposure
- Reward

Fisher,
Mennella, et
al. (2012)

- Taste
exposure
- Pairing

Investigate if
choice-offering is an
effective strategy to
increase ¢c
vegetable intake in
home situation.

Test the efficacy
and acceptability of
mailed materials
giving parents
instructions on taste
exposure as a
means of increasing
vegetables
(disliked)
acceptance.

Determine if
repeated exposure
to a moderately-
liked raw vegetable
with a familiar dip
influenced liking and
intake among bitter-
sensitive and bitter-
insensitive children.

Design

Randomly
assigned
between-
subjects

RCT

Between 1
subjects

Sample?, setting,
location

2-5 (3.7 £ 1.0)
years

n=70
Home-based

(Wageningen,
Netherlands)

3-4 (3.9 £0.3)
years

n =442
Home-based
(Gemini cohort,
2011-2012,

England and
Wales, UK)

3-5 (4.0 £ 1.0)
years

n =147

Head Start
centres

(Houston, Texas,
USA)

Intervention

Exposed 12 times (12 days) to six
familiar target vegetables (broccoli,
carrots, peas, cauliflower, French
beans, and string beans) at home
during dinner.

Choice group were offered two
selected vegetables each time (4
exposures to each vegetable over
the 12 days).

Parent-administered intervention.
Parents were mailed instructions to
provide taste exposures.

The intervention involved offering
each child 14 daily tastes of a
disliked (target) vegetable with a
small reward (a sticker) if the child
complied.

Intake of six vegetables including
the moderately liked target
vegetable (broccoli) was measured
at baseline and post intervention.
Broccoli was offered in four
conditions twice a week for 7 weeks
(13 exposure trials).

1) with regular salad dressing as a
dip,

2) with a light (reduced energy/fat)
version of the dressing as a dip,

3) mixed with the regular dressing
as a sauce

Control/
comparison

Comparison: no-
choice group only
received one of
six target
vegetables on
each day (2
exposures to each
vegetable over the
12 days)

Pre-intervention
measures
Control group: no
treatment

Pre-intervention
measures

Control group:
broccoli without
dressing

Vegetable related conclusions for
primary and secondary outcome

Results suggested that choice-offering
has some, but not robust effect on
increasing vegetable intake (g) in
children. Age and liking of the
vegetables mediated the effect of
offering a choice.

Increased intake (number of pieces
eaten) of an initially disliked vegetable.
Study highlighted value of parent-
administered exposure and how such
strategy can be implemented without
direct contact with a health
professional.

Providing a dip in any form (regular,
light, or as a sauce) increased intake of
raw broccoli (g) among bitter-sensitive
preschoolers (70% in current study but
not those who were not bitter-
sensitive). Light-dip decreased intake in
children who were not sensitive to bitter
taste.

Liking increased following exposure but
did not vary by bitter sensitivity or dip-
condition.
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Study/

intervention

Gripshover
and Markman
(2013)

- Educational

(Harnack,
Oakes, et al.,
2012)

- Food
service

Assess the impact

of teaching young
children a new
theory; o f
source of

Evaluate the effects
of two meal service
strategies on intake
of fruits and
vegetables (serving
fruits and vegetable
first and serving
meals portioned by
providers).

Design

Cluster
RCT

Randomised
crossover

Sample?, setting,
location

4-5 (experiment 1:

4.9 £ 0.35,
experiment 2;: 4.7
+ 0.28) years

n =59
(experiment 1)
n =103
(experiment 2)
Preschool
(Stanford
University)

(Stanford,
California USA)

2-5 years
n=>53
Head Start centre

(Minneapolis,
Minnesota, USA)

Intervention

10-12 week intervention: conceptual
framework for understanding
nutrition included food-body
relationship, food as a source of
nutrition and diverse nutrients were
presented in five child-friendly
storybooks (included language,
colour photographs of food and
people and interactive questions).
The intervention group read 0-2
books each week.

Crossover trial over 6-week period
during usual lunch time.

1) Provider portioned condition
(week 1 & 6) - portioning a specific
quantity of all menu items on plate
rather than allowing the child to self-
serve food items.

2) Fruits and vegetables first
condition (week 3 & 5) - minor
adjustment to traditional family style
meal where fruits and vegetables
served first before other meal items.

Control/
comparison

Pre-intervention
measures

Experiment 1:
control group: no
treatment,
chil dr-enbd
tutored nutrition
knowledge was
recorded for
comparison.
Experiment 2:
alternative
condition, 5 child-
friendly story
books (e.g.
enjoyment of
healthy eating,
exercise etc.)

Control condition:
(week 2 & 4)
usual traditional
family style meal
service

Vegetable related conclusions for
primary and secondary outcome

Learning led children to eat more
pieces of vegetables at snack time in
both experiments, although the children
were not instructed to eat more
vegetables as part of the intervention.

Young children can benefit from an
intervention that teaches theories about
nutrition.

The observed intake of fruit but not
vegetable servings increased during
serving fruits and vegetables first
condition. Intake of both fruits and
vegetables was lower for provider
portioned condition. Results supports
the current recommendations for
traditional family style meal service.
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Study/

intervention

Hausner, et
al. (2012)

- Taste
exposure
- Pairing

(Holley, et al.,
2015)

- Taste
exposure

- Reward

- Modelling

Investigate mere
exposure, FFL and
FNL strategies to
increase a novel
vegetable
(artichoke).

Evaluate
effectiveness of
home-based
intervention of
rewards, modelling
and repeated
exposure to
increase
liking and
consumption of a
previously disliked
vegetable.

c

Design

Between-
subjects

Between-
subjects

Sample?, setting,
location

22-38 (28.7 + 3.71)
n =104
Nurseries

(Copenhagen,
Denmark)

25-55 (38.0 + 7.75)
months

n=115
Home-based

(East Midlands,
England, UK)

Intervention

10 exposure to respective artichoke
puree (over 4 weeks)

1) RE: mere exposure

2) FFL: sweetened puree

3) FNL: energy dense puree with
added oil.

Parents were instructed to offer
small piece of the target disliked
vegetable (selection from baby corn,
celery, red pepper, cherry tomato,
cucumber, and sugar snap peas) for
14 consecutive days.

Four experimental conditions:

1) Repeated exposure

2) Modelling (parent) and repeated
exposure

3) Rewards (sticker and praise) and
repeated exposure or

4) Modelling, rewards and repeated
exposure.

Control/
comparison

Pre-intervention
measures

Control vegetable;
carrot intake
measured at pre
and post
intervention

Pre-intervention
measures

Control centres:
no treatment

Vegetable related conclusions for
primary and secondary outcome

The mere exposure and FFL strategies
increased acceptance of vegetable
intake (g). Five to six exposures were
sufficient to increase intake of the novel
vegetable. Repeated exposure is a
simple and effective technique that can
be used in home and day care settings.

In comparison to the control group
increases in liking and consumption (g)
were seen in the rewards and repeated
exposure and the modelling, rewards
and repeated exposure condition.

Parent-led, home-based intervention
incorporating rewards and modelling
are cost efficient strategies to increase
childrends

vegetabl
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Study/

intervention

Horne, et al.
(2011)

- Taste
exposure

- Reward

- Modelling

Determine whether
modelling (animated
character) and
rewards intervention
produce large and
lasting increases in
fruit and vegetable
consumption.

Design

Within-
subjects

Sample?, setting,
location

24-52 (34.0)
months

n=20

Nursery (Bangor
University)

(Bangor, Wales,
UK)

Intervention

Children were exposed to 8 fruit and

8 vegetables (presented as 4

different food sets, each comprising
2 fruit and 2 vegetables).

Taste exposure: during baselines 1-
4, children received different food
set daily (snack time and again at
lunch time). Intake was not
rewarded during 4 baselines and
during lunch. At least 24 exposures
of the target vegetables offered.

Reward: 3 types of rewards were
offered during the target
fruit/vegetable intervention phases
based on how many pieces
consumed (sticker; lead to group
prize, badge or brick from
construction toy).

Modelling: animated TV characters
modelled eating the target foods
and urged

&

strongbod.

chi

dr e

Control/
comparison

Baseline
measures at
different points
(for four different
food sets)

Vegetable related conclusions for
primary and secondary outcome

The interventions produced significant
increases in percentage of fruits and
target vegetables (baby sweetcorn,
courgette, yam and mangetout) pieces
eaten. Effects were maintained 6
months after removal of rewards.

Intake at lunchtime, in absence of
rewards indicated that once liking is
established in one context, the
behaviour extended to other mealtimes.
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Study/

intervention

Martinez-
Andrade,
Cespedes, et
al. (2014)

- Educational

Reinaerts, et
al. (2007)

- Educational
- Food
service

Evaluate feasibility Cluster
and impact of RCT
fiCreci end-o

a clinic-based pilot

intervention to

prevent obesity.

Measure the effects  Cluster
of two school-based matched
interventions on and
chil dr enos randomised
fruits and

vegetables.

Design

Sample?, setting,

location

24-60 (40.6 £ 10.0)

months
n =201

Primary care
clinics
Home-based

Mexico City,
Mexico)

4-5 years (4-12
years full study
sample)

n=122-183
(data extracted
from n = 939)

Primary schools,
Home-based

(Limburg,
Netherlands)

Intervention

6 weekly educational sessions
promoted healthy nutrition and
physical activity (included
counselling, motivational
enhancement, obesity awareness
and prevention).

Parents and children engaged in
activities (e.g. playing active games,
cooking healthy snacks and creating
shopping list).

Counselling involved improving self-
efficacy and enhancing motivation
for change.

Interventions components matched
for age group (over 8 months).

1) Distribution condition - free fruit &
vegetable supply at school and a
daily routine integrating a periodic
moment for children to eat the
distributed fruit & vegetable together
(peer modelling).

2) multicomponent condition -
classroom curriculum and parental
involvement (children provided with
lunchbox, to bring fruit and
vegetables to school, homework,
newsletters and poster reminders at
local supermarkets)

Control/
comparison

Pre-intervention
measures

Control: usual
carei no
intervention

Pre-intervention
measures

Control group
received
programme after
the study period
(no intervention

during the study).

Vegetable related conclusions for
primary and secondary outcome

Intervention effects were found for

vegetable servings (FFQ) at 3 months
but no other behaviours. At 6 months,
no effect of intervention was detected.

Parents reported high satisfaction but
barriers for participation and retention
included transportation cost and time.

Future interventions need to investigate

how to improve participation and
adherence.

Interventions were effective in
increasing fruit and vegetable intake
(FFQ) for the overall study population
(4-12 years). However, for the age
group | (4-5 years) both interventions
did not indicate a significant positive
result.

The study did not comment on the

result of different age groups. However,

the differences in findings for different
age group indicated the importance of
age appropriate intervention.

1%
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Study/

intervention

Remington,
et al. (2012)

- Taste
exposure
- Reward

Roe, Meengs,
Birch, and
Rolls (2013)

- Variety

Design

Evaluate whether RCT
parental delivery of
an established
intervention
consisting of
exposure to "tiny
tastes of an initially
disliked vegetable,
combined with
reward, would be
effective in the
home setting.

Determine whether Crossover
providing a variety

of familiar

vegetables or fruit

as a snack would

lead to increased

selection and

intake.

Sample?, setting,
location

3-4 (3.95 £ 0.5)
years

n =140
Home-based

(North London,
UK)

3-5 (4.4 +0.1)
years

n=>58-60

Family centre
(The
Pennsylvania
State University)

(State College,
Pennsylvania,
USA)

Intervention

12 days Intervention: parents asked
to offer target disliked vegetable
(selection from carrot, cucumber,
white cabbage, red pepper, celery,
or sugar snap peas) every day for
12 weekdays.

1) Parent-administered taste
exposure sessions with tangible
rewards (stickers)

2) Parent-administered taste
exposure sessions with social
rewards (praise)

8 afternoon snack times (4 for fruits;
apple peach and pineapple and 4
for vegetables; cucumber, sweet
pepper and tomato).

Children were offered variety of all 3
vegetables together. Similar
offerings were also made for fruits.

Control/
comparison

Pre-intervention
measures

Control group: no
treatment

Comparison:
children were
offered 3 different
vegetables as a
single type (one at
atime).

Vegetable related conclusions for
primary and secondary outcome

Parental use of tangible rewards with
repeated taste exposures improved
childrends 1|iking
disliked vegetables.

Differences were maintained at 1 and 3

month follow-up.

Findings for social reward condition

was not significantly different from the

control condition.

Providing a variety increased intake of

fruits and vegetables (pieces eaten).

[AY4
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Study/

intervention

Savage,
Fisher,
Marini, and
Birch (2012)

- Food
service

Savage, et al.
(2013)

- Pairing

Design

Within-
subjects

Assess the effect of
serving a range of
entree portions on
childrends
intake and energy
density consumed

at the meal.

Within-
subjects

Compare the effects
of offering dips (with
and without familiar
herb and spice) with
vegetables and
vegetable alone
(without dip) on
childrenos
willingness to taste,
liking, and intake of
vegetables.

Sample?, setting,
location
3-5(4.3+0.5)
years

n=17

Childcare centre
(The
Pennsylvania
State University)

(State College,
Pennsylvania,
USA)

3-5 years

n=234
(experiment 1)
n=26-27
(experiment 2)

Childcare centre
(Central

Pennsylvania,
USA)

Intervention

Participants received different size
entrée portion (i.e. 100g, 160g,
220g, 340g and 400g) to measure
the effect of varying size portion
entrée on ad libitum energy intake
of macaroni and cheese, and fixed
portions of unsweetened
applesauce, green beans, and
whole-wheat roll.

Experiment 1 was conducted to
determine which vegetable was
familiar, disliked or refused and
which flavour dip the children
preferred.

Experiment 2: children rated liking
of celery and yellow squash with
and without their favourite reduced-
fat dip and intake was also
measured.

Control/
comparison

No pre-
intervention
measures or
control
comparison

Comparison:
intake of
vegetable without
dip

Vegetable related conclusions for
primary and secondary outcome

Increasing portion size of the entrée,
reduced the energy intake (kcal) of
foods served with the entrée, including
fruit (unsweetened applesauce) and
vegetable (green beans).

Serving smaller age-appropriate entree
portions may hel p i
nutritional intake including the intake of
fruit and vegetables served with the
entrée while decreasing plate waste.

Herb dip was preferred (pizza or ranch)
compared to plain dip. Children were
more likely to reject vegetable alone
than when served with herb dips.
Offering vegetables with reduced-fat
dips (familiar herb and spice flavours)
can increase tasting and thereby
promote liking and intake of vegetables
(9), including those which were
previously rejected or disliked (celery
and yellow squash).

ev
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Study/

intervention

Sharma, et al.
(2011)

- Educational

Sirikulchayan
onta, et al.
(2010)

- Educational

Design

Pilot test CATCH
(Coordinated
Approach to Child
Health) Early
Childhood
programme at
promoting healthy
nutrition and
increasing physical
activity.

Pre-post

Evaluate the use of
food experience,
multimedia and role
models for
promoting fruit and
vegetable
consumption.

Pre-post

Sample?, setting,
location

3-5 years
n=61

Head Start
centres

(Harris County
Texas, USA)

4-5 years
n=26
Kindergarten

(Bangkok,
Thailand)

Control/
comparison

Intervention

Pre-intervention
measures

The intervention programme was
delivered by trained teachers over a
6-week period. The programme
included nutrition education,
physical activity and a family
component.

Nutrition-based lessons in
classrooms aimed at promoting
healthy eating habits such as
increasing fruits and vegetables
intake.

Parent were sent education tip-
sheets which were designed to
modify the home nutrition.

Pre-intervention
measures

The 8-week intervention consisted
of eleven 30-40 minutes interactive
activities (e.g. games, cartoon,
gardening and cooking).

Classroom curriculum: introduced
health benefits of fruit and
vegetables to improve familiarity
and acceptance.

Letter were sent to parents to guide
them to motivate and encourage
their children to eat variety and
quantity of fruit and vegetables.
While eating together teachers,
peers, and parents were used as
role models.

Vegetable related conclusions for
primary and secondary outcome

Chil drends observe:
did not increase significantly.

Results indicated good feasibility and
acceptability of the programme.

The intervention was effective in
increasing fruit and vegetable
consumption (g).

Study recommend nutrition education
in the course curriculum in combination
with social support from the teachers
and the family can improve and sustain
fruit and vegetable intake.

14%
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Study/

intervention

Spill, Birch,
Roe, and
Rolls (2010)

- Food
service

Spill, et al.
(2011a)

- Food
service
- Stealth

Design

Investigate whether  Crossover
increasing the

portion size of

vegetables served

at the start of a

meal leads to

increased vegetable
consumption and

decreased meal

energy intake.

Investigate whether ~ Crossover
incorporating

pureed vegetables

(hiding) into entrees

to reduce the

energy density

affected vegetable

and energy intake.

Sample?, setting,
location

3-5 (4.4 +0.71)
years

n=>51

Day-care centre
(The
Pennsylvania
State University)

(State College,
Pennsylvania,
USA)

3-5 (4.7 £ 0.62)
years

n=39

Day-care centre
(The
Pennsylvania
State University)

(State College,
Pennsylvania,
USA)

Intervention

Test lunch served once a week for 4
weeks.

In 3 experimental meals, a first
course of raw carrots was served
varying in portion sizes (30g, 60g
and 90g).

1 day a week for 3 weeks Breakfast,
lunch and dinner entrée energy
density was manipulated by
increasing the proportion of pureed
vegetables. Entrees were served
with un-manipulated side dishes
and snacks.

1) 85% ED (tripled vegetable
content),

2) 75% ED (quadrupled vegetable
content).

Control/
comparison

Control
comparison: no
first course served
in control meal

Control
comparison:
standard 100%
energy density
entrée.

Vegetable related conclusions for
primary and secondary outcome

Increasing the portion size of a
vegetable (carrot) served as a first
course was found to be an effective
strategy for increasing vegetable intake

(9).

The incorporation of considerable
amounts of pureed vegetables to
reduce the energy density of meal
(breakfast; zucchini, lunch; broccoli,
cauliflower and tomato and dinner;
cauliflower and squash) was effective
to increase the daily vegetable intake
(g) and decrease the overall energy
intake.

The consumption of more vegetables in
entrees did not affect the intake of the
vegetable side dishes i.e. at lunch
(broccaoli) or at dinner (green beans).

17
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Study/

intervention

Spill, Birch,
Roe, and
Rolls (2011b)

- Food
service

Tabak, et al.
(2012)

- Educational

Vereecken, et
al. (2009)

- Educational

Design

Determine the
effects of serving
varying portion
sizes of a low
energy dense,
vegetable soup on
chil drends
and vegetable
intake within a meal
and over the next
eating episode.

Evaluate a home- RCT
based intervention

targeted to parents

to improve

vegetable intake in
preschool-aged

children.

Evaluate the impact  Cluster
of the fABe RCT
Heal t hy at
intervention in

chil drends
consumption.

Crossover

Sample?, setting,
location

3-5 (4.7 % 0.85)
years

n=72

Day-care centres
(The
Pennsylvania
State University)
(State College,
Pennsylvania,
USA)

2-5 (3.6 £ 0.8)
years

n=43
Home-based

(Chapel Hill, North
Carolina, USA)

3-5 years
n =476
Schools

(East Flanders,
Belgium)

Intervention

Intervention took place 1 day a
week for 4 weeks. 3 varying the
portion size of tomato soup served
as a lunch first course (150g, 225g
and 300g)

Standard breakfast, lunch, and
afternoon snacks were provided
during the test days.

4-month feasibility study of home-
based intervention of:

2 motivational phone calls (parents
were asked to choose 1 of the 4
topics for improvement. Options
were vegetable availability, picky
eating, modelling and, family meals

4 tailored newsletters were sent
which covered all 4 topics.

6-month intervention (2 days
training for staff).

An educational package, including
an educational map for the
teachers, an educative story and
educational material for the children
and newsletters for the parents.

Control/
comparison

Control
comparison: no
first course was
provided.

Pre-intervention
measures

Control group:
were sent 4
childrend
(not health/
nutrition related)

Pre-intervention
measures

Control group

Vegetable related conclusions for
primary and secondary outcome

Serving a low energy dense, vegetable
soup (tomato) as a first course is an
effective strategy
intake of an energy dense main entree
and increase vegetable consumption
(g) at the meal.

Total vegetable consumption across
lunch (broccoli) and afternoon snack
(cucumber, cherry tomatoes and carrot)
increased as size of the soup portion
increased.

Intervention did not increase intake of
vegetables (FFQ). However, increases
were reported for availability, vegetable
types and number of fruits and
vegetables offered for snacks.

Home-based intervention altering
parentsd6 behaviour
practices and improving the home
environment may aid to increase
vegetable intake in children.

No significant effect of intervention was
evident for parental reported vegetable
intake (g; FFQ).

o
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Study/

Design
intervention

Evaluate the effects Matched
of nutrition- settings,
education Cluster
programme in child- RCT
care centres on

chil drrome s

daily consumption

of fruit and

vegetable and other

at-home dietary

behaviours.

Williams, et
al. (2014)

- Educational

Witt and
Dunn (2012)

Determine whether  Cluster
an interactive RCT
nutrition and

physical activity

programme i Co | ¢

me Healthy
increases fruit and

vegetable

consumption.

- Educational

Sample?, setting,
location

2-5 (4.4 £0.3)
years

n =1143 - 902

Childcare centres/
Home-based

(New York City,
New York, USA)

4-5 years
n=122
Childcare centres

(Boise, Idaho,
USA)

Control/
comparison

Intervention

Pre-intervention
measures

Registered dietician provided
nutrition education to the parents
and children separately over a 6-10
week period. Control centres
Children received nutritional

education e.g. eating variety of fruits

and vegetables (n
Veggieso). Staff

nutrition and physical activity policy.

Parents were sent weekly
newsletters (activities and recipes)

iCol or Me rogranametvdsy Control centres
delivered for 6 weeks. The did not receive the
programme used colour, music, and  curriculum
exploration of the senses to teach

children about healthy eating and

physical activity.

The intervention was teacher-led
and included 12 circle-time lessons
(2 each week, focused on fruit and
vegetables of different colours) and
6 imaginary trip (1 each week, fun
imaginary classroom activity).

Vegetable related conclusions for
primary and secondary outcome

The programmei mpr oved c-h
home daily consumption of vegetables
(reported by parents using pictures of
filled cup measurement), no effect on
fruit intake. The study also found a
significant increase in the frequency of
child-initiated vegetable snacking

(which contributed to the significant
increase in daily vegetable intake).

Future research needs to understand
the process by which nutrition-
education in childcare setting can
translate into changes at home
consumption.

Significant increase in the percentage
of fruit and vegetable snack consumed
(g) among the intervention group.
Results were also significant at the 3-
month follow-up.

aAge range and mean age (SD) reported where appropriate, sample size at baseline and immediately post intervention (if different to baseline)
G: grams, RE: repeated exposure, FFL: flavour-flavour learning, FNL: flavour-nutrient learning, g: grams, FFQ: Food Frequency Questionnaire

¢ Jadeyd
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2.3.4 Quality assessment

The quality of each study was assessed by at least two researchers independently
(CN and MH, PB or JC), using the Effective Public Health Practice Project (EPHPP)
guality assessment tool for quantitative studies (EPHPP, 1998; Thomas, Ciliska,
Dobbins, & Micucci, 2004). Any disagreements in scores were resolved by
discussion between two researchers (CN and MH). Five components were scored
(selection bias, study design, confounders, blinding, data collection methods and
withdraw and drop-out); from which the overall global quality ratings were
calculated. As the effect size did not vary by the quality of the studies (see Table
2.4), no studies were excluded from the analysis based on these ratings. See

Figure 2.2 for summary of the quality ratings.

Selection Bias 10 20

Design 17 13

Confounder 23 3 4

Blinding 26

w

Data Collection Method 14 11 5

Withdraw/ Dropouts 15 8 7

Global Rating 5 15 10

0% 20% 40% 60% 80% 100%

| m Strong ®Moderate ®Weak I

Figure 2.2 Summary of study quality assessment using the EPHPP quality
assessment tool
Only five of the 30 studies were rated as strong, 15 were rated as moderate and 10
were rated as weak. Every study had some methodological weakness as no study
scored strong for every item. There were substantial issue of selection bias as the
majority of the studies recruited convenient samples, hence none were rated as
strong on this criterion. Study design and allocation was not always appropriate but
as the authors generally described the design, the ratings were mostly satisfactory.
Most studies (n = 23) were rated as strong for the confounding variable criterion
because for within-s ubj ect design participantoés
the intervention and other studies performed covariate analysis to counteract this

char ac
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problem. Weaknesses identified were not measuring baseline and post-intervention
outcome data from the same individuals (e.g. Bell, et al., 2015; Brouwer & Neelon,
2013), and reporting whether precautions were taken to blind the researcher or the
participant. The researchers were mostly aware of the group allocation however,
blinding the participant to research purpose was not thought to be a problem in the
present studies because children young as 2-5 are unlikely to recognise the study
objectives. However, blinding was an issue if either the parents were the participant
or were responsible for delivering the intervention and reporting the intake
measures, as this may generate some reporting bias.

The data collection methods varied in studies; some studies measured vegetable
intake objectively i.e. in grams using a precise weighing scale, some observed the
number of pieces or servings eaten and others were self-reported using
guestionnaires such as FFQ. The methods used in studies were generally valid.
However, the reliability of these tools was sometimes challenged e.g. modifying
tools such as FFQ and not providing further details or intake observed by only one
researcher (possibility of reporting bias). Withdrawal and drop-outs were assessed
for the period immediately following the intervention and not for any follow-up
periods to ensure that each study was appraised equally. Many studies scored
weak on this criterion because they did not provide withdrawal information or
medium to large (n >100) size studies were more likely to experience higher drop-

out/ withdrawal rate.

2.3.5 Statistical analysis

Comprehensive Meta-Analysis (CMA, Biostat, Englewood, NJ, USA) software was
used to conduct the meta-analyses. Means, standard deviation (sometimes
calculated from the reported standard error) and the sample size (adjusted to the
lower value if pre and post n varied) were generally extracted from appropriate
time-points (pre and post intervention). If raw data were not reported then
significance t-test values, F-ratio and statistically significant p values were sought. If
the significant value was statistically significant but not precisely reported then
these were rounded to the significant value (e.g. < 0.05 entered as 0.05 and < 0.01
entered as 0.01). To calculate effect size for paired group studies, pre-post
correlation is required. However, none of the studies have reported these values in
their results. Therefore,based on t he authorsdéd knowl edge ¢
from a previous early years health intervention project; HabEat (Caton, et al., 2013;

Hausner, et al., 2012), a pre-post correlations thought to be reasonable, r = 0.6 (for
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unfamiliar or disliked) and r = 0.7 (for familiar vegetables, moderately liked and
usual vegetable intake) were identified and entered. Studies with more than one

intervention group were entered separately as intervention arms.

For each meta-analysis/ subgroup analysis (e.g. grouping by type of design) the

heterogeneity was assessed using 12 (inconsistency) statistics. Higgins et al. (2003)
describedl?’fias t he percentage of total wériation
heterogeneity rather than chanceo; values <
considered moderate and > 0.75 were considered high (Higgins, Thompson,

Deeks, & Altman, 2003). As studies did not use identical or even similar procedures

a random-effects model was used for all meta-analyses to pool estimated

differences in vegetable intake between intervention and comparison groups. This

model is more appropriate as there are various small size studies and the model

will give a relative weight based on the study population. The random-effects model

accounts for within study variance (included in the fixed effect model) and between

study variance. Effect sizes are reported using Hedges g (adjusted standardised

mean differences), as this measure accounts for differences in measurements of

the intake data (e.g. weight in grams, observations, FFQ score). The effect size

from each study with confidence intervals and cumulative effect sizes are presented

using forest plots (see Figures 2.3 - 2.5). Study was used as the unit for analysis,

except for analysis of intervention strategies for which the intervention arm

(condition) was used as the unit of analysis (for studies with more than one

intervention group).

Sensitivity analysis was performed by excluding three studies, one which reported
median data (Bell, et al., 2015), another with various experimental conditions but
none were defined as a standard or control condition (Spill, et al., 2010) and a third
study by Harnack, et al. (2012) which found non-significant effects for one of their
intervention arms but did not report the precise p value (p value of > 0.05 was
entered as 0.06). Subgroup analysis was conducted based on study methodology
(study design, location, study setting and quality assessment ratings) and
intervention factors (intervention strategies, type of vegetable, outcome

measurements, delivered by and the intervention recipient).

A meta-regression using the random effect model (methods of moments) was
performed on the number of taste exposures used in the intervention. Finally, a
funnel pl ot and Eggerds regression test wer

bias.
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2.4 Results

2.4.1 Participants and design

There were 4017 participants included in the review. The sample size varied in
each study from 12 - 1154 (902 post-intervention) and all studies included boys and
girls. The mean age was 3.8 years (based on studies which reported the mean age,
n =19). The children were generally from mid-high socioeconomic status, except for
Savage, et al. (2013) and Williams, et al. (2014) studies which assessed vegetable
intake in children of low income parents. The design of the studies included 4 RCT,
8 cluster RCT, 6 crossover, 6 between-subjects, 3 within-subjects, and 3 pre-post

formats (see Table 2.2 for individual study design).

2.4.2 Interventions

The duration of the interventions varied from two single sessions of pairing a
vegetable with or without liked food (e.g. broccoli on top of pizza vs broccoli on side
of pizza) to an eight-month educational programme. The interventions targeted
increasing vegetable intake only (n = 13), increasing intake of both fruit and
vegetables (n = 6), increasing vegetable intake as part of more general healthy
nutrition (n = 6), general healthy lifestyle (n = 4) or, to prevent obesity (n =1). To
promote vegetable intake in preschool children, nine dominant strategies emerged
from the included studies. These were educational interventions, repeated taste
exposure, pairing, changed food-services, explicit reward, modelling, choice,
variety, and visual presentation. Most of the studies included more than one of
these approaches; see Table 2.2 for the strategies included in each study and see
Table 2.3 for a description of each strategy and the number of studies using them.
There were no specific strategies identified for children going through the fussy
eating phase or food neophobia. The comparison groups were reported to receive
no treatment (or baseline consumption), usual care or received treatment after the

intervention phase.

2.4.3 Types of vegetables used: familiar/ usual and unfamiliar/ disliked

The type of vegetables included in the studies were classified as either: familiar/
usual or unfamiliar/ disliked. The familiar vegetables were usual everyday
vegetables, those which were commonly consumed and generally accepted by the
study children, for example red pepper, cauliflower, celery, snap peas (mangetout),

broccoli, carrots, tomatoes, cucumbers, green beans and swede.



Table 2.3 Description of each intervention strategy and number of studies using
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Intervention Brief description

1

Educational q

Taste T
exposure

1
Pairing or i
stealth

1

1
Food q
services

1
Explicit 1
reward T

1
Modelling
Choice T
Variety i
Visual T

presentation

Teaching about the nutritional value to children, parents or/and staff

(e.g. Williams, et al., 2014)
Children engage in fun activities such as gardening, games play,

cooking classes and tasting (e.g. Sharma, et al., 2011; Witt & Dunn,

2012)

Opportunity to repeatedly taste the same vegetable/s (e.g. Fildes,
van Jaarsveld, et al., 2014b; Hausner, et al., 2012); in present
studies the number of exposures varied from 21 24.

Presenting vegetables with a liked food or flavour for example herb
dip (e.g. Fisher, et al., 2012)

Providing additional nutrients for example sunflower oil or
maltodextrin (e.g. Caton, et al., 2013; de Wild, et al., 2013)
Vegetables by stealth, such as incorporating pureed vegetable into
an entrée (e.g. Spill, et al., 2011a)

Provision of target foods e.g. increasing availability and accessibility

(e.g. Bell, et al., 2015)

Changed the way food was provided (e.g. served vegetables first
e.g. Spill, et al. (2010))

Modification to the portion size (e.g. Savage, et al., 2012)

Social; praise (e.g. Remington, et al., 2012)
Tangible non-food rewards e.g. sticker or toy (e.g. Horne, et al.,
2011)

Learning through observation; for example. Holley, et al. (2015)
required the parents to model vegetable intake to encourage their
children to eat the vegetables whereas Horne et al. (2014) used
animated video characters to model eating of the target foods.

Provided vegetables singly or offered children a choice of two
vegetables (de Wild, de Graaf, Boshuizen, et al., 2015)

Offered vegetables individually or together (Roe, et al., 2013).

Provided vegetables in a visually appealing manner i for example
presenting slices of cucumber decorated with olives and chives in
the shape of a caterpillar (Correia, et al., 2014).

10

Unfamiliar/ disliked vegetables were those which were novel (e.g. salsify, artichoke,

endive) or disliked by the study children. That is, they were not favoured or

frequently tasted within that sample in the period leading up to the study. The

disliked vegetables were typical everyday vegetables; but were targeted selectively

as they were not preferred or consumed by the specific child (e.g. white cabbage,

shap peas, baby corn, tomatoes, celery and yellow squash). The reasons why a

particular vegetable was disliked varied between children (for example a child may
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simply refuse to eat a particular vegetable due to its colour or texture (without prior

taste experience) or it could be that the child has tasted or eaten the vegetable

before but they no longer like this vegetable. Studies which categorised a vegetable

as disliked generally asked parents to identify a target vegetable for their child from

a selection of the study vegetables (Fildes, van Jaarsveld, et al., 2014a; Holley, et

al., 2015; Remington, et al., 2012). The categorisation of the vegetable as familiar/

usual or unfamiliar/ disliked was mainly ba
by the authors if missing (for example vegetables which feature within the FFQ

measures were considered as familiar vegetables since scores reflected reported

intakes).

2.4.4 Synthesis of results: meta-analysis

With all 30 studies included, overall a small-moderate effect (g = 0.40) of
intervention was observed (Figure 2.3). When 44 intervention arms within 30
studies were used as the unit of analysis, a slightly larger effect size was observed
g=0.42, Cl: 0.33-0.51, Z = 8.79, p < 0.001. The sensitivity analyses performed by
excluding three studies (Bell, et al., 2015; Harnack, et al., 2012; Spill, et al., 2010)
indicated effect size of g = 0.43, Cl: 0.33-0.53, Z = 8.27, p < 0.001 and Tau? = 0.04,
Chi? = 85.13, df = 26, p < 0.001, 1= 69.54%. However, considerable heterogeneity
was observed when combining individual studies (12 = 73%), therefore additional
subgroup analyses were performed by grouping them to investigate inconsistency

between studies.

2.4.5 Subgroup analyses

Table 2.4 shows results of the subgroup analyses in which studies were grouped
according to sharing similar characteristics e.g. the study design or the intervention
strategy were similar in studies combined. As can be seen from the |2 statistics,
these analyses reduced dispersion when they were grouped compared to when
they were combined individually. However, generally the heterogeneity remained
high. The effect sizes significantly varied by the study design, outcome measures,
intervention recipient, intervention strategy and the type of vegetable used. Studies
which used RCT, within-subjects, between-subjects or crossover design had
greater effect sizes than studies which used cluster RCT or pre-post designs. This
may be because some of the studies within these design categories did not always

include the same participants at baseline and post-intervention.



Study n Hedges's g Lower Upper Hedges's g, 95% CI
Bell, 2015 216 0.12 0.02 0.25 - |
Bouhlal, 2014 151 0.44 0.29 0.59 -
Brouwer, 2013 12 0.60 -0.47 1.67 :
Caton, 2013 32 0.43 0.14 0.73 —M—
Correia, 2014 85 0.09 012 0.30 =,
Cravener, 2015 24 0.71 -0.09 1.51 !
de Wild, 2013 28 0.59 0.25 0.93 —
de Wild, 2015 70 0.30 017 0.77 ——
Fildes, 2014 442 0.76 0.56 0.95 B ™
Fisher, 2012 147 0.39 0.02 0.76 —h—
Gripshover, 2013 162 0.45 0.14 0.76 —h—
Harnack, 2012 53 0.07 0.34 0.21 —h—
Hausner, 2012 104 0.72 0.52 0.91 i
Holley, 2015 115 0.42 -0.08 0.91 T
Horne, 2011 20 1.30 0.72 1.89 |
Martinez-Andrade, 2014 201 0.34 0.06 0.62 —h—
Reinaerts, 2007 122 0.26 -0.10 0.62 T
Remington, 2012 140 0.45 0.10 0.80 —h—
Roe, 2013 58 0.52 0.24 0.79 —hi—
Savage, 2012 17 0.49 0.01 0.97 ——
Savage, 2013 26 0.39 0.01 0.78 —h—
Sharma, 2011 61 0.10 -0.09 0.30 —ht—
Sirikulchaya-nonta, 2010 26 0.71 0.29 113 —)
Spill, 2010 51 0.58 0.29 0.88 =T
spill, 2011 39 0.56 0.23 0.89 e
Spill, 2011 72 0.48 0.24 0.72 ——
Tabak, 2012 43 0.24 -0.35 0.83 —t——
Vereecken, 2009 476 0.07 -0.12 0.26 0
Wiliams, 2014 902 0.14 0.01 0.28 -
Witt, 2012 122 0.61 0.25 0.98 — M
Overall 4017 0.40 0.31 0.50 é'
Heterogeneity: Tau? = 0.05: Chi? = 109.01, df = 29, p <0.001: -2.00 -1.00 0.00 1.00 2.00
12=73.40%. Test for overall effect: Z = 8.00, p <0.001 Comparison m

Figure 2.3 Forest plot of overall intervention effect versus comparison on vegetable intake by study (n = 30)
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Table 2.4 Subgroup analysis to highlight effect size and heterogeneity by
methodology and intervention factors (study as unit of analysis).

Heterogeneity  Heterogeneity

No. of Effect size within between
Variables studies
Main strategy 10.52*
Educational 10 0.26 (0.13-0.39) 54 19.39*
Taste Exposure 10 0.57 (0.43-0.70) 52 18.69*
Other 10 0.36 (0.22-0.50) 61 22.53*
Design 11.84*
Between-subjects 6 0.48 (0.31-0.66) 26 6.77
Cluster RCT 8 0.25 (0.10-0.40) 44 12.61*
Crossover 6 0.43 (0.26-0.61) 68 15.55*
Pre-post intervention?® 3 0.22 (0.01-0.44) 72 7.26
RCT 4 0.59 (0.34-0.84) 30 4.30
Within-subjects 3 0.64 (0.32-097) 71 6.88*
Measurement 18.83*
Cup serving (image) 1 0.14 (-0.18-0.47) O 0.00
FFQ 4 0.38 (0.14-062) O 2.32
Weight (Grams) 15 0.43 (0.32-0.54) 62 36.97*
Weight (Grams/day) 1 0.71 (-0.14-156) O 0.00
Energy (Kcal) 1 0.49 (-0.08-1.06) O 0.00
Observed 4 0.08 (-0.12-0.28) O 2.29
Pieces (count) 4 0.67 (-0.46-0.89) 65 8.48*
Settings 1.01
Early years 22 0.39 (0.28-0.50) 76 88.18*
Home 6 0.51 (0.26-0.75) 27 6.92
Multi 2 0.30 (-0.07-0.67) O 0.12
Location 13.97
Australia 1 0.12 (-0.25-0.48) O 0.00
Belgium 1 0.07 (-0.32-0.46) O 0.00
Denmark 1 0.72 (0.32-1.12) O 0.00
France 1 0.44 (0.07-0.81) O 0.00
Mexico 1 0.34 (-0.10-0.78) O 0.00
Netherlands 3 0.39 (0.10-0.69) O 1.98
Thailand 1 0.71 (0.17-125) O 0.00
UK 5 0.63 (0.41-0.85) 61 10.22*
USA 16 0.34 (0.22-0.46) 59 36.25*
Quality 0.31
Strong 5 0.42 (0.20-0.65) 84 24.76*
Moderate 15 0.43 (0.28-0.57) 16 16.61
Weak 10 0.36 (0.18-0.54) 85 60.48*
Delivered by 3.84
Parent 6 0.51 (0.26-0.75) 28 6.92
Research Team 6 0.24 (0.05-0.43) 67 15.02*
Teacher 8 0.43 (0.23-0.64) 70 23.67*
Teacher, Researcher 10 0.45 (0.29-0.60) 78 41.55*
Recipient 9.95*
Child 22 0.48 (0.38-0.58) 61 53.22*
Child, Parent 3 0.29 (0.00-0.58) O 0.17
Child, Parent, Teacher 4 0.19 (-0.01-0.39) 61 7.71
Staff 1 0.12 (-0.23-047) O 0.00

* p < 0.005; bold font indicates the group differences to be statistically significant;
1pre-post format studies did not always include the same children.
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The effect sizes also varied by how vegetable intake was measured, for example the
pooled effect was higher when the pieces eaten were counted than when intake was
measured in grams or by FFQ. Also, when children were the only recipient of the
intervention, the effect size was higher than when parents or teachers were involved.
However, it should be noted that the number of studies in each category was uneven,
and this may make comparison imbalanced. There were no other significant overall

group differences identified.

Some interesting findings were observed when pairwise comparisons were performed

for the category of Awho deliveredd the inte
example, vegetable intake was higher when the intervention was delivered by the

parents compared to the research team alone (excluding teachers); Q = 5.46, df =1, p

= 0.019; and a significantly higher effect size was observed for UK based studies (n =

5) than for US based studies (n = 16), Q = 4.87 with df =1, p = 0.027.

2.4.6 Vegetable familiarity

The pooled effect size varied by the type of vegetable used in the studies, see Figure
2.4. The analysis indicated that intake of unfamiliar or disliked vegetables increased
more than that of familiar or usual vegetables. Of the 9 studies investigating unfamiliar
or disliked vegetables 8 used a taste exposure strategy (high multi-collinearity)
therefore, it was not possible to assess whether intervention strategy or the type of
vegetable was a stronger predictor for the intake. However, 8 of the 10 taste
exposures studies using unfamiliar or disliked vegetables had a better combined
effect (g = 0.60, ClI: 0.46-0.74) compared to the 2 studies which used familiar or usual
vegetables (g = 0.35, Cl: 0.00-0.70). Here the pairwise comparison was not

statistically significant, possibly due to lack of power.

Familiarity Studies n Hedge’s g Lower Upper Hedges's g, 95% CI
Unfamiliar/ disliked 9 1058 0.58 0.44 0.73 : T
Familiar/ usual 21 2959 0.31 0.21 0.40 o,
Overall 30 4017 0.44 0.17 0.71 ————

Test for overall effect: Z = 3.16, p = 0.002 -0.80  -0.40 0.00 0.40 0.80
Group difference Chi? = 10.03, df =1, p = 0.002; I2= 53.63% - 58.54% Comparison Intervention

Figure 2.4 Forest plot of subgroup analysis by vegetable familiarity/ liking on
vegetable intake (study as unit of analysis, n = 30)
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2.4.7 Intervention strategies

Many studies used more than one strategy to promote vegetable intake, for the
primary analysis 30 studies were grouped by the main intervention strategy;
education, taste exposure or others. The analysis indicated that studies using taste
exposure had a significantly higher impact on intake than education or other strategies
(Table 2.4). To examine this further and to understand which combination of
intervention strategies were most effective, the intervention arms (n = 44) were
clustered by the combinations of strategies used (see Figure 2.5). This resulted in 14
different subgroups. Analysis with these subgroups showed that the effect size was
highest for taste exposure strategy when coupled with reward and modelling.
However, this subgroup only consisted of two studies, which had very different effect
sizes. For example, the study by Horne, et al. (2011), had much larger effect size of
hedges g = 1.30, Cl 0.72-1.80, p < 0.001, compared to an intervention arm within the
study by Holley, et al. (2015); hedges g = 0.50, Cl: -0.54 - 1.54, p = 0.35).

Further consideration of these subgroup suggests that the effects of taste exposure
intervention appears to be the most important, as repeated taste exposure
interventions alone have a higher effect than taste exposure and reward combined,
reward alone or taste exposure and modelling combined (Figure 2.5). Moreover, taste
exposure to the vegetable on its own (plain form) produced a bigger impact on intake
than pairing with other flavours, dips or energy. Some interventions such as offering
choice, pairing with dips or making vegetables visually appealing did not improve
vegetable intake; this may due to lack of power as only one or two studies were from
these categories.

Intervention strategies  Subgroups n Hedge'sg Lower Upper Hedges's g, 95% CI

. 2 47 |
Taste Exposure, Reward, Modelling 1.08 0.50 1.66 = &
Taste Exposure 5 134 0.79 0.53 1.05 : —al
Reward ! 24 0.71 -0.16 1.58 i N
Taste Exposure, Tangible Reward > 541 0.66 0.35 0.98 _: P
Food Service and Stealth 1 39 0.56 0.08 1.04 —_—— 1
Variety 1 58 0.52 0.08 0.95 —%
Taste Exposure, Modelling 1 28 0.44 -0.85 1.53 —_— - -
Taste Exposure, Pairing 8 358 0.43 0.28 0.61 =¢=
Taste Exposure, Social Reward 1 71 0.36 -0.24 0.96 . I
Food Service 6 315 030 0.10 050 ——
Educational 10 2005 0.30 0.15 0.46 -
Taste Exposure, Choice Exposure 1 70 0.30 -0.28 0.88 _ & '
Pairing 2 69 0.18 -0.186 0.52 i PN
Visual Appeal 1 42 0.16 -0.29 0.62 —1e '
Educational, Food Service 1 216 0.12 -0.25 0.49 —le :
Overall 44 4017 0.44 0.29 0.59 ?
Heterogeneity: Tau? = 0.06; Chi2 = 139.43, df = 43, p <0.001; 12=69.07% -1.80 -0.90 0.00 I 0.90 1.80
Test for overall effect: Z=5.72, p <0.001 . .
Group difference Chi2 = 25.42, df = 14, p = 0.031; 12= 13.43-78.31% Comparison Intervention

Figure 2.5 Effect by intervention strategies on vegetable intake by intervention arms (n
= 44 arranged by the effect size).
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2.4.8 Number of taste exposures

A meta-regression analysis was performed to examine if the number of exposures
offered in the ten repeated taste exposure studies had an effect on vegetable intake
(Figure 2.6). The analysis indicated that the number of taste exposures was positively
associated with effect size (B = 0.035 (SEM 0.01, CI 0.00 - 0.06, p = 0.01). The model
was statistically significant (Q = 6.21, df = 1, p = 0.013) and the goodness of fit
indicated that the effect size did not vary significantly between these studies when the
number of taste exposures were controlled for (R? = 74%, Tau? = 0.02, Q = 10.21, df =
8, p = 0.250, I? = 21.67%). For a meaningful improvement in intake (a moderate effect

of g = 0. 5) children would require 8-10 taste exposures.

1.60

1.40 7

1.20 7

1.00 7

0.80 7]

Hedges's g

0.60 7

0.40 7

0.20 7 —— Linear prediction

0.00 ' ' ' '
0 5 10 15 20 25
Number of taste exposures

Figure 2.6 Meta-regression of effect size (hedges g) according to the number of taste
exposures in repeated taste exposure studies (with line of best fit, 95%
confidence interval and eanalysis,pzl0)dybds wei gl

2.4.9 Publication bhias

Inordertoinvestgat e i f there was publication bias a
regression test were performed. The funnel plot indicated significant asymmetry (see

Figure 2.7), which suggests the presence of publication bias in the present selection

of the studies. Thisissupported by Eggeindicatingthatdhee ssi on t e
unpublished studies were likely to have an effect on the overall change in vegetable

intake (intercept (BO) is 1.74, 95% CI: 0.17 - 3.31, df = 28, t = 2.27, p = 0.015). Duval

and Tweedi efil methbdrindicatedthatlunder the random effects model,

eight studies are missing and if these studies are added to the analysis then the
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imputed combined effect is adjusted to g = 0.31 (95% CI, 0.208 - 0.41) from g = 0.40.
The overall effect is slightly reduced, however the effect of the interventions on

vegetable intake remained favourable compared to the comparison.

0.0
& Imputed Studies

0.1 @ Missing Studies *® @

0.2

0.3

Standard error

0.4

0.5

0.6

-1.5 -1.0 0.5 0.0 0.5 1.0 1.5

Hedges's g

Figure 2.7 An asymmetry Funnel plot of standard error by Hedges g of included (n =
30) and missing studies (n = 8).

2.5 Discussion

2.5.1 Main findings

The present review identified interventions designed to promote vegetable intake in

young children and determined whether some strategies were more effective than

others. This was the first systematic review which attempted to investigate intake of

familiar or usual and unfamiliar or disliked vegetables separately in order to assess

whether the type of vegetable offered to the children influenced outcomes. Evidence

showed that the intake of unfamiliar or disliked vegetables was more increased than
famiiarorusual vegetabl ex.i | Thigs ethdyechhd asuakch that
variable will have little or no effect on the outcome measurement. Thus, intervention

effectiveness may also depend on vegetable familiarity and liking. Overall, evidence

from the studies pooled in the meta-analysis indicated that a range of interventions

were moderately successful in increasing vegetable intake.



60 Chapter 2

The present meta-analysis revealed that interventions implementing repeated taste
exposure had better pooled effects than those which did not. A previous review by
Wolfenden, et al. (2012) concluded that the taste exposure strategy was not beneficial
in the short-term (at 3 months follow-up), but that using reward with taste exposure
was an effective strategy for increasing vegetable consumption. These conclusions
should be interpreted with caution as their meta-analysis only included two studies
and the findings were mainly driven by one study (Cooke, Chambers, Afiez, & Wardle,
2011). Cooke, Chambers, Afez, and Wardle (2011) found that the repeated taste
exposure strategy was successful immediately after the intervention and at 1-month
follow-up, but exposure alone had no sustained effects at 3 months, although liking
increased as expected. The authors further added that due to a compliance problem
(e.g. in home), the children in the exposure alone condition may have received fewer
exposures than the children in the tangible reward condition. Although the number of
exposures were controlled in their analysis, the present review has identified that the
number of taste exposures children received was an important factor for increased
intake. Interventions with repeated taste exposures were most effective, therefore, in
contrast to Wolfenden, et al. (2012), this review stresses the importance of repeated
taste exposures, independent of reward. This is further supported by Horne, et al.
(2011) who found that once the liking was established during snack time, intake

generalised to lunch time in the absence of rewards.

A pairwise comparison indicated that the children had increased intake when
vegetables were offered by a parent compared to when offered by the researcher
alone. This may be because parents participating in studies may be highly motivated
and closeness to the children is likely to yield stronger effects than interventions
delivered by unfamiliar others. This is confirmed by finding no differences in effect size
when teachers delivered the intervention compared to parents. This review
complements and extends the previous review by Holley, et al., (2017a) as the
present review is based on quantitative synthesis and provided evidence from
educational strategies which were missing in the previous review. The present meta-
analysis included nineteen of the twenty-two studies from the previous review (Holley,
et al., 2017a). Present findings supported previous suggestions of successful
strategies in 2-5 year olds (taste exposure, modelling and non-food reward), however
it has further demonstrated the success of these strategies based on effect sizes and
more importantly it highlights small effects of educational interventions on vegetable

intake.
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A previous review by Diep, et al. (2014) found that the quality of the study determined
the success of the intervention. This was not apparent in the present review. Most of
the studies were scored as weak or moderate and this raises concerns about quality
of research in this area. Typically there are problems around lack of
representativeness of the sample, the researcher or participants not being blind to the
intervention and issues of accuracy when recording intake. However, these are
common methodological constraints in this field. Therefore, as suggested by Hodder,
et al. (2018) future research should adopt more rigorous methods to minimise risk of
bias and advance the field of research concerning promotion of fruit and vegetable

intake.

Significant heterogeneity was observed in pooling 30 studies, however, additional
subgroup analyses indicated that the moderators were possible sources of
inconsistency (e.g. the type of vegetable used and intervention strategies).
Furthermore, due to the problem of multi-collinearity, it was difficult to determine
whether taste exposure strategy or the use of an unfamiliar vegetable was more
important in predicting intake. This needs to be explored in future research. Meta-
analysis is a powerful tool to summarise data from many studies, however there is
also the potential to over interpret results. For example, small studies tend to report
larger treatment benefits than larger studies (Sterne, Gavaghan, & Egger, 2000),
affecting the overall effect size. Thus, findings should be interpreted with some
caution. A major limitation of using standardised effect size (Hedges g) is the clinical
interpretation of the findings. However, in four taste exposure only studies, in which
children were provided with at least a full portion of the vegetables, on average
children increased their intake by 67g of the target vegetable (Bouhlal, et al., 2014;
Caton, et al., 2013; de Wild, et al., 2013; Hausner, et al., 2012). Given that a child
portion of vegetables is 40g, this increase of 67g is at least one and a half portions

and is therefore clinically important.

Repeated exposure in early years is perceived to be important in the formation of
taste preference (Ventura & Worobey, 2013). According to the meta-regression the
more exposure a child receives to a particular vegetable the more they will increase
their intake of that vegetable. To achieve an increase in intake at least 8-10 exposures
are recommended, especially for disliked or unfamiliar vegetables. Moreover, the
evidence suggests that offering vegetables alone is better than pairing with flavours or
energy as this can result in a negative contrast effect when subsequently presented

alone (Dwyer, 2012).
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2.5.2 Strength and limitations

Some novel findings have emerged from this review including the effect of vegetable

familiarity or liking on intake of vegetables and the most effective intervention

strategies in children aged 2-5 years. The findings in relation to vegetable familiarity

on intake is novel and interesting, but there are some limitations. While the authors

categorised the type of vegetables based on vegetables used in the primary research

and authordés descriptions there are potentia
categories. For example, a vegetable which is familiar can be disliked and unfamiliar

foods are not necessarily disliked. Therefore, the outcome from this subgroup analysis

should be interpreted with caution.

Moreover, meta-analysis is a statistical procedure that combines results of several
independent studies (Egger, Smith and Phillips, 1997). The pooled effects calculated
in a meta-analysis are based on the weighted average (means accounting for
variance) of results from individual studies which are considered to be similar. Hence,
combining study designs is generally discouraged as this would further increase the
risk of heterogeneity due to the differing variance in different study designs (Haidich,
2010). For example, variance in between-groups designs studies is likely to be greater
than within-groups design studies, similarly confounding factors are likely to vary
between RCT and non-RCT studies (Valentinea and Thompson, 2012).
Consequently, in the present meta-analysis a random-effects model was used to
account for additional sources of variance (within study variance, in addition to
between study variance considered by the fixed-effects model; Egger, Smith and
Phillips, 1997). Though, this model provides some mathematical corrections (wider
confidence interval than fixed-effects model) to account for heterogeneity for
calculating a summary estimate, it gives greater weight to smaller studies (e.g. see
effect size for the study by Horne et al, 2011). This makes interpretation of the results
more difficult and may also lead to biased conclusions (Borenstein, Hedges, Higgins
and Rothstein, 2009). For example, results in studies with a small number of
participants may be due to chance rather than an actual effect from an intervention. In
the present thesis, to address the research aim of identifying the most effective
intervention strategies it was necessary to combine different study designs (e.g.
limited number of studies with the same study designs only 12 of 30 studies identified
for the meta-analysis were RCT/ CRT). However, as shown in table 2.4, the effect
size did vary by the study design therefore, findings should be interpreted with further

caution.
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A comprehensive search for the present review did not retrieve any papers which
specifically addressed fussy eaters, but the age range for the search included the
peak period for fussy eating. Future studies might investigate what specific strategies
are effective in children who score high for food neophobia or fussy eating. Also,
longer term studies are needed to investigate if taste exposure strategies are
sustainable over time (12+ months) and whether they are feasible and cost effective
at a large scale. Moreover, some strategies may need to be tailored to the needs of
particular children, for example those with genetic taste sensitivity to bitter tastes (see

Keller 2014 for a review).

A previous systematic review by Mikkelsen, et al. (2014) reported that including an
educati on ¢ omp o n e ptableinterveation waslimpertaid.dn the e g
present meta-analysis, all educational interventions were successful at increasing
vegetable intake, but the effect sizes were smaller than the taste exposure strategies.
These educational interventions are usually targeted to increase vegetables which are
already familiar to the children, therefore more research is needed to assess their

effects on unfamiliar vegetables. A more recent systematic review by Hendrie, et al.

(2016) investigating childr esn 86 u s u a | i nt adpecific targattivdyetable t h a n
(e.g. disliked) in 2-15 year olds stated that the taste exposure studies were promising

for the target vegetables but no evidence was reported beyond this on their habitual
vegetable intake. Therefore, the authors suggested that future interventions should
combine taste exposure strategies with those which influence the usual intake. To our
knowledge repeated taste exposure (usually for target vegetables) in combination with
education (generally for improving the usual intake) has not been investigated on the
(habitual) intake of vegetables in children aged 2-5 years. Therefore, these strategies
should be combined to assess if intake of

vegetable intake can be improved simultaneously.

2.5.3 Conclusions and implications

In conclusion, repeated taste exposure is a simple technique that could be considered
suitable for broader translation to childcare settings and the home. Health policy could
specifically target the use of novel and disliked vegetables in addition to the usual
vegetables consumed in childcare settings with emphasis on offering a minimum of 8-
10 exposures. Further research is needed to understand which strategies work best
for the food fussy children. Improving liking and encouraging intake of vegetables will
lead to long term health benefits only if the intake is sustained. Therefore, lasting
strategies which encourage vegetable intake in the early years is essential and can

influence later health outcomes.
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Chapter 3
Taste exposure is more effective than nutrition education to
increase intake of a novel vegetable in preschool children: a

cluster randomised trial

In Chapter 2, meta-analysis indicated that taste exposure was the most effective
single strategy for increasing intake of unfamiliar or disliked vegetables in preschool
children. However, the effects of nutrition education on intake of unfamiliar vegetables
are less well known than effects on familiar vegetables. Since nutrition education is
commonly used in preschool settings, the study presented in Chapter 3 will examine
whether nutrition education is effective for increasing intake of a novel vegetable in
comparison with taste exposure as well as a combination of both nutrition education
and taste exposure. This study set out to determine the relative effectiveness of each
strategy and whether the combined condition might produce an additive effect on
vegetable intake. In addition, the time course of any effect on intake was tracked over
time (at weeks 24 and 36) and whether any of the strategies were effective for food
fussy children. Feedback from a process evaluation was conducted to assess whether

these strategies are considered suitable for use in preschool settings.

3.1 Steps taken

1. Designed and conducted a novel intervention study by combining both taste
exposure and nutrition education

Implemented robust study design and research methods to collect data
Pre-registered the trial at clinical trials.gov

Evaluated the effects of nutrition education, taste exposure and their combined
effects on intake of a novel vegetable

Evaluated short-midterm effectiveness of these interventions

Assessed the impact of these strategies for food fussy children

Completed process evaluation for both types of interventions

© N o u

Reported findings according to the Consolidated Standards of Reporting Trials
(CONSORT) statement for cluster randomised trials
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3.2 Introduction

Chapters 1 and 2 have highlighted the importance of eating more vegetables as well
as barriers which impede intake, especially for preschoolers. Children who are fussy
eaters appear to be especially resistant to eating vegetables, and it has been
proposed that systematic exposure in early life is needed to encourage vegetable
intake in these children (Dovey, et al., 2008) . Parents of fussy eaters use a variety of
vegetable specific strategies including hiding vegetables in meals as well as food and
non-food rewards to encourage intake (Holley, Haycraft, & Farrow, 2018). Food
fussiness peaks between the ages of 2 and 5 years yet there are few studies which
investigate which strategies benefit children with food fussiness (Caton, et al., 2014;
Owen, Kennedy, Hill, & Houston-Price, 2018).

Preschool provides an ideal opportunity for children to learn about healthy eating and
to try new foods for the first time (Kobel, et al., 2017; Mikkelsen, et al., 2014; Williams,
et al., 2014). Nurseries encourage healthy eating through nutrition education
programmes. These programmes ar e tail ored to the chil doés
that are designed to be fun and interactive as well as educational. However, education
programmes implemented in nursery tend to focus on vegetables which are already
familiar to the children and their effects on unfamiliar vegetables are understudied
(Nekitsing, Blundell-Birtill, et al., 2018). Furthermore, the effects of these programmes
on actual food intake tend to be small, perhaps due to the indirect nature of the
exposure (Nekitsing, Blundell-Birtill, et al., 2018; Nekitsing, Hetherington, et al.,
2018b). Therefore, it has been proposed that learning about vegetables through direct
experience of the taste, smell and texture through exposure and engaging children in
hands-on activities to increase familiarisation will increase intake of vegetables
(DeCosta, et al., 2017).

Repeated taste exposure is known to enhance intake of vegetables (Ahern, et al.,
2014; Caton, et al., 2013; Holley, Haycraft, et al., 2017), via familiarisation (Zanjonc,
1968) and learned safety (Kalat & Rozin, 1973). Eight to ten taste exposures to a
novel or previously disliked vegetable are sufficient to increase consumption at the
group level (Birch, et al., 1987; Caton, et al., 2011). However, this may not be
effective at the individual level since caregivers may not achieve this number of
exposures as they interpret initial refusal as genuine dislike (Carruth, et al., 2004;
Cooke, et al., 2007; Cooke, et al., 2004). Similarly, in nurseries, to avoid waste,

children may not be offered vegetables which are thought to be disliked.

Providing children with incentives such as tangible non-food rewards (like stickers)

with repeated taste exposure can increase vegetable acceptance, both in the home
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and in nursery (Fildes, van Jaarsveld, et al., 2014b; Holley, et al., 2015; Remington, et
al., 2012). Indeed, combining nutrition education, specifically designed to increase
knowledge about vegetables, with taste exposure might produce a synergistic effect in
increasing vegetable intake. Synergy in this context may be achieved by both
encouraging children to try the taste of an unfamiliar vegetable therefore giving them
direct experience of the target vegetable (smell, taste, and texture) as well as by
increasing their awareness of different vegetables and their benefits to health and
wellbeing. For young children it may be important to understand why vegetables are

good for them in order to also taste and eat them when offered.

3.2.1 Aims and hypothesis

The aim of this cluster randomised trial was to test the relative efficacy of repeated
taste exposure, nutrition education, and a combined taste exposure plus nutrition
intervention compared to a no intervention control on intake of an unfamiliar vegetable
in preschool children. In particular, the study assessed whether these strategies were
effective in encouraging intake of an unfamiliar vegetable in children who are relatively
food fussy. The primary hypothesis to be tested was that children would increase
intake of an unfamiliar vegetable following intervention relative to control; and that a
combined taste exposure plus nutrition education would enhance intake of the
vegetable more than either intervention alone and relative to a control. The second
hypothesis tested was that food fussy children would increase vegetable intake more

after repeated taste exposure compared to nutrition education.

3.3 Methods

This chapter is reported according to the CONSORT guidelines for cluster randomised
trials (see Appendix B1 for the completed checklist).

3.3.1 Study design and setting

A 2x2 factorial parallel design (with a no intervention control) was used in the present
cluster randomised controlled trial (see Figure 3.1). For ease of intervention delivery
and feasibility in a nursery setting, it was decided that a cluster randomisation trial
was the most appropriate design. The 11 nurseries agreeing to participate in the study
varied in size, therefore stratified randomisation was used. The nurseries were divided
into three strata, with the four largest in one stratum, then the four smallest in another
stratum. One nursery in each stratum was assigned to each intervention condition
using an online list generator (https://www.random.org/lists); (1) taste exposure only,

(2) nutrition education only, (3) taste exposure plus nutrition education, or (4) no
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intervention (waitlist control). Researcher CN generated the random allocation
sequence for each nursery and nursery managers chose the day and time which was
most convenient for them, and thus which children would be included in the study.
Nursery managers were not informed of their condition allocation until all nurseries
were recruited (post consent) and randomised. It was possible to conceal condition
allocation between clusters but not within cluster. Parents were given a list of potential

study vegetables used during the study phase.

Nurseries were offered the PhunkyFoods programme (PFP) as an incentive to take
part (normally valued at £395 per annum); they either received this during the
intervention or on completion of the study. All procedures were conducted in
accordance with the ethical guidelines set by the British Psychological Society and
approved by the University of Leeds, School of Psychology Research Ethics
Committee (16-0198). The trial was preregistered (ClinicalTrials.gov; identifier
NCT03003923). The study lasted for 12 weeks (September 2016 - December 2017)
including a 10-week intervention phase (plus baseline and post-intervention
assessment) with follow-up (FU) intake of the unfamiliar vegetable measured at
weeks 24 (March 2017) and 36 (June 2017).

3.3.2 Sample size and participants

A previous cluster randomised trial in this field reported that clustering did not
influence the outcome, therefore specific power calculations were not performed to
account for clusters (De Bock, Breitenstein, & Fischer, 2012). The target sample size
to include at least 40 children in each group was based on a previous randomised
controlled trial by Remington, et al. (2012). It was estimated that a minimum of two to
three settings per group would be needed to meet this target. Fifty-five nurseries from
Leeds, Brighouse and Halifax (West Yorkshire, UK) were sent a recruitment email

(see Appendix B2) in July 2016, followed by a telephone call.

In all, 219 children (from 11 nurseries) were enrolled in the study, however the
anticipated sample size was not fully met for the final analysis (see Figure 3.2). The
low number of children in the control condition was attributed to low attendance on
different test days. Consent to participate was sought from the nursery manager at the
cluster level and individually by parents using an opt-out approach (see Appendix B3
for the nursery opt-in consent form; Appendix B4 for the poster displayed outside
nursery rooms to make parents further aware of the ongoing research study; and

Appendix B5 for the parent information letter and opt-out consent form).
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Nurseries invited to take part (n = 55)

Nurseries excluded (n = 44)

= Withdrew after consent(n = 1)

= Declined to participate (n = 26)

= No response or did not provide final
decisionto consent (n = 17)

Children excluded (n = 4)

Nurseries (n = 11)/ Children (n = 219)

Cluster randomised = Medical condition (n = 1)

= Parental opt-out (n = 3)

Allocated to
Taste Exposure

= Nurseries (n = 2)
= Children (n = 62)

l

Total children lost to
follow-up (n = 15)

ALLOCATION

Lost at each time point:

= Baseline| (n = 0)

= Postintervention (n = 2)

"FU1 (n=4)

*FU2(n=7)

= Children excluded with < 5
taste exposure (n = 2)

|

Data analysed

= Completed all intake
assessments (n = 47) 76%

l

Analysed with covariates
(n=37)60%

= 10 children excluded
(missing food fussiness
data)

= 1 setting with 19 children
controlled for
noncompliance

Allocated to
Nutrition Education

= Nurseries (n = 3)
= Children (n = 68)

l

Total children lost to
follow-up (n = 30)

Lost at each time point:

= Baseline(n=11)

= Postintervention (n = 4)
"FU1(n=7)
*FU2(n=28)

|

Data analysed

= Completed all intake
assessments (n = 38) 56%

l

Analysed with covariates
(n=35)52%

= 3 children excluded
(missing food fussiness
data)

l

Allocated to Taste Exposure
+ Nutrition education

= Nurseries (n = 3)
= Children (n = 55)

l

Total children lost to

follow-up (n = 16)

Lost at each time point:

= Baseline (n = 0)

= Postintervention (n = 2)

*FU1 (n=11)

*FU2(n=1)

= Children excluded with < 5
taste exposure (n = 1);
outlier (n=1)

l

Data analysed

= Completed all intake
assessments (n=39) 71%

l

Analysed with covariates
(n=34)62%

=5 Children excluded
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=Children (n = 34)
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Figure 3.2 Flow of clusters (nurseries) and children through phases of the trial.
Clusters were controlled for in the analysis. Children were classified as lost to
follow-up and excluded from the analysis if they were away at any of the intake
assessment days. For further analysis data were excluded for missing individual
food fussiness score or nurseries for noncompliance.

Nursery managers signed the informed consent form and children could say no and

decline to participate in research activities. All children aged 2-5 years attending their

nursery class on the agreed test day were included. Children were excluded from the

study if they had any relevant food allergies, a medical condition which would prevent

them from eating the test vegetable or if their parents opted out of the study (Figure

3.2). Nurseries were eligible to take part if they were not participating in other nutrition
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health programmes and were able to commit to the time frame of the study (9

months).

3.3.3 Material - target unfamiliar vegetable

During development of the intervention, all nursery managers were asked about

vegetables offered to children in their settings. Based on this information a selection of
seven unfamiliar vegetables, available through all seasons in the UK, were selected

for a taste test (coccinia cluster beans, steamed beetroot, raw beetroot, marrow,

cherry belle radish and mooli white radish). These vegetables were tasted and
independently rated by a panel of ten researchers. The purpose of the tasting session

was to identify a novel vegetable (unfamiliar), that could be eaten raw (e.g. not too

bitter or hard) and was suitable for nursery children (i.e. not too strong or sour). For

each vegetable the panel was asked to respond to 17 statements, for example, A | e a't
this vegetable oftenandfiifit wios | thesg eeyetalldsd®. i s bi
This was mostly rated using a Likert scale (1 = strongly disagree, 2 = agree, 3 =

neutral, 4 = disagree, 5 = strongly disagree). See Appendix B6, for the full list of

statements and ratings. Based on the ratings and suggestions of most panel

members, mooli (a variety of daikon, long white radish) was selected to be used as

the unfamiliar vegetable for the present study.

3.3.4 Procedure

The nursery staff were provided with all the necessary resources and basic

instructions to deliver the intervention to children in their nurseries. During week 1

baseline intake of mooli was measured atthepre-ar r anged snack ti me an
height and weight was also measured. Over the next 10 weeks children in the

intervention conditions were offered either the taste exposure, nutrition education or

the combined intervention and children in the control condition were offered no

intervention. After the intervention, at week 12 post-intervention, mooli intake was

measured. Mooli intake was also recorded at two follow-up periods (week 24 and

week 36) at the usual snack time. The intervention was delivered at the level of the

nursery and outcomes were measured at the individual level.

3.3.5 Baseline, post-intervention and FU intake assessment procedure

Intake of mooli was assessed at weeks 1, 12, 24 and 36. The vegetable was offered
to children at their usual snack time (mornings or afternoons) and so it was assumed
that children would be moderately hungry. A snack time was initiated for two nurseries

which did not normally have a snack session as they only offered 3 main meals
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(breakfast, lunch and dinner) in their setting. Each vegetable portion was weighed (to
the nearest 0.01g) before and after each snack time using a digital scale (Mettler
PJ4000) by the research team. Fresh mooli was peeled and cut into bite size pieces
(thin ~0.4mm slices, in circles, semicircle or quadrants depending on the size of the
mooli). Snack bagswerel abel | ed wi tamdweighed far éash child with
~40g portion (see Figure 3.3 for preparation of mooli). Spare bags were also prepared

in case children requested more of the vegetable.

Study snacks were delivered to the nurseries at least 30 minutes prior to their snack
session to allow staff time to prepare for this. Children were allowed to eat ad libitum
during each snack time. Staff were asked to ensure that children did not share their
snack with others and that any leftovers were returned to the individual snack bags.
Staff were advised to store the vegetable in the fridge, or the cool bag provided before
and to return the bags to the cooler after consumption; this was done to reduce any
moisture loss. Snack bags were collected after the snack session and were re-
weighed immediately to calculate intake.

Figure 3.3 Preparation of mooli (target vegetable) for the taste test and intake
assessments
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3.3.6 Intervention T taste exposure and nutrition education

For the taste exposure and taste exposure plus nutrition education conditions, the
researcher prepared mooli as snacks, delivered this to each nursery and then the
snacks were provided to children by the nursery staff. The procedure for mooli
preparation and intake were same as those on the intake assessment days (see
section 3.3.5). Taste exposure involved offering mooli during usual snack time once
per week, every week for 10 weeks (weeks 2-11). The vegetable snack was offered in
pre-weighed 40g portions using individual snack bags labelled for each child. See

Figure 3.4 for children eating mooli during the snack time.

Figure 3.4 Children eating mooli during taste exposure intervention

For the nutrition education clusters, nursery staff were trained by the PhunkyFoods

team to deliver the existing nutrition education programme (www.phunkyfoods.com).

Staff were instructed to teach two specific components of the PFP as often as

possible overthe 10-we ek peri od, namely: AStrive for 5¢
record these activities on a checklist (see
pl an; Appendix B8 for the AEat Welsbnsl esson p
checklist for both components). For the MfAEat
eating a well-balanced diet, adapted from the UK EatWell guide andin A St ri ve f or
children were taught about eating five portions of fruits and vegetables each day as

well as the importance of eating a variety of these foods. It should be noted that the

PFP does not contain any activities directly relating to mooli.

The PFP is designed for nursery children and follows the English Early Years
Foundation Stage Framework, promoting learning through planned purposeful play,
and a mix of adult-led and child-initiated activities. PFP provides nurseries with ideas
and inspiration for classroom carousel play activities (e.g. stories, role play, and

games), practical food handling/ preparation activities, educational displays for the
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classroom and parental involvement opportunities. Resources are available in both
online and offline formats and cover a range of nutrition education topics. Staff were
given materials to support their teaching within the curriculum covering
communication and language, physical development, literacy, expressive arts and
design, food preparation and display themes. These included photo cards, posters, a
floor mat, game ideas, interactive video stories, music, food preparation, tasting ideas,

drawing and colouring activities. Figure 3.5 shows children engaging in activity during

a PhunkyFoods education session.

Figure 3.5 Children learning about eating a variety of fruit and vegetables during
nutrition education lesson

Staff were requested to complete a checklist of activities they had delivered during the
main intervention period (see Appendix B9). The checklist consisted of 12 activities for
each of the two modules (24 possible). In this checklist, staff identified which of the 12
activities they used in lessons from the module and this was converted to a
percentage to indicated coverage of the materials. In total, six nurseries using the
PFP delivered at least 35% or more of the required contents (delivery of the
intervention was as follows; 100% (n = 2), 50% (n = 2), 40% (n = 1) and 35% (n = 1).
Nurseries in the nutrition education clusters were able to continue accessing and
delivering the PFP during the post-intervention period, reflecting pragmatic and real-

world delivery access.

For the taste exposure plus nutrition education intervention children were offered both
weekly taste exposures and the nutrition education programme (as described above).
The control condition did not receive any intervention during the study period but were
offered the education programme on completion of the study (after week 36).
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3.3.7 Data collection and measures

3.3.7.1 Primary trial outcomes

The primary pre-specified outcome was weighed intake of mooli. All children across
conditions were offered the mooli at four time points: Baseline (week 1), Post-
intervention (week 12), FU1 (week 24), and FU2 (week 36). The outcomes were
measured at an individual level because factors such as body mass index (BMI), age

and eating traits may affect vegetable intake and vary between children.

3.3.7.2 Secondary trial outcomes

A secondary outcome originally planned during the study registration was usual
vegetable intake, assessed using the European Prospective Investigation of Cancer
(EPIC) Norfolk Food Frequency Questionnaire (FFQ; Mulligan, Luben, et al., 2014).
Parents were asked to complete the FFQ at baseline, week 12 and week 24. Those
parents who completed the questionnaires at all 3 time-points were entered into a
prize draw with a chance to win £100 in shopping vouchers. The overall response rate
from 3 time-points was very low (13%) and as a result the secondary outcome data
are not reported in the present chapter.

3.3.7.3 Other measures: Demographic and anthropometric

The investigator measured height using a stadiometer (Seca 217) and weight using a
portable weighing scale (Seca 878). Body mass index (BMI) z-scores (adjusted height
and weight for age) were calculated using the WHO anthropometric calculator
(http://www.who.int/childgrowth/software/en). Child age and sex were recorded by

nursery staff.

3.3.7.4 Other measures: Child eating behaviours

Food fussiness was measured using the 6-itemsofthe Food Fussi ness subsc
0.91) from the Child Eating Behaviour Questionnaire (Wardle, et al., 2001). Food

neophobia was assessed usingthe6-i t ems (U = 0.90) of the Foo
(Pliner, 1994). Parental response rates were low during the first attempt (22%). Given

the importance of identifying food fussiness and neophobia in the cohort a second

attempt was made with the help of the nursery staff to encourage responses on these

two constructs (see Appendix B10 for the questionnaire). Generally parents provided

this information (n = 135), however in some cases due to time constraints, some

parents agreed that the nursery key worker could complete the questionnaire on their

behalf (n = 24). There were no differences in ratings by parents or the key worker

(independent group comparison).
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3.3.7.5 Intervention evaluation measures

As part of the process evaluation nursery staff were asked to complete feedback

surveys regarding the intervention. Members of staff from nine nurseries (excluding

controls) were asked to rate the materials on the following items: acceptability, user

engagement, implementation and effectiveness of the taste exposure and/or PFP,

depending on condition. See Appendix B11 for the taste exposure evaluation

guestionnaire and Appendix B12 for the PhunkyFoods nutrition education evaluation
guestionnairel. The questionnaire consisted of open-ended questions, for example,

forthet ast e e x p 0 s u whatwouldihelp ax whiatdarriers Would there be to

incl ude repeated taste expo,aameleasitemgreqyirmgir usua
response on a Likert scale. For example, forthenut ri ti on education evaze
PhunkyFoods resources are engaging for child

lto5, where 1 was & antdr &n gvlays dissaprmmegd v agr eed)

3.3.8 Statistical analysis

3.3.8.1 Primary analysis

Descriptive statistics (means + SEM) were generated for demographic variables and

to plot the pattern of intake and change in intake by condition over time. Correlations

were conducted to show the contribution of participant characteristics to baseline and

changes in intake. Chi-square and ANOVA were conducted to check for differences in

sex, age, BMIz, food fussiness, food neophobia and baseline mooli intake across

condition, as well as between those children whose data was included and those who

were originally recruited. Intake data were excluded from analyses where children in

the taste exposure conditions had fewer than five taste exposures (n = 3). Also, for

this condition since intake was measured weekly, if the data were missing for the

baseline (n = 6) or post-interventioni nt ake (n = 17) then the chi
intake was used for the analysis. Children in the nutrition education and control

condition with missing intake data at baselineorpost-i nt er venti on and any
data missing for FU1 or FU2 were excluded from the main analysis (n = 75). One child

who ate 121g of the test vegetable at post-intervention (in the combined condition)

was an outlier (identified by an extreme value on the box plot), therefore was excluded

from the analysis.

1The PhunkyFoods nutrition education evaluation questionnaire used for the present study was an
existing questionnaire used by the company for their annual programme evaluation. Only the format of
the questionnaire was edited for the present study.
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As children were recruited using a cluster design it was important to account for the
impact of cluster assignment. Therefore, design effect adjustments were applied to
the analysis as suggested by Campbell et al. (2000) and Murray (1998). Variance was
calculated using the Restricted Maximum Likelihood Model (IBM SPSS) based on the
baseline intake data; nurseries were added as the random factors and food fussiness
as a covariate. There was a small clustering effect observed using this method. The
intra-cl uster correlation (I CC) of |} = 0.035 wit
per nursery indicated a design effect of 1.41. The ICC was similar to a previous study
in this field (De Bock, Breitenstein and Fischer 2012). De Bock, Breitenstein and
Fischer (2012) and Lai and Kwok (2015) have stated that the clustering can be
ignored if the design effect is < 2.0. However, to report more precisely the primary
analysis in the results section are reported after the corrections (indicated by aq;in the
results section).

Intake data, in particular for baseline was positively skewed as many children ate Og

of mooli. Therefore, analyses were mostly performed on the change in intake data, as

this was more normally distributed. The change in intake was calculated as the

difference in score between the baseline intake and intake at each time point (post-

intervention, FU1 and FU2). Bivariate and partial (independent of the intervention)
correlations were performed to investigate t

characteristics to baseline and change in intakes.

A non-parametric Wilcoxon Signed Ranks test was performed to investigate if intake
of the test vegetable increased from baseline to post-intervention. A 3x2x2 mixed
measures ANOVA was carried out to examine the main effects of time (post, FU1 and
FU2), taste exposure (taste or no taste exposure), and nutrition education intervention
(education or no education) on change in mooli intake from baseline. To further
investigate the effects of the interventions an ANCOVA was performed using the

above procedure with food fussiness and noncompliance as the covariates.

3.3.8.2 Subgroup analysis

For the subgroup analysis further children with missing food fussiness data (n = 18)
were excluded. Moreover, two nurseries (n = 25 children) in the taste exposure
condition (one from taste exposure only and one from combined intervention
condition) were considered as non-compliant to the intervention because they
continued to offer their usual nursery snacks to the children immediately after the
target study snacks (mooli). This may have affected the intake of the unfamiliar

vegetable, especially for the children receiving the weekly taste exposures as they
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might have learned that their usual snack will follow if they chose not to consume the
study vegetable. Therefore, to control for children in these settings a categorical

dummy v ar i-caocbnpel idamocaatéd and added as a covariate.

A subgroup analysis with only the high food fussy children were performed using the
above ANCOVA procedure with noncompliance as a covariate to explore the
effectiveness of the intervention for the food fussy children. In addition, an exploratory
subgroup analysis using the Mann Whitney U test was performed to examine the
issue of noncompliance within the two settings. A non-parametric test was more
appropriate here because there were unequal number of children between the
compliance vs noncompliance group and the change in intake data was skewed for
the noncompliance group. Data are reported as means with their standard errors,
unless otherwise stated. Where the assumptions of sphericity were violated the
Greenhouse-Geisser correction was applied. All analyses were performed using IBM
SPSS Statistics, version 24 (SPSS, 2018). T hvalue Was set at p < 0.05.

3.4 Results

3.4.1 Participant characteristics

Included in the final analysis were 140 children (70 boys/ 70 girls) with complete
intake assessments at all four time points with a mean age of 40.6 £ 0.4 months (see
Figure 3.2). Table 3.1 provides the baseline characteristics of the children who took
part in the intervention. There were no differences across intervention conditions in
sex distribution or mean BMI z-score. However, there were small group differences in
terms of age, food fussiness and food neophobia and these are indicated in the table.
No differences were found in baseline characteristics or intake of the children who
were lost to follow-up compared to those who completed the study (see Appendix
B13).

3.4.2 Association of participant characteristics with vegetable intake

The correlations summarised in Table 3.2 show the contribution of participant
characteristics to baseline and changes
correlate with intake or change in intake at any point in the present study, therefore it
was not controlled for within the analysis. Food fussiness and food neophobia showed
a strong positive association, as expected. Both of these food avoidance behaviours
were associated with changes in intake at post-intervention and FU2, but not with

baseline intake nor change in intake at FU1.
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Table 3.1 Characteristics of nursery children and baseline intake (g) of the unfamiliar
vegetable by intervention condition.

Taste
Taste Nutrition exposure +
: o Control p value
exposure education Nutrition
education
N total
(min/max) 37147 35/38 39/ 34 16
37147 35/38 39/34 16
Cl=19 Cil=15 Cl=6 Cl=6
(Nmﬁ’s/rnf;‘jster © C2-18/28 cC2=4/6 C2=19/24 C2=4
C3=16/17 C3=9 C3=6
Sex (girl/ boy) 24/ 23 15/ 23 25/ 14 6/ 10 0.12 (
< Mean + SEM »
Age, months 38.11 + 0.83%° 43.42 +0.542¢ 40.54+0.65° 41.75+0.87° <0.001 (F)
BMIz 0.74 +0.14 1.15+0.15 0.85+0.14 0.63 £ 0.20 0.13 (F)

Food Fussiness 2.82+0.12¢ 2.62+0.13 2.30+0.12%¢  3.15+0.21° 0.002 (F)

Food Neophobia 2.43+0.10¢ 2.19+0.09 1.93 £0.10%¢ 2,57 +0.12° <0.001 (F)

Baseline Intake (g 3.23 £ 1.00 451 +1.54 7.06 + 2.02 2.63 £ 2.07 0.25 (F)

Mean + SEM are reported unless stated otherwise.

Significant differences between groups are indicated by ANOVA (F)and Chi-s quar e (62)
N (min/ max); the total number of children included in the analysis with intake data from all four time-
points (n = 140) and food fussiness/ food neophobia data (n = 122).

Differences between groups are as follow: 2taste exposure and education; ? taste exposure and
control; € nutrition education and combined group; 9taste exposure and combined group; and ©
combined group and control

Children who scored higher on food fussiness and food neophobia were less likely to

increase their intake of the unfamiliar vegetable over time. As both eating behaviours

were highly correlated with each other, and association of food fussiness was stronger

with the change intake, only food fussiness was controlled for in the subsequent

analysis.Chi |l drenés baseline intake was associate
Children who ate less at the beginning of the study had greater change in intake at
post-intervention, FU1 and FU2. Therefore, those children who had greater improved

intake at post-intervention, continued to eat more of the test vegetable at follow-ups.
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Table 3.2 Patterns of correlations between participant characteristics and their
baseline intake and change intake of the target vegetable.

Food Food Baseline Change Change

fussiness neophobia intake post FU1

BMiz? 0.21°

Food fussiness? 0.09 -0.06

Food neophobia® -0.03 -0.16 .85"

Baseline intake®  0.05  0.14 -0.11 -0.15

Change post® -0.02 0.06 -0.26" -0.22" -0.35"

Change FU1°¢ -0.06  -0.07 -0.17 -0.10 -0.20° 0.68"

Change FU2 -0.02 0.13 -0.27" -0.19 -0.28" 0.50" 0.48"

Change; change in intake were calculated from the baseline intake: post; post intervention (week 12),
FU1,; follow-up 1 (week 24), FU2; follow-up 2 (week 36).

Correlation tests performed were based on the dataset,?Pear son6s ¢éSpearmah at i on:
correlations and ¢ Partial correlations independent of the intervention type.
Significance indicated as follows: "p < 0.01; “p < 0.001

3.4.3 Primary analysis
3.4.3.1 Change in mooli intake over the intervention and beyond
Mean intakes of mooli at each time-point by condition is shown in Figure 3.6 and

changes in intake from baseline to post-intervention and follow-ups by 2x2 factorial

design are displayed in Figure 3.7.

24
~ 20
NS
(O]
< 16
£
S 12
o)
=
S 8
2
s
<]
= 0
Taste exposure Nutrition education Taste exposure + Control
(n =47) (n=38) Nutrition education (n =16)
(n =39)
Baseline = Post-intervention mFU1 mFU2

Figure 3.6 Mean (+SEM) intake (grams) of mooli by condition at baseline (week 1),
post-intervention (week 12), Follow-up 1 (week 24) and Follow-up 2 (week 36).
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The average intake of mooli at baseline was 4.6 + 0.8g and this did not vary by group.
The mean intake at post-intervention was 12.5 + 1.3g. A Wilcoxon Signed-Ranks Test
indicated that the post-intervention intake was significantly higher than the baseline
intake agZ = -4.88, p < 0.001. This suggests that all children regardless of the

condition increased their intake of mooli.

IRy
»

12

=
o

Mean (N SEM) changes in mooli intake (g)
o]

6
. 4
2
0
Post-intervention FU1l FU2
Taste exposure (n = 86) =i—No Taste exposure (n = 54)
== Nutrition education (n = 77) No Nutrition education (n = 63)

Figure 3.7 Changes in intake (mean £ SEM) of mooli (g) from baseline to post-
intervention, FU1 and FU2 by 2x2 factorial design.

ANOVA showed that the pooled change in intake did not vary by time (post-
intervention, FU1, FU2), indicating that the change in intake from post-intervention
was maintained at follow-ups (aqi F (1.9, 255.2) = 2.44, p = 0.120). Overall there was a
significant main effect of the taste exposure intervention (ag F (1,136) = 4.78, p =
0.030, d p= 0.05). Over the 3 time-points, children who received the taste exposure
intervention increased their intake on average by 11.9 + 1.5g compared to 5.3 + 2.1g
for children who did not receive the repeated taste exposures. In comparison, children
receiving the education intervention increased their intake by 9.1 £ 1.6g compared to
8.0 £ 2.0g for children who did not receive the nutrition education programme. There
was no main effect of nutrition education nor any interaction effects were observed
(maximum o4 F (1, 136) = 0.59), demonstrating that nutrition education had no

additional effects over taste exposure on improving intake of the novel vegetable.
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3.4.3.2 Change in mooli intake: controlling for food fussiness and

noncompliance.

ANCOVA indicated that when controlling for food fussiness and noncompliance (see
exploratory analysis below) there was no significant effect of time (g F (1.87), 216.9 =
0.11, p = 0.736). The effect of taste exposure intervention remained statistically
significant (aqj F (1,116) = 5.34, p = 0.023, d p= 0.06). There was no main effect of
education intervention, nor any interaction effects (maximum aq F (1, 116) = 1.65).
This suggests that when controlling for covariates which are likely to affect the
outcome, the effect of the repeated taste exposure strategy is greater than education

in promoting vegetable intake in children.

3.4.4 Subgroup analysis

3.5.4.1 Exploratory analysis; non-compliance to taste exposure intervention

It was not pre-planned to investigate the effects of non-compliance. However, as two
nurseries in the two taste exposure groups did not follow the protocol correctly and
offered children their own snack immediately after the study snacks, it was important
to investigate the effects of non-compliance on the outcome. Hence, non-parametric
Mann Whitney U tests were performed to explore the issue of non-compliance.
Twenty-five children who were offered the usual nursery snacks immediately after the
study snack showed a lower increase in mooli intake compared to 61 children who
were not offered their usual snacks. Median changes in intake with the inter quartile
range (IQR) and statistical significance are indicated in Table 3.3. The results showed
that offering usual snack did influence consumption of the test food. The effects were
observed at post-intervention and FU1. However, by FU2 the differences were

smaller.

Table 3.3 Median (IQR) change in mooli intake for taste exposure groups who were
offered their usual snack (non-compliance) and not offered their usual snack.

Time-point Offered thelrl Offered only study U b
usual snack snack
Median (IQR)
Post-intervention 0.2g (-0.5-3.1) 7.1g (0.1 - 34.6) 509.00 0.016
FU1l 0.1g (-1.2-1.9) 11.1g (0.2 - 36.4) 401.50 0.001
FU2 2.3g (-0.5 - 13.0) 9.90 (0.3-31.8) 557.50 0.051

INurseries were considered non-compliant as they offered children their own snack
immediately after the study snacks
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3.5.4.2 Intervention effectiveness for the food fussy children

A previous study by Steinsbekk, Sveen, Fildes, Llewellyn, and Wichstram (2017)

proposed that a score O 3 on the CEBQ fussin
medium to high levels of food fussiness. To investigate if children who scored high on

food fussiness benefited from the interventions, food fussiness scores were

dichotomi sed as high (O 3) or low (< 3). The
categorisation varied in each group (taste exposure only; 16 high and 21 low,

education only; 12 high and 23 low, combined group; 5 high and 29 low; and control; 9

high and 7 low). ANCOVA indicated that when controlling for the two non-compliant

settings, high food fussy children significantly increased their intake if they received

the taste exposure intervention than those who did not (F (1, 37) 5.15, p = 0.029, d p

= 0.12). Average change in intake over the 3 time-points was +11.2 + 3.3g for taste

exposure groups (n = 21) compared to +0.5 = 3.0g for those who did not receive the

taste exposure intervention (n = 21). No effects of nutrition education, nor interaction

effects were observed (maximum F (1, 37) = 0.22).
3.4.5 Categorisation of children based on their eating status

Table 3.4 Proportion of children in each intake category, at each time point by
intervention condition.

Time- Eating Taste Nutrition Taste Exposure

point category Exposure Education + Nutrition education Control
n (%)
Non-eaters 15 (32%) 7 (18%) 14 (36%) 4 (25%)
Baseline?
Eaters 32 (68%) 31 (82%) 25 (64%) 12 (75%)
Post- Non-eaters 3 (6%) 0 (0%) 4 (10%) 4 (25%)
. -
INEerVention” £ ters 44 (94%) 38 (100%) 35 (90%) 12 (75%)
Non-eaters 8 (17%) 3 (8%) 6 (15%) 5 (31%)
FU1°
Eaters 39 (83%) 35 (92%) 33 (85%) 11 (69%)
Non-eaters 8 (17%) 4 (11%) 4 (10%) 4 (25.0%)
Fu2d
Eaters 39 (83%) 34 (89%) 35 (90%) 12 (75.0%)

Children were categorised as Non-eaters (Og intake), and Eaters (>0g intake): based on

their mooli intake at 2baseline baseline, Ppost-intervention, °FU1 and 9FU2.
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Whether a child eats any mooli is a proxy for fussiness as it is defined in relation to
the chil doés awillingness to toyehle eegetabla) rathef than relying on
parental reports of fussy eating. Given that many children did not eat mooli at
baseline, it was important to investigate outcome by eating category. Therefore,
children were c®iteegdri(sedake &ndOny) or Obeater
according to their eating pattern at baseline, post-intervention, FU1 and FU2 and
these are shown in Table 3.4. In addition to this children who were non-eaters at
baseline and remained non-eaters post-intervention is shown in Figure 3.8. Proportion
of non-eaters reduced from baseline to post-intervention in the three intervention
condition compared to the control condition. The numbers remained lower than
baseline at two follow-ups. This shows that taste exposure and nutrition education
intervention may help children to at least try some of the unfamiliar vegetable.
Additional analyses were performed based on the eating category, however as this
analysis was not the main focus of the present study, these are appended in Appendix
B14.

40%
36%

32%
30%
20% 18%
10%
10%
0% 0%
0%

25% 25%

% of non-eaters

Taste exposure Nutrition education Taste exposure + Control
(n=47) (n=38) nutrition education (n=16)
(n=39)

m Baseline (non-eaters) & Post-intervention (remained non-eaters)

Figure 3.8 Percentage of children who were non-eaters at the baseline and those who
remained non-eaters at post-intervention by condition.

3.4.6 Process evaluation
3.4.6.1 Taste exposure intervention feedback

Staff from all five nurseries in the taste exposure condition completed the evaluation
survey. Relevant quantitative evaluation data for taste exposure intervention are
summarised in table 3.5 and qualitative data containing examples of quotes from the
evaluation feedback are presented in Table 3.6.
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Table 3.5 Process feedback from nursery staff for taste exposure intervention. Mean
ratings; with minimum and maximum?,

Evaluation statement Mean Min Max
The study was interesting 4.2 3.0 5.0
We found this study a hassle to deliver 2.4 1.0 40

We were able to integrate the study requirements into our nursery 39 20 40

curriculum
Children were engaged during the tasting sessions 3.8 20 50
We have noticed a change in ch|I3.6 30 40

from week 1 to week 12 (September - December)

We have noticed a change in chil
other mealtimes in the nursery from week 1 to week 12 (September - 3.0 20 40
December)

We would recommend using a repeated taste exposure technique in

nursery settings at snack time 3.8 30 40

We advise using a repeated exposure technique at a meal time not

. 3.2 20 40
snack time

aThe evaluation questions were rated on a 5 point Likert scale ranging from 1 = strongly
disagree to 5 = strongly agree.

For the taste exposure intervention, four out of five settings reported that the
intervention was easy to deliver. These four nurseries also reported that children were
engaged during the taste exposure sessions. However, only two out of five nurseries
agreed that they were able to integrate the study requirements within their normal
nursery curriculum. Staff in three out of five nurseries noticed an increase in intake of
the target unfamiliar vegetable over the intervention period. It should be noted that the
two nurseries which did not report positive change in intake were those which offered
their usual nursery snacks to the children immediately after the test vegetable (quote
A). Staff reported that cost and time would be the main barriers to implement a
repeated taste exposure intervention in the future (quotes B and C). Some nurseries
reported that they found it challenging to get some children to try the new vegetable
(quote D), and two nurseries did not comply with the taste protocol as the staff
continued to offer the usual snack immediately after the vegetable snack. For overall
experience on a scale of 1 to 10 (where
positived) ratings from five nurseremes
See quotes E and F and G which highlights the importance of staff commitment and

their positive or negative experience of the present trial.

1

wer e

S
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Table 3.6 Quotes from nursery staff for taste exposure intervention; extracted from
nurseryd s pr ocesrssureey.al uati o

Quote Extracts for Taste Exposure Intervention

Fitting it into routine, as we couldn't start our normal snack around it so
Quote A took up most of the morning just focusing on snack, it reduced the
amount of play time children got.

Quote B Providing funding for repeated taste exposure vegetables. Cost
implications would be a barrier.

Quote C Time. Busy - day to day routine (trips, French etc.).

Quote D Encouraging the children to have the initial taste. Some children were

unsure due to the texture.

Children remember if they didn't like it so were reluctant to try again. It
was difficult having to have 2 snack times in a short time frame as
Quote E children who didn't eat the radish still need snack plus milk. We found
it hard having to stop the routine to monitor the individual intake. Staff
tried the radish and said it tasted awful and the smell put them off.

Was sometimes difficult for the staff to get the children to eat it whilst
Quote F they were playing. Most children were really keen and enthusiastic to
try the radish and often asked for more.

The children have thoroughly enjoyed this experience showing
Quote G excitement to participate in the taste exposure weekly. Staff members
have supported the children and encouraged them throughout.

3.4.6.2 Nutrition education intervention feedback

Staff from all six nurseries in the nutrition education condition completed the
evaluation survey. Relevant quantitative evaluation feedback for the PhunkyFoods
nutrition education intervention are summarised in table 3.7 and qualitative data are
highlighted in Table 3.8. Overall feedback for the education intervention was very
positive (quote H). All six nurseries reported that the PhunkyFoods resources are of a
high quality (quote 1). Five out of six nurseries reported that resources were easy to

use, easy to deliver and engaging for the preschool children (quote J).

Whilst five out of six nurseries reported that they believed that the implementation of
the education programme had an impact on healthy lifestyle awareness and
knowledge (quote K), four out of six nurseries reported that the programme did not

have any i mpact on improving childrenodos

heal
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Table 3.7 Process evaluation feedback from nursery staff for PhunkyFoods nutrition

education. Mean ratings; with minimum and maximum?,

Evaluation statement Mean

The PhunkyFoods key message activity ideas are simple and 4.0
clear for staff to deliver

The PhunkyFoods key message activity ideas are pitched at the 3.7
correct level for the children

The PhunkyFoods key message activity ideas are engaging for 3.8
the children

The PhunkyFoods resources are engaging for the children 4.0
The PhunkyFoods resources are of a high quality 4.3
The PhunkyFoods resources are of sufficient variety 4.0
The PhunkyFoods resources are easy to use 3.8
The PhunkyFoods website is easy to use 4.3
The PhunkyFoods website is supportive 4.2
The PhunkyFoods website is informative 4.3

Min

2.0

1.0

2.0

2.0

4.0

3.0

2.0

3.0

3.0

4.0

Max

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

5.0

aThe evaluation questions were rated on a 5 point Likert scale ranging from 1 = strongly

disagree to 5 = strongly agree.

The reason for perceived lack of impact may be due to partial programme

implementation, nursery food environment (Quote L) and may also be due to lack of

parent engagement. Only 2 nurseries were able to involve parents in the PhunkyFoods

activities (quote M). Finally, one nursery allocated to the nutrition education only

intervention recognised the importance of the taste exposure technique as they

commented that children did not receive enough exposure to the study vegetable and

suggested to improve the programme by offering the children more exposure to the

vegetable as part of the nutrition education programme (quote N).
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Table 3.8 Quotes from nursery staff for PhunkyFoods nutrition education intervention,
extracted fromnurseryd s process evalwuation survey.

Quote Extracts for Nutrition Education Intervention

The programme has been good and has given ourselves a few new ideas
to help reinforce the healthy eating and staying healthy topics we already

QuEiln do within our setting. Thank you for letting ourselves be part of the
programme.

Quote | The pack provides lots of easy thinking points. The flashcards make
learning easier for children.

Quote J The pack provides lots of easy thinking points. The flashcards make
learning easier for children.

Quote K Children are commenting more at mealtimes on the food on their plates
and the health benefits to their bodies.

Quote L As all children/ most children at the age of 3 meet a challenge with food.
Also, nursery menu not very child friendly and high in puddings/ sugar.

Quote M The parents are all aware of the programme and we discuss with them
what activities we have tried and what may be good to try at home.
[most disappointing thing] The children only got to try the vegetables

Quote N twice. If children are to like something, they have to try it more and more.

[Improvement suggestions] More chances to try the vegetable used in the
research.

3.5 Discussion

3.5.1 Key findings and comparison with previous studies

To our knowledge, this is the first trial to examine the efficacy of both a nutrition
education and taste exposure intervention delivered together or in isolation on intake
of an unfamiliar vegetable in preschool children. In partial support of the first
hypothesis, findings from the present study confirmed that repeated taste exposure
was an effective method to increase intake of mooli. However, there was no specific
impact of the nutrition education on overall intake nor any additional benefit of
combining taste exposure and nutrition education. In partial support of the second
hypothesis, with the taste exposure intervention food fussy children also improved
their intake. Overall, children across the study tended to increase their intake of the
unfamiliar vegetable over time. This may be attributed to the mere exposure effect,
since by the end of the study all children had received a minimum of four exposures to
the unfamiliar vegetable (Pliner, 1982; Zajonc, Markus, & Wilson, 1974). Also this may
be due, in part, to the change in childrenés
six months older by the final follow-up and some children may become less fussy with
time (Cooke, Chambers, Afiez, Croker, et al., 2011).
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I n the taste exposure conditions, ten
consumption by a quarterofaporti on (on average) of a <c¢
5% of their daily fruit and vegetable recommendation. The change was maintained six
months after the intervention phase. This study demonstrated that once a child
learned to eat a vegetable during the initial exposures they then maintained this intake
over the short-midterm at follow-up when offered the same vegetable again. Findings
from the current study provide support for lasting effects of taste exposure, at weeks
24 and 36. In contrast, a previous study by Cooke et al., (Cooke, Chambers, Afiez,
Croker, et al., 2011) found that effects of taste exposure alone (without rewards)
became non-significant by three months. These differences may be attributable to use
of a previously disliked rather than an unfamiliar vegetable and to differences between
using a home-based rather than a preschool setting for the study. Also, these
differences suggest that rewards may be needed if the effects are to endure in the
home environment but may not be necessary in nurseries where other motivating
factors such as peer modelling and social norms are present, in line with predictions

form the Social Learning Theory (Bandura, 1977).

The findings for nutrition education intervention might be accounted for by variable
compliance with all elements of the education programme or to the fact that the
nutrition education was not specifically about the target vegetable (mooli). Also, based
on the feedback from the nursery staff the nutrition education did not have any impact
on children6s e a tnirsery ménldnmes. By tlee 2" follaw-up t h e

c hi | dr e n étle educatioa dnly groum appeared to be increasing. As well as
children getting older, this may be because most of the nurseries with the education
programme continued to use the resources up to the follow-up periods. Hence
nutrition education may play a modest role in the longer term in encouraging intake of

vegetables.

Nutrition education is widely used in nurseries, however the present study
demonstrated that learning in a general way about vegetables is not sufficient to
increase intake of an unfamiliar vegetable. However, it may set the scene for children
to try the vegetable, as seen by a reduction in the number of non-eaters over time.
Previous studies have found that learning specific to a target food, such as through
visual exposure using picture books or sensory learning can be effective in increasing
intake of a target vegetable (Heath, et al., 2014; Houston-Price, et al., 2009).
Therefore, there may be some benefit to combining nutrition education with
experiential learning about the target vegetable with taste exposure so that a more

gradual, step-by-step approach is adopted. This approach might involve a first step of

exposu

hil

dos
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introducing vegetables in a general way through nutrition education followed by

experiential and sensory learning, and finally taste exposure. A more gradual

approach may tackle childrenés food avoi

children aged 7-9 years found that an integrated educational intervention involving
taste educatonand cul i nary experience reduced
increased their willingness to try novel foods (Park & Cho, 2016b). Therefore, taste
exposures could be integrated within existing nutrition education programmes, but
more work is needed to understand how the delivery of taste exposure can be
improved as only two nurseries in the present study felt able to integrate this into their
usual curriculum. The use of picture books highlighting a target vegetable or sensory
play may help to facilitate taste exposures and this is an ecologically valid method to
apply in the nursery (Coulthard & Sealy, 2017; Houston-Price, Owen, Kennedy, & Hill,
2019; Owen, et al., 2018).

Findings from the present s tssirkss waskssouiated
with a small, but significant increase in intake. In line with the previous research we
also found that children who scored high on food fussiness showed a lower increase
in intake of the novel vegetable than children scoring low on food fussiness (Fildes, et
al., 2016; Holley, Haycraft, et al., 2017). Yet, even the relatively fussy children in the
present study learned to eat the new vegetable over time, consistent with previous
taste exposure research (Caton, et al., 2014). This is because tasting unfamiliar foods
increases familiarity with these foods
avoidance behaviours. Another factor whichemer ged t o | i mit t he
effectiveness was offering children familiar foods immediately after the study
vegetable. Research suggests that if children are given a choice between an
unfamiliar or familiar food the preference for the familiar will mostly prevail over the
unfamiliar (Bevelander, Anschutz, & Engels, 2012). Thus, in nurseries where children
learned that their usual snack would still be available after the vegetable snack, this

inhibited intake of the target vegetable.

3.5.2 Strengths and Limitations

The strengths of this study include: randomisation, allocation concealment, reduced
selection bias (by using an opt-out approach at the individual level), objective data
collection and a long-term follow-up. However, study results should be considered in
the context of some limitations. First, a reasonable sample size was recruited,
however due to the nature of the study design there was a high rate of missing data
over time for the complete set of intake data including follow-ups (36%) and food

fussiness data (45%). As a result of this there was a substantially smaller sample size

c hi

danc

d

t hat

whi

ch

i nt e
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in the control condition. In terms of the intervention delivery, nurseries varied in the
extent to which they delivered the two components of the nutrition education
programme and compliance was recorded using self-report from nursery staff. Also,
attendance for each child was not recorded, therefore it is unknown how much of the
nutrition education was received individually. Implementation of the education
programme is in line with previous research which suggests that barriers exist in
implementing nutrition education interventions, hence they may be used infrequently
or assigned low priority in an already crowded curriculum (Knai, Pomerleau, Lock, &
McKee, 2006; Nathan, Wolfenden, et al., 2011; Sharp, Pettigrew, et al., 2017,
Williams, et al., 2014). Therefore, nutrition education programmes as used in the
present study are generalizable to the real world where implementation is variable.
Similarly, some nurseries did not comply with the repeated taste exposure protocol as
the staff continued to offer the usual snack immediately after the vegetable snack.
Despite this, the effect of taste exposure was still evident in the nursery context.

Due to the low number of questionnaires returned from the parents, the present study

was not able to explore the effects of taste exposure and nutrition education on usual

at home vegetable intake as pre-planned. Therefore, future research should assess

the effects of these interventions on the intake of the target vegetable as well as other

unfamiliar and familiar vegetables at nursery and home. It is also important to

investigate transfer effects, for example from nursery to home and vice versa.
Childrents food fussiness influences eating
success of a dietary intervention. Therefore, adjusting the intervention to suit the

individual needs of children, including non-eaters or fussy eaters, could improve the

success of taste, or education based interventions.

3.5.3 Conclusions and implications

When supporting young children in nurseries to eat well a consistent approach in
intervention delivery and commitment from the nursery staff are both essential. Taste
exposure is a robust and durable strategy to promote intake of an unfamiliar food. In
this study, preschool children who were willing to eat the unfamiliar vegetable
increased their intake of this vegetable over time following intermittent exposure
during snack time in a group setting. In contrast, nutrition education alone was not
sufficient to increase intake of an unfamiliar vegetable. However, nutrition education
may help to increase willingness to taste the unfamiliar vegetable. Therefore, in future,
such programmes could incorporate experiential learning including taste exposure to

encourage first steps towards tasting and eating a new vegetable.
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Chapter 4
Increasing intake of an unfamiliar vegetable in preschool
children through learning using storybooks and sensory play:

a cluster randomised trial

As highlighted in Chapters 1 to 3 taste exposure is an effective strategy for increasing
vegetable intake in preschool children. In comparison, nutrition education
programmes are widely used but the effects are small compared to taste exposure.
Hence, more research is needed to understand how nutrition education programmes
can be enhanced for promoting intake of unfamiliar vegetables in preschool children.
For example, do children need to learn about the target vegetable before trying it and
is direct learning necessary to increase willingness to try vegetables and to consume
them. Chapter 4 investigates whether a nutrition education programme may be
enhanced by asking two key research questions:

1. To encourage intake of a hovel vegetable in preschool children, is it important
that narrative storybooks and sensory play involve the target vegetable
(congruent learning)?

2. Is there any additional benefit of combining storybooks with sensory play for

increasing intake and willingness to try?

4.1 Steps taken

1. Designed and conducted a novel intervention study by combining both
storybook and sensory play
Implemented robust study design and research methods to collect data
Pre-registered the trial at clinical trials.gov
Evaluated the effects of congruent and incongruent learning, with and without
sensory play on intake and recognition
Assessed the impact of these strategies on willingness to taste
Completed process evaluation for both type of interventions

7. Reported finding according to the Consolidated Standards of Reporting Trials

(CONSORT) statement for cluster randomised trials
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4.2 Introduction

Benefits and barriers of eating vegetables are highlighted in Chapters 1 and 2. As
seen from the meta-analysis (Chapter 2) interventions are more effective in increasing
intake of unfamiliar or disliked vegetables than familiar/ liked vegetables. For
preschool children, nurseries are appropriate environments in which to encourage
children to try novel foods (Williams, et al., 2014). However, education programmes
implemented in nurseries to promote healthy eating tend to focus on vegetables which
are already familiar to the children. These programmes are designed to be fun,
interactive and engaging yet their effects on increasing vegetable intake are small
(DeCosta, et al., 2017; Nekitsing, Blundell-Birtill, et al., 2018; Nekitsing, Hetherington,
et al., 2018). This may be attributed to the indirect nature of how children are exposed
to vegetables in these programmes (i.e. reading about them but not handling or eating
them). Learning about vegetables may increase recognition of different vegetables but
may not translate to a behavioural outcome such as tasting or consuming these
vegetables. It is therefore important to know whether intake of an unfamiliar vegetable
might be encouraged by combining direct and indirect exposures to an unfamiliar
vegetable. Furthermore, it is not clear whether this type of learning also benefits from
being specific to a single vegetable (congruent learning) or whether learning about

any vegetable encourages intake of an unfamiliar vegetable (incongruent learning).

Strategies such as repeated taste exposure have been successful in increasing intake
of unfamiliar vegetables (Chapter 2). However, as found in the previous study
(Chapter 3) many children were non-eaters and nursery staff also reported that it was
difficult to get some children to try the target vegetable (mooli). For repeated taste
exposure to occur, it is important that children are at least willing to try the unfamiliar
food. Hence, further research is needed to support parents and caregivers to
introduce unfamiliar vegetables and to test the effectiveness of alternative exposure

techniques which may facilitate eventual intake (Dazeley, et al., 2012).

One way to engage with and motivate children is through picture/ storybooks (de

Droog, van Nee, Govers, & Buijzen, 2017; Heath, et al., 2014; Houston-Price, et al.,

2009; Owen, et al., 2018). Most children enjoy story times because these are shared

interactive sessions which allow them to be active participants. Earlier research has

shown that repeatedly exposing toddlers to vegetables using picture books increased

their willingness to taste the depicted foods (Heath, et al., 2014; Houston-Price, et al.,

2009; Owen, et al., 2018). Research by de Droog and colleagues has demonstrated

that storybooks with characters and a&@ngbedded

carrots wild.l make you fit and(dsDRrcogetgld can ap



96 Chapter 4

2014; de Droog, et al., 2017). For example, in their storybook, an animal character

(Rabbit) was only able to rescue his friend after eating carrots. The authors reported

an increase in childrenés carrot consumption
produce change by means of HAnarrative involyv
studies used a storybook approach to promote carrot consumption, but the use of a

familiar, well liked and commonly consumed vegetable might have limited the effect

size of the intervention. Therefore, a next step is to employ illustrated storybooks

which feature unfamiliar vegetables.

A more direct strategy to increase vegetable acceptance in nurseries is sensory play
(Coulthard & Sealy, 2017; Dazeley & Houston-Price, 2015; Hoppu, Prinz, Ojansivu,
Laaksonen, & Sandell, 2015). Vegetables are disliked, in part, due to their unfamiliar
odour and, at times, unusual texture, therefore activities incorporating tactile play with
vegetables may be effective to reduce novelty and fear of new foods in young children
(Coulthard & Sealy, 2017; Hoppu, et al., 2015). These activities may particularly help
children going through a food neophaobia or fussy eating phase (Coulthard & Thakker,
2015; Coulthard, Williamson, Palfreyman, & Lyttle, 2018; Nederkoorn, et al., 2015). A
study by Coulthard and Sealy (2017) found that children tried more fruits and
vegetables after sensory play compared to children who participated in a non-food
sensory play task or those who merely watched the sensory activity (visual exposure).
The study was well designed and included 8 different fruits and vegetables, but the
sample size was small (~20 children per group) and the outcome measure was
willingness to try rather than actual intake, with no baseline intake measures of foods.
Therefore, measuring actual intake (in grams) before and after this strategy is

warranted.

4.2.1 Aim and hypothesis:

The present study aimed to examine the combined effects of learning about an

unf amiliar vegetable through illustranted sto
illustrated narrative storybook throughout) with sensory play on recognition and intake

of that Atargetodo vegetable. The effect of <co
was predicted to produce a synergistic effect on intake. Here congruence refers to

whether the vegetable featured in the storybook and used in sensory play matched or

differed from the target vegetable. Congruency may facilitate learning about the

unfamiliar vegetable through cognitive processes such as improved recognition and

through linking the storybook to sensory play to establish perceptual learning. In
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particular, the study aimed to assess whether these strategies were effective in

increasing intake of an unfamiliar vegetable in children who are fussy eaters.

There were two hypotheses tested: the first hypothesis was that an illustrated,
congruent storybook would increase intake of an unfamiliar vegetable (celeriac)
compared to an incongruent storybook (carrot); secondly adding congruent sensory
play to the storybook would produce a synergistic effect on intake of celeriac. It was
predicted that the interaction between a congruent storybook with sensory play would
produce a synergistic effect by both encouraging awareness and recognition indirectly
through the storybook about that specific vegetable and directly through experiential
learning about the appearance, smell, sound and texture of the vegetable through
play. Thus, synergy was expected over and above additive effects due to combining
congruency through direct and indirect learning. Also, recognition of celeriac was
predicted to improve in the congruent conditions compared to the incongruent
conditions through increased awareness and experiential learning of this particular,

unfamiliar vegetable.

4.3 Methods

Present chapter is reported according to the CONSORT guidelines for cluster

randomised trials (see Appendix C1 for the checkilist).

4.3.1 Study design and setting

This study used a 2x2 factorial, parallel design, which was conducted in a cluster
randomised trial. The first factor concerned whether the congruency of a vegetable
was important in encouraging intake of that vegetable. Children were given
experiences with either celeriac (congruent) or carrot (incongruent), and the effect on
intake of celeriac was examined. The second factor concerned whether adding
sensory play would impact the effect of a storybook on intake of a vegetable. The
intervention was conducted over two weeks. The main outcome measure was celeriac
intake (measured in grams), assessed in two sessions, before the intervention and
after the intervention. The study was conducted in nurseries and the childcare staff
were required to deliver the intervention. Therefore, for convenience, ease of
intervention delivery, feasibility, condition concealment and to avoid disappointment in
children, the same experience was delivered within each nursery using a cluster
randomised design. The design is set out in Figure 4.1. The present study was
registered on the ClinicalTrials.gov; identifier NCT03400566. Ethics approval was
granted by the University of Leeds, School of Psychology Research Ethics

Committee; reference number 17-0251.
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4.3.2 Sample size, enrolment and participants

The effect of clustering was not taken into consideration when determining the sample

size, since a previous cluster randomised trial of a nutrition intervention reported that

clustering did not influence the outcomes in preschool children (De Bock, et al., 2012).

Using G*Power to calculate the sample size for factorial ANOVA, to observe a small-
medium effect size (Cohends f = 0.2@&l), with
sample size needed to be 199; minimum 50 children in each condition (Faul,

Erdfelder, Lang, & Buchner, 2007). It was predicted that three nurseries per condition

would be needed to meet this target.

Sixteen private nurseries from Leeds, Brighouse and Halifax (West Yorkshire, United
Kingdom) were approached in September 2017 by email and telephone (see
Appendix C2 for recruitment email). Nurseries were eligible to take part if they were
able to integrate the study requirements in their curriculum over two weeks in
November 2017. Nursery managers were told that they could keep the illustrated,
vegetable storybook used for the study (see details below) as a small incentive for
taking part in the research. Twelve nurseries (with 22 classrooms) which agreed to
participate in the study were randomly assigned to one of four conditions; (1)
congruent storybook only, (2) congruent storybook plus congruent sensory play; (3)
incongruent storybook only (4) incongruent storybook plus incongruent sensory play.
The childreni n t he congruent conditions | earned ab
vegetable (celeriac) whereas the children in the incongruent conditions learned about
a familiar vegetable (carrot).

Figure 4.2 shows the flow of the nurseries and participants through the trial. The
nurseries varied in size; therefore, stratified randomisation was used (Altman & Bland,
1999). The nurseries were divided into three strata, with the four largest in one
stratum and the four smallest in another stratum. One nursery in each stratum was
allocated to each condition, using a random number generation function within Excel.
Researcher PB generated the random allocation sequence. Children included in the
assessments were those who attended on the date when the intake assessment
sessions were conducted. The optimal timing of this was determined by nursery
managers. Nursery managers and staff were unaware of the study design and
condition assignment was concealed between clusters. Staff were told that the
intervention would include reading a story about vegetables and possibly some
sensory play. Staff were fully debriefed about the study after the intervention was
completed. Parents were given a list of possible study vegetables that could be used

in the study (this included the unfamiliar, target vegetable).
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Figure 4.1 Design and timeline of the study.

Celeriac was the congruent vegetable and carrot was the incongruent vegetable. Intake of celeriac was measured at baseline and post-

i ntervention.

Chi | s# bothreadesac and cairot wayg recorded at othdirgenpoints. The intervention phase consisted of two

activity sessions which included a story session or story session with sensory play, depending on the condition allocation and a familiarisation

phase. During the familiarisation phase storybook was displayed in the nurseries and children were repeatedly read their allocated storybook.
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Nurseries invited to take part (n = 16)

|

Chapter 4

Nurseries excluded (n = 4)

|

Nurseries (n = 12) / Children (n = 337)

= Declined to participate (n =4)

Children excluded (n =9)

Cluster randomized

|

L, = Food allergy (n = 2)

= Parental opt-out (n = 5)
= Child did not participate (n = 2)

|

Congruent storybook
only
= Nurseries (n = 3)
= Classrooms (n = 5)
= Children (n = 86)

l

Total children lost to
follow-up (n = 27)

Lost at each time point:

= Baseline (n = 11)
= Post-intake (n = 16)

l

Data analysed

= Completed both intake
assessments (n = 59)
69%

= Subgroup, baseline
non-eaters (n = 21) 24%

|

Congruent storybook
plus congruent sensory
= Nurseries (n = 3)
= Classrooms (n = 5)

= Children (n = 78)

l

Total children lost to
follow-up (n =12)

Lost at each time point:

= Baseline (n = 8)
= Post-intake (n = 4)

l

Data analysed

= Completed both intake
assessments (n = 66)
85%

= Subgroup, baseline
non-eaters (n = 18) 23%)

l

Incongruent storybook
only
= Nurseries (n = 3)
= Classrooms (n = 6)
= Children (n = 85)

l

Total children lost to
follow-up (n =20)
Lost at each time point:

= Baseline (n = 8)
» Post-intake (n = 12)

1

Data analysed

= Completed both intake
assessments (n = 65)
77%

= Subgroup, baseline
non-eaters (n = 18) 21%

l

Incongruent storybook
plus incongruent sensory
= Nurseries (n = 3)
= Classrooms (n = 6)
= Children (n = 88)

l

Total children lost to
follow-up (n =11)

Lost at each time point:

= Baseline (n=8)
= Post-intake (n = 3)

1

Data analysed

= Completed both intake
assessments (n=77)
88%

= Subgroup, baseline
non-eaters (n = 28) 32%

Figure 4.2 Flow of nurseries and children aged 2-5 years through the study.
No clusters were lost to follow-up or excluded from the analysis. Children were
classified as lost to follow-up and excluded from the analysis if they were away
for either of the intake assessment days. Subgroup analysis were performed
with children who were non-eaters at the baseline (0g intake).

A total of 337 children were enrolled in the study and the expected sample size was
achieved for the primary analysis. Consent to participate was sought from the nursery
manager at the cluster level and individually from parents using an opt-out approach
in eleven nurseries and opt-in approach in one nursery (parents were required to sign
consent forms in this nursery and only one parent did not consent). The nursery
managers signed consent forms and during the activities children were able to decline
to take part (see Appendix C3 for the nursery opt-in consent form; Appendix C4 for

the poster displayed outside the nursery rooms to make parents further aware of the
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ongoing research study; Appendix C5 for the parent information letter and opt-out

consent form and Appendix C6 for parent opt-in consent form (used in one setting)).

As most children were involved in the present study using an opt-out approach
(complete inclusion of eligible children), the selection bias was minimised. Children
were eligible to take part if they were aged 2-5 years and attended the nursery class
on the celeriac intake assessment days. They were excluded from the study if they
had any relevant food allergies, a medical condition which prevented them from eating
the study vegetable, their parents did not want them to participate, or if the child

indicated that they did not want to participate at the time of assessments (Figure 4.2).

4.3.3 Materials
4.3.3.1 Target vegetable/ alternate vegetable

I n order to determine which unfamiliar veget
seven, relatively rarely eaten vegetables in their raw form which are available through

the winter season in the United Kingdom were selected for sensory testing by four

researchers (two senior academic researchers, a postgraduate research student and

a public health nutritionist). Researchers tasted butternut squash, cauliflower, celeriac,

chayote, mild pink radish, Romanesco cauliflower and turnip. Each vegetable was

rated for visual acceptability, texture, flavour, odour and suitability to eat raw by small

children. Researchers verbally discussed which vegetable would be suitable for the

study based on these criteria. Mutually it was decided that celeriac would be a

suitable target raw vegetable.

The target vegetable (celeriac) was used for learning in the congruent conditions and
in comparison for the incongruent conditions a familiar vegetable (carrot) was used. A
relatively familiar vegetable was used to address the research question of congruency
and transfer effects, i.e. whether learning/ experience with an already familiar
vegetable increases the intake of the target vegetable (celeriac). Carrot was thought
to be ideal because it is one of the most familiar vegetables for children in the UK
(Ahern, Caton, et al., 2013). Also, it shared some characteristics with celeriac as it is
also a root vegetable. Carrot as a familiar and celeriac as an unfamiliar vegetable has
been used in previous research with children aged 7-11 years (Coulthard, Palfreyman
& Morizet, 2016).

4.3.3.2 Materials - lllustrated storybooks

The storybooks were specifically designed for the present study and were the main

experimental stimuli (see Figure 4.3 for the cover page and snapshot of the
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storybooks). The books featured four other vegetables (runner bean, beetroot, squash
and leek) in addition to the target (celeriac) or familiar (carrot) vegetable, but their
presence was less emphasised. A professional illustrator created two identical A4 size
(landscape) storybooks differing only in the main vegetable character (celeriac or
carrot). The cover page of the story included a picture of the celeriac or carrot and
was displayed in the classroom over the 2-week period (between test sessions). This
was done to increase familiarity. The picture of the main vegetable story character
was made from a photograph of the real vegetable (not a cartoon) with the addition of
little hands and feet (see Figure 4.3). This suggestion was made by some nursery
managers who advised that vegetables should be realistic for the storybook and
would be better for childrenés | earning
which children sometimes struggle to recognise. The storybook was written by a
consultant teacher, who incorporated repetition and rhyming to keep the children
attentive and involved. A professional editor specialising in books for young children

helped with suitable phrasing, vocabulary and length. The storybookwas ent i t |

rath
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Knobbly Wobbly Bobbly Celeriacd (or Carrot)

and engaging.

The Knobbly,
wWobbly, Bobbly 2 Y’
Celeriac

and rather bobbly.

It was jumping up and down, saying
“I'm a celeriac - eat me, et me!”

And today, Alex and Morgan chose
the knobbly, wobbly, bobbly celeriac.

It cried with joy at finally being chose

By Alexandra Campbell

(a) Congruent storybook

Then, in the corner of the shop, they
l he Kn Obb ’y N spotted something rather odd..
v,
' -

\!}' It was knobbly

Wobbl| Y, Bobbl y 3 ;7 NI | e
Carrof

Itwas jumping up and down, saying
“I'm a carrol - eal me, eat me!”

And today, Alex and Morgan chose
the knobbly, wobbly, bobbly carrot. v

It cried with joy af finally being chosen

By Alexandra Campbell

(b) Incongruent storybook

Figure 4.3 Storybooks were identical except that they featured the congruent
vegetable celeriac (a) or incongruent vegetable carrot (b). The storybooks are
copyright ©PhunkyFoods.
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The storyline illustrated two children visit
mother from Monday to Friday to choose a vegetable to eat with their tea. Each day

the children picked a different vegetable which included the following vegetable
characters; 6gmBeambd meamo o u Beneetorod o tadn,d &huit eh b«
andnotsoposhSquash6é and Osl leeeekk,6 .c hEivece,r yu ntiignee t hey
vegetable, they always spotted the odd-looking vegetable in the corner of the shop -

the Knobbly Wobbly Bobbly Celeriac (or Carrot). They finally picked the Celeriac (or

Carrot) which they had for their tea and it

have ever tried, and they were glad to have chosen it.

4.3.3.3 Materials - Sensory play

The staff were provided with a kit which included six different forms of celeriac or
carrot along with some instructions on how to use them for the sensory activity.
Vegetable forms provided for the sensory play included: the whole vegetable (uncut),
a half vegetable, sliced, sticks, grated and spiralized forms of the vegetable (see
Figure 4.4).

ook

! \‘»\‘o;,-..}’x,; o
N ’i’

m -""

Figure 4.4 Example of children engaging in sensory play during the intervention.
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The activities included sound (e.g. recalling the vegetable name, tapping the
vegetable to hear a sound), sight (e.g. look at different versions of the vegetable and
describe the colour), touch (e.g. feel the texture of the different forms) and smell (e.g.
pick and sniff the different forms) but not taste (See Figure 1.3 in Chapter 1). For
detailed instructions of sensory play activity session see Appendix C8. The staff were
asked to encourage every child to participate in these activities. See Figure 4.4 for

example of sensory play sessions in a nursery classroom.

4.3.4 Procedure

The nursery staff were provided with all the necessary resources and some basic
instructions to deliver the intervention to children in their classrooms (See Appendix
C7 for an example of individual nursery plan). On the first day of the intervention,
immediately following the baseline vegetable recognition test and intake assessment,
the allocated storybook was read to the children (see Figure 4.5 for examples of a
story session in a classroom). The children in the two congruent (target) conditions
were read the celeriac story and children allocated to the incongruent (control)
conditions were read the carrot story. Children who were also allocated to the sensory
play conditions were encouraged to explore and play with the respective vegetable
(see Figure 4.1, under Activity 1 and Activity 2). Over the next 14 days (nine nursery
days), staff were requested to keep the storybooks on a clear acrylic stands provided
to increase visual exposure and to read their designated storybooks for a minimum of
five times. The recommended number of storybook sessions was based on a previous

research (de Droog, et al., 2014).

The staff were free to read the storybook when it suited their curriculum but were
asked to aim for times when most of the study children were likely to be present
(different children attend nurseries on different days). The staff were also asked to
keep a register of attendance so that children who were absent during the story times
could be identified. On average, individual children were read their story on five
occasions (ranging from two to seven) and this did not vary by condition. On the final
day of the intervention, procedures of the first day were repeated. This was
immediately followed by a post-intervention recognition test and intake assessment.
Parents were given questionnaires to take home from the nursery. The researcher
was present to observe staff on occasions, on Days 1 and 15, taking notes on delivery

and compliance with the intervention. The story session lasted between 5 and 12

mi nutes depending on the chi lrdstiretmedtsry.ag e,

at
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Figure 4.5 Pictures of staff reading the storybook to the children in nursery
classroom during the study story session.

4.3.5 Baseline and post-intervention vegetable recognition test procedure

Children were shown two photo cards, one with a picture of the celeriac and the other
with a carrot (images used for the photo cards were same as the picture on the front
cover of the storybooks, see Figure 4.6). The order in which the photo cards were
shown to children was randomised. Children were individually asked by the nursery
teacher to name each vegetable. The response of the child was then recorded for

each vegetable.

Figure 4.6 Photo cards used for vegetable recognition tests at baseline and post-
intervention

4.3.6 Baseline and post-intervention intake assessment procedure

On the first day of the study, immediately before the intervention began, the children
were offered40g( 1 o f t h e of the rawbcelexiac cirad yérg encouraged to eat
as much as they wanted. Fresh celeriac was peeled and cut into chunks, placed into a
food processor (Veggie Bullet by NutriBullet, VBR-1001, Los Angeles, California) and
cut into thin ~0.4mm bite size slices. 40g of the celeriac was placed in clear snack
bags then labelled for each child and weighed individually (to the nearest 0.019),
before and after eating sessions using a digital scale (Mettler, PJ4000, Greifensee,
Switzerland) by the researcher (see Figure 4.7 for preparation of celeriac for the
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intake assessments). During transit, the snack bags were placed in a cool bag with ice
packs and were delivered to the nurseries at least 45 minutes prior to the eating
session. Staff were advised to store the celeriac in the cool bag provided before and
after consumption in order to prevent any moisture loss. Also, the staff were asked to

ensure that children did not swap or share their snack and any remaining food was

returned back to the childbés cl ear, pl astic

the celeriac intake were made by the researcher. The time of the assessment
procedure was agreed with the nursery staff and was at a time when the children
would usually have a snack (morning or afternoon). It was assumed that since this

was a typical snack time, children would be hungry.

Figure 4.7 preparation of celeriac (target vegetable) for intake assessments

4.3.7 Data collection and measures

The outcome variables were measured at an individual level because factors such as
chil ddéos eating traits which may defhfect

4.3.7.1 Primary outcome
The pre-specified primary outcome was celeriac intake. This was assessed in two
ways: whether the children ate any celeriac after the intervention, and the change in
weight consumed from baseline (day 1) to post-intervention (day 15).

veget
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4.3.7.2 Secondary outcome

Chil dr ends a beithe target vegetablerwasca@rg-specified secondary
outcome. All children were tested for their ability to name the congruent vegetable
(celeriac) and incongruent vegetable (carrot) at baseline (day 1) and post-intervention
(day 15).

4.3.7.3 Other measures Demographic and eating behaviour

Data for childrendés age narsedymanagers.We gpecificor ovi de
predictions were made about age or sex, but data was collected for descriptive

pur poses. Parents were asked to report their
over the last month using ratings on a 9-point scale which ranged from never or less

than once per month to six plus per day, adapted from the European Prospective

Investigation of Cancer (EPIC)-Norfolk Food Frequency Questionnaire (FFQ

(Mulligan, et al., 2014). Parents also completed the 6-items of the Food Fussiness
subscale (U = 0.(wadle,etab,f2001).See ABHERIIQCI for the

study questionnaire. Mostly parents provided the information for food fussiness (n =

217), however for some children the nursery key worker completed the questionnaire

(n = 26). An independent groups comparison indicated no difference in mean ratings

by parents or the nursery staff.

4.3.7.4 Intervention evaluation measures

As part of the evaluation process of the interventions, staff from 22 classrooms within

the 12 nurseries were asked for feedback using open and closed questions on a

questionnaire which was left with staff to complete at the end of the intervention. Staff

were asked about suitability, user engagement, integration, challenges, and

effectiveness of the storybooks and sensory play, depending on the condition

allocation. See Appendix C10 for the storybook plus sensory play evaluation

guestionnaire, questions about sensory play were omitted from the storybook only

setting evaluation. The questionnaire consisted ofopen-e nded questi ons (e.
feasible would it be to include story and sensory learning sessions in your usual
practice?0) as well as items r eegample,i ng respo
Achil dren waenmnde emtghhagsidasti ¢ during the tasti

rated onascaleof 1to5 wherel=0ext remel y ne@eaxt rwermelayndp &s i

4.3.8 Statistical analysis

Children were excluded from the analysis if their intake data were missing from

baseline (n = 35) or post intervention (n = 35). For additional analysis 24 children with
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missing food fussiness data were excluded. Food fussiness was dichotomised as high
(score O 3) or low (score < Stginshekkseead, on prev
2017. For the subgroup analysis only the children who did not eat any celeriac at

baseline were included (n = 85). Figure 4.2 shows the number of children included in

the analysis by condition. Chi-square and ANOVA were conducted to check for

differences in sex, age, food fussiness and baseline celeriac intake across condition,

as well as between those children whose data was included and those who were

originally recruited.

As children were recruited using a cluster design, it was important to determine the
impact of cluster assignment. Therefore, corrections were applied to take account of
the clustering into nurseries (Campbell, et al., 2000; Murray, 1998). The variance
explained by the nurseries was calculated using the Restricted Maximum Likelihood
Model (SPSS) based on the baseline intake data; nurseries were added as the
random factors and age and food fussiness as a covariate. There was a small
clustering effect observed using this method. The intra-cluster correlation (ICC) of } =
0.013 with average cluster size of 22 children per nursery indicated a design effect
(DE) of 1.29. A previous study in this field reported that controlling for cluster is not
necessary if the design effect is < 2.0 (De Bock, et al., 2012). However, for precision
reporting, all outcomes on intake are reported after adjustments to Z / F statistics and
U-values (Campbell, et al., 2000; Murray, 1998). Intake data from both time points was
positively skewed as many children ate near to Og of celeriac, therefore non-
parametric Wilcoxon Signed Ranks test was conducted to investigate if the intake
increased from baseline to post intervention in each condition. All other analyses were
performed using the change in intake data as this was more normally distributed. The
change in intake was calculated as the difference in score between the baseline
intake and post-intervention intake. Bivariate correlations were conducted to

investigat e t he association of a participantoés ct

A 2x2 factorial ANOVA was carried out to examine the main effects of congruency

(congruent or incongruent vegetable), and intervention type (storybook, or storybook

and sensory playyonchange in intake of celeriac. As <ch
influence intake of vegetables, a further 2x2x2 ANCOVA analysis was performed to

investigate the effects of interventions by adding food fussiness level (high or low) as

a between-subjects factor, and age and baseline intake as covariates. To assess

effects of intervention in children who did not eat any celeriac at baseline, a 2x2

ANOVA was performed with subgroup of non-eaters (baseline intake = 0g).
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For the secondary outcome, a chi-square test was used to determine if there was a

significant difference between groups atpost-i nt er venti on i n chil dren
recognise the target vegetable. Data are reported as means with their standard errors

(SEM) except for the non-parametric tests where median with interquartile range

(IQR) is reported. Data were analysed using IBM SPSS Statistics, version 24 (SPSS,

2018). T hvalue Was set to 0.05 for most of the analysis except for the multiple

non-parametric tests where Bonferroni corrections were applied.

4.4 Results

4.4.1 Participant characteristics

Two hundred and sixty-seven children (148 boys and 119 girls) with mean age of 38.9
+ 0.5 months were included in the final analyses. Table 4.1 summarises
characteristics of the children and at home vegetable intake. There were small group
differences for baseline intake and carrot knowledge. Children in the incongruent
storybook only group ate significantly more of the unfamiliar vegetable at baseline
than children in the incongruent storybook plus incongruent sensory play, therefore
baseline intake was controlled for in the subsequent analysis. There were no
differences observed between conditions for age, sex or food fussiness scores. Also,
no differences were observed in participant characteristics or baseline intake for
children who completed the intervention and those who were lost to follow-up (see
Appendix C11).

4.4.2 Association of participant characteristics with vegetable intake

Correlation analysis indicated that children
fussiness or baseline intake, but age was positively associated with post-intervention
intake (r = 0.21, p = 0.001) and change in intake (r = 0.16, p = 0.007). This suggest
that older children in the study increased their intake more over time than the younger
children. Food fussiness was negatively associated with baseline (r =-0.23, p <
0.001) and post-intervention intakes (r = -0.28, p < 0.001). This shows that children
who were more food fussy ate celeriac less at both time points than children who were
scored as less fussy. However, food fussiness was not associated with change in
intake. Baseline intake was positively correlated with post-intervention intake (r =
0.58, p < 0.001) but inversely correlated with change in intake (r = - 0.21, p = 0.001).
This indicates that children who ate more at the beginning of the trial continued to eat
more at post-intervention, but the children who were eating less at baseline made
greater improvements in intake over time. There was no association between the

number of recorded story reads with change in intake.



Table 4.1 Characteristics of nursery children and baseline intake (g) of the unfamiliar vegetable by intervention condition.

Congruent?
Congruent? storybook + Incongruent?
storybook only congruent sensory storybook only
play
n® 59 66 65
n per cluster Nursery 1 =12 Nursery 1 =21 Nursery 1 =6
Nursery 2 = 17 Nursery 2 = 22 Nursery 2 = 24
Nursery 3 =30 Nursery 3 = 23 Nursery 3 =35
Child sex, n (girl/ boy) 32/27 26/ 40 30/ 35
Mean £ SEM
Age (months) 39.6+0.9 39.8+0.9 37.7+ 1.0
Food fussiness score® 287 0.1 264+0.1 2701

Proportion (%) of children who eat these vegetable > once/ month at home®
Carrot (%) 94% 97% 94%
Celeriac (%) 7% 12% 14%

2Celeriac was the congruent vegetable and carrot was the incongruent vegetable

Incongruent?
storybook +
incongruent sensory

play
77

Nursery 1 = 20
Nursery 2 = 28
Nursery 3 = 29
31/46

38.8+0.8
285+0.1

95%
8%

f & pvalue

6¢>=3.59 0.309

F=1.03 0.381
F=1.058 0.367

¢>=0.60 0.898
=191 0.591

®PNumber of children included in the analysis with complete data: celeriac intake (n = 267); food fussiness (n = 243); FFQ (n = 216).

°Food fussiness score measured using the Food Fussiness subscale of the Child Eating Behaviour Questionnaire (CEBQ); score range 1-5.
YFFQ, Food frequency questionnaire provides the percentage of children eating the selected vegetables more than once per month at home,
note: FFQ celeriac intake may be over reported by some parents as it seemed to be confused with celery.
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Figure 4.8 Mean (xSEM) intake (grams) of the celeriac at baseline and post-intervention by condition for (a) all children (n = 267) and (b) baseline
Non-eaters (0g intake; n = 85). The number of children in each condition is given below the bars.

TTT

¥ 191deyd



112 Chapter 4

4.4.3 Primary analysis; celeriac intake

Mean intake of celeriac at baseline and post-intervention by condition for all children
and baseline non-eaters is shown in Figure 4.8 and change in intake from baseline to
post-intervention for all children and non-eaters is displayed in Figure 4.9. Wilcoxon
Signed-Ranks test shown in Table 4.2 indicated that post-intervention intakes were
higher than baseline ranks in all groups except for the incongruent storybook only
condition. This shows that when storybook only approach is used congruency is
important as when using the storybook only approach, only the children who received
celeriac storybook increased their intake from baseline to post-intervention. However,
congruency may not be necessary when sensory play is combined with storybook, as
children in the incongruent storybook plus incongruent sensory condition increased

intake from baseline to post-intervention.

Table 4.2 Median (IQR) celeriac intake at baseline and post-intervention by
intervention condition.

Time-point Baseline Post-intervention Z

Median (IQR)
Congruent storybook only 0.4 (0.0-2.7) 1.6 (0.17 9.0) -2.91 0.003
fg:grrjs::;ﬁ;f’rgopﬁ; 0.7 (0.0 - 4.3) 22 (057 15.1) 313 0.002
Incongruent storybook only 1.0 (0.0 - 5.4) 0.9(0.17 9.3) -1.69 0.091

Incongruent storybook +
incongruent sensory play

0.2 (0.00 - 0.65) 0.5 (0.007 10.25) -3.45 0.001
A 2x2 ANOVA on the change in celeriac intake indicated no main effects of vegetable
congruency or intervention type, nor were there any interaction effects (maximum F (1,
267) = 1.54). Food fussiness level (high or low) was then included to assess
intervention effects by this eating trait, and age and baseline intake were added as
covariates because age of the children was associated with change in intake and the
baseline intake significantly differed between groups. This ANCOVA revealed a main
effect of food fussiness, that is children who scored low on the food fussiness scale
had a greater change in intake than children who scored high on this subscale (mean
difference = +4.9g + 1.3; F (1, 242) = 10.54, p = 0.001, d p= 0.05), However, no main
effects or interaction effects of vegetable congruency or intervention type were
observed (maximum F (1, 242) = 3.69).
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Figure 4.9 Mean (x SEM) changes in celeriac intake from baseline to post-intervention
by 2x2 factorial design, for all children and baseline non-eaters.

4.4.4 Subgroup analysis with baseline non-eaters

It was pre-planned to investigate the effects of the intervention on willingness to taste.
Whether children eat a vegetable is a proxy for fussiness as it is defined in relation to
the childds actual intake behaviour (willing
a third (32%) of children did not eat celeriac at baseline, it was important to investigate
the outcome for these non-eaters. Figure 4.9 shows change in intake from baseline to
post-intervention by 2x2 factorial design for subgroup of 85 children who did not eat
celeriac at baseline. A 2x2 ANOVA indicated that the children were more likely to
taste the celeriac after storybook plus sensory intervention (+2.9 + 0.7g) compared to
storybook only (+0.3 + 0.7g; F (1, 81) = 5.15, p = 0.026, d p= 0.08). No effects of
vegetable congruency or interaction effects were observed (maximum F (1, 81) =
0.07). It is worth noting that in this subgroup 46% of the children scored high on food
fussiness, 47% scored low and for 7% of the children their food fussiness level was
unknown. This shows that it is not only the food fussy children who are not willing to

taste new vegetables.

4.4.5 Categorisation of children based on their eating status

As many children did not eat celeriac at baseline, it was important to investigate

whether number of children who did not eat celeriac declined after the intervention.

Therefore, children were categorised as -eéantcenmr s6 (i ntake =>0g) or
0g) according to their eating pattern at baseline, post-intervention (see Table 4.3 and

Figure 4.10).
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Table 4.3 Proportion of children in each intake category by intervention condition.
Children were categorised (n) according to their baseline and post-intervention
celeriac intake.

Conaruent? Congruent? T — Incongruent?
. . . 9 storybook + 9 storybook +
Time-point Eating category storybook storybook .
congruent incongruent
only only
sensory play sensory play
n (%)
Non-eaters 21 (36%) 18 (27%) 18 (28%) 28 (36%)
Baseline®
Eaters 38 (64%) 48 (73%) 47 (72%) 49 (64%)
Non-eaters 14 (24%) 7 (11%) 15 (23%) 27 (35%)
Post-intervention®
Eaters 45 (76%) 59 (89%) 50 (77%) 50 (65%)
aCeleriac was the congruent vegetable and carrot was the incongruent vegetable.
Children were categorised as Non-eaters (0g intake), and Eaters (>0g intake): based on their
bhaseline celeriac intake; and °post-intervention celeriac intake.

Proportion of non-eaters reduced from baseline to post-intervention mostly in the
congruent conditions (Table 4.3). Those who were non-eaters at baseline were more
likely to be eaters in the two storybook plus sensory condition. In particular non-eaters
in the congruent storybook plus incongruent sensory condition were most likely to at
least try the unfamiliar vegetable (Figure 4.10). Additional analyses were performed
based on the eating category, however as this analysis was not the main focus of the

present study, these are appended in Appendix C12.

40%

36(%J 360/0
30% 27% 28%
2]
5
® 20% .
< 20% 17% 18%
c
©
S 10%
6%

0%
Congruent storybook +  Congruent storybook Incongruent storybook + Incongruent storybook

congruent sensory play only incongruent sensory only
(n =66) (n =59) play (n =65)
(n=77)

u Baseline (non-eaters) ® Post-intervention (remained non-eaters)

Figure 4.10 Percentage of children who were non-eaters at the baseline and those
who remained non-eaters at post-intervention by condition.
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4.4.6 Vegetable recognition tests

In total, 261 children completed the vegetable recognition test at both assessment
points for carrot and celeriac (see Table 4.4 for proportion of children correctly naming
the vegetables at baseline and post intervention, in each condition). At baseline,
almost all children (91%; n = 238) correctly recognised carrot whereas none
recognised the celeriac. At post-intervention 86 (33%) of the 261 children recognised
the celeriac. Celeriac was correctly named by 70% of the children who were read the
congruent storybook, compared to 0% of the children who were read the incongruent
storybook (6% (1) = 143.62, p < 0.0001). This shows that storybook congruency
improved recoghnition of the target vegetable. Moreover, 88% of the children in the
congruent storybook plus congruent sensory play condition named the vegetable
correctly compared to 50% in the congruent storybook only condition (62 (1) = 20.25, p
< 0.0001), this indicates that congruentsensoryp | ay may further i mpr oy

ability to recognise the vegetable through increasing familiarity.

Table 4.4 Proportion of children who correctly recognised carrot and celeriac at
baseline and post-intervention in each condition

a a
Congruent? Congruent Incongruent® Incongruent
storybook + storybook +
storybook storybook .
il congruent il incongruent
sensory play sensory play
N 58 64 63 76
= Baseline 86% 97% 84% 96% 10.51 0.015
g Post-
ON . 91% 100% 94% 99% 8.55 0.036
intervention
8 Baseline 0% 0% 0% 0%
@ Post
Sk : 50% 88% 0% 0% 163.10  <0.001
intervention

4.4.7 Process evaluation data

Feedback was received from all 22 classrooms within the 12 settings. See Table 4.5
for ratings and Table 4.6 for some of the relevant quotes from the evaluation
feedback. The feedback from nursery staff was mostly positive (quotes A and B). All
respondents reported that they planned to continue to read the study storybook in
their nurseries after the study and recommended using vegetable storybooks to
increase vegetable intake in children. Some of the ratings varied by the intervention
condition, for example when asked if children were enthusiastic about tasting the
novel vegetable the scores were generally higher for the two sensory groups (see
Table 4.5).
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Table 4.5 Process evaluation from 22 nursery staff2 by condition to indicate suitability,
user engagement, integration, challenges, and effectiveness of a storybook and
sensory play intervention. Mean ratings are presented in which higher scores
indicate a more positive experience®.

Congruent Congruent Incongruent Incongruent Overall
storybook storybook + storybook storybook +

Evaluation item only® congruent only® incongruent
sensory sensory
play* play®
Study was interesting 4.0 4.4 3.2 3.8 3.8
Study was not a hassle to deliver 4.0 4.0 3.1 4.3 3.9

Able to integrate study

. . . 4.0 3.8 4.0 3.8 3.9
requirements into curriculum
Children V\_/ere engaged during 42 a4 47 45 45
the story time
Re_commend vegetablc_e stories 4.0 a4 4.0 43 42
to increase vegetable intake
Will continue to read the story 4.2 4.6 4.3 4.7 4.5
Children wgrg engaged during the N/A 46 N/A 47 46
sensory activity
Repommend sensory gctlvny N/A 46 N/A 45 45
to increase vegetable intake
Notlced. change in knowledge 36 46 23 25 32
of celeriac
Noticed change in knowledge 30 42 32 35 35
of other story vegetables
Children engaged and
enthusiastic during tasting 3.6 4.0 3.3 4.0 3.7
session
Noticed change in intake
of celeriac from pre-intake 3.6 3.6 2.7 25 3.0
to post-intake
Overall experience® 8.0 9.6 7.5 7.0 8.0

aThe response rate was 100%. Staff from 22 classrooms within 12 nurseries completed the
evaluation survey.

bEvaluation questions were mostly rated on a 5-point Likert scale ranging from 1 = strongly

disagree to 5 = strongly agree except for the questionon ver al | experience ¢
which a 10-point Likert scale ranging from 1 = extremely negative to 10 = extremely positive was
used.

¢Celeriac was the congruent vegetable and carrot was the incongruent vegetable.
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Table 4.6 Qualitative data from the nursery
Quote Extracts for Storybook and Sensory Play Interventions
Quote A We liked the Rhyme and all the different fruit and veg we learned

about! Most children seemed to love celeriac :-) Thank you

Quote B The children really engaged in the book at story times. Showing great

knowledge and remembering parts of the story.

Quote C We have not noticed a change in vegetable intake at mealtimes
Quote D The children are discussing vegetables during mealtimes more.
Quote E At snack time children are starting to taste different vegetables but we

haven't used celeriac in our snack time.

This could be done at nursery. Children enjoy sensory activities and
Quote F story times. We could also have discussions around healthy eating

and the importance of eating vegetables at group circle times.

Quote G A few more stories like the one we had would help, it would help the
children understand about different range of vegetables.

Quote H Only barrier would be having spare vegetables to use.
Quote | May be more activities and more opportunities to try the veg.
Quote J Yes! Acting out the story and experimenting with preparing veg in

different ways/ veg sensory

Quote K Set up a healthy eating area and help the children explore lots of
different vegetables.

Some of the qualitative data collected using open gquestions are summarised here
(see Table 4.6). Many settings reported no change to the usual vegetable intake in the
nurseries (quote C) but some classroom staff reported that they had noticed children
discussing the vegetables or trying different vegetables at mealtimes (quotes D and
E). All respondents confirmed that it would be feasible to deliver interventions such as
the storybooks and sensory play; this may be because children enjoy these activities
(quote F). However, resources such as vegetable stories, puppets, food spiralizer,

and extra vegetables for play would help to implement these activities in the nurseries
(quotes G and H). Staff suggestions for making improvements to the study included
offering a variety of vegetables and additional opportunities to taste the target

vegetable (quote I). Finally, the staff were asked if they would include any additional
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activities in their classrooms using vegetables as a result of taking part in the present
study. Twenty-one of the 22 staff stated that they would include additional vegetable
activities, for example: sensory activities, making soup, chopping vegetables,
vegetable printing, talking about vegetables and textures, growing vegetable and
having a designated area in the classroom to explore vegetables (quotes J and K).

See Appendix C13 and Appendix C14 for research impact from this study.

4.5 Discussion

4.5.1 Key findings and comparison with other studies

To our knowledge, this is the first cluster randomised trial investigating the effects of a
storybook, combined with non-taste sensory play, on intake of an unfamiliar vegetable
in preschool children aged 2-5 years. The findings from the present study partially
supported the primary hypothesis, that providing experience of an unfamiliar
vegetable (celeriac) through an illustrated storybook together with sensory play would
increase intake of that vegetable compared to a similar intervention using a different
vegetable. For the full sample of children, results showed that congruency of a
storybook is important when a storybook only approach was used but was not
necessary when sensory play was involved, as playing with celeriac (congruent
sensory) or carrot (incongruent senseday) inc
post-intervention. However, the change in intake did not vary between different
conditions. For the subgroup of children who ate no celeriac at baseline, sensory play
with either the congruent or the incongruent vegetable in addition to the storybook
increased the likelihood of eating celeriac compared to children who received the

storybook only intervention.

Children who received the congruent storybook improved in their recognition of the
unfamiliar vegetable but, there was no change for children in the incongruent
conditions. The best outcomes for likelihood of recognising celeriac were observed
when congruency of the storybook was combined with congruent sensory play. This
shows that congruency may be very important for preschoolers to recognise
unfamiliar vegetables. Also, the process evaluation feedback from the nursery staff
confirmed that the strategies of using storybooks and sensory play to increase
vegetable consumption in nursery are feasible and children enjoyed these types of
interactive activities. Therefore, the present intervention is likely to be accepted in

childcare settings.

A third of the children in present study did not eat the unfamiliar vegetable at baseline.

This shows that there is a need for vegetable promoting interventions in nurseries. On
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average children in the congruent storybook plus congruent sensory cluster increased
their intake by 6g, which is 3% of their daily fruit and vegetable consumption. This
change is small but it can be impactful at a population level if the change in intake is
sustained (Bere, te Velde, Smastuen, Twisk, & Klepp, 2015; De Bock, et al., 2012).
Although, the intervention did not affect the amount the children ate, it did increase the
probability of children eating some celeriac over a relatively short period, and this
could be a means to get children to consume vegetables in order to increase intake

further via repeated exposures.

Previous studies have shown that vegetable story/picture books increase willingness
to taste vegetables in toddlers (de Droog, et al., 2014; Heath, et al., 2014; Houston-
Price, et al., 2009; Owen, et al., 2018). The present study confirms that congruency is
important in using a storybook approach. In addition, the present study demonstrates
that sensory play with either vegetable encouraged intake of celeriac in children
categorised as non-eaters. Previous studies have also found some generalization
from playing with a specific vegetable to greater acceptance of other vegetables not
included in the sensory activity (Coulthard & Sealy, 2017; Rioux, et al., 2018). There
are several possible explanations for this, including that sensory play offers the
opportunity for children to explore the vegetables using all senses (e.g. Sapere taste
education (Hoppu, et al., 2015)). Through this type of exploration children become
familiar with the appearance, smell, feel and taste of a particular vegetable which
extends to other vegetables through reduced fear of novelty. Another possible
explanation is through Aunitizationo, a feat
about a new object is facilitated by the fusion of pre-existing, and shared features of
that object (Goldstone, 1998). Thus, sensory play with one vegetable with particular
sensory features (rough exterior, cold to the touch, earthy smell) facilitates learning
about other vegetables. In the present study both vegetables are root vegetables
sharing some features but differing in colour, odour and flavour. Another explanation
for this might be a priming effect; i.e. exposing children to food cues in the
environment stimulates their desire to consume this or other related foods, similar to
food consumption observed in children after television advertisements (Harris, Bargh,
& Brownell, 2009).

Learning about vegetables by storybook plus sensory play may help to bridge some of
t he 0Kk n-beldvieudggaep 6. A c dhe systamatig research review (Chapter
2), a study by Witt & Dunn (2012) which included sensory play within a nutrition
education intervention had a greater effect size for vegetable consumption than nine

other educational interventions which did not include sensory play. Embedding
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sensory activities within educational programmes in nurseriesmay enhance chil c
willingness to try new vegetables and may present another step on the way to

familiarisation.

To date, taste-exposure interventions have been reported to be most successful for
increasing vegetable intake (Holley, Farrow, et al., 2017b; Nekitsing, Blundell-Birtill, et
al., 2018). However, children often refuse foods prior to tasting, as demonstrated in
this study by the high number of non-eaters. Repeated exposure is contingent on the
childdéds willingness to taste the food which
(Carruth, et al., 2004; Dovey, et al., 2008). Therefore, storybooks and sensory play
constitute first steps towards achieving repeated exposure. A study by Owen, et al.
(2018) used targeted picture books before tasting sessions and found this facilitated
tasting of disliked foods. Children assigned to the storybook and taste exposure
condition liked and ate more of the target vegetable than those just receiving taste
exposure. Also, storybooks were associated with smaller increases in neophobia and
food fussiness over the course of the study, suggesting that familiarisation through the
storybook provided additional benefits over taste exposure alone. Their study also
found some support that use of picture books along with taste exposure may reduce
food fussiness and food neophobia during an early onset of these behaviour traits.

In future, longitudinal research should investigate specific benefits of storybooks and
sensory play alongside repeated taste exposure on vegetable intake. In particular
liking and intake should be measured after a washout period to properly assess
intervention effectiveness and sustainability. The effects of taste exposure are limited
to the target foods (Hendrie, et al., 2016), however, combining vegetable storybooks
and sensory play with taste exposure may have a synergistic effect to increase
acceptance of other vegetables. It is anticipated that these techniques will work very
well-together. Caution will be needed to avoid overexposure to the same foods by

spacing visual/ taste exposures.

4.5.2 Strengths and Limitations

The strengths of this study include; randomisation, concealing condition allocations
between clusters, reduced selection bias at the individual level, ecological validity,
objective data collection and a good sample size to ensure sufficient power. However,
results should be considered in the context of some limitations. First, as many children
were eating a small amount at baseline and post intervention there was a problem of
skewness in data, therefore analyses were performed on change in intake to address

this problem. Secondly, the compressed time frame of the study may have limited
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effects on intake, since larger effects on intake are observed with ten exposures over
10 weeks (Chapter 3). Thirdly, the change in intake did not vary by condition in
general and this may be attributed to the fact that children in the incongruent
storybook only group were already eating more of the target vegetable than other
groups at the beginning. Hence, if the baseline intakes were similar across all groups
than difference between interventions may have been observed. Finally, there was no
control group since all children received a storybook. This means that the independent
effect of the sensory activity on intake cannot be determined. A cluster design was
implemented, and this was considered in the analysis, however nursery staff varied in
the extent to which they engaged the children and in their enthusiasm for the
storybook and sensory tasks. Therefore, in future a greater number of clusters should
be recruited to account for this inconsistency. More emphasis could be placed on how
the storybook and sensory tasks should be delivered using a video demonstration to
minimise variability in delivery. Also, future intervention studies could collect
systematic, evaluative feedback from nursery staff as this would give a more complete
perspective on the experience of delivering the intervention. Overall, more research is
needed to understand use of sensory play in the nursery and at home especially with
food-fussy children and how effects of sensory play can be enhanced when combined

with other successful strategies such as repeated taste exposure and reward.

4.5.3 Conclusion and implications

In conclusion, a congruent storybook, or sensory play method combined with either
type of storybook, increased the likelihood of the children eating an unfamiliar
vegetable. The congruent storybook combined with congruent sensory play increased
the likelihood of the children eating and recognising celeriac. Among non-eaters,
sensory play with vegetables (alongside a storybook) increased the likelihood of the
children eating some of the celeriac, regardless of the congruency of the vegetable
used, indicating sensory play with any
to eat a different unfamiliar vegetable. These findings could be incorporated into
nutrition education programmes to increase vegetable intake and recognition of

unfamiliar vegetables in preschool children.

veget
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Chapter 5
Al still put them on her plate ev
going to eat themo: A qualitative

iImplemented by parents to promote vegetable intake

Across the previous chapters, a range of effective vegetable promoting strategies

for preschool children have emerged. However, much of this evidence is based on

interventions and studies which are, by their nature, systematic and controlled but

lacking in ecological validity. To understand the ways in which parents encourage

vegetable intake at home a more qualitative approach is necessary. It is unclear

whether parents apply the same strategies used in systematic trials or if they use

different strategies for children who are fussy. Hence, Chapter 5 focuses on

parentsd®é perspectives on strategies to prom
children (2-5 years).

5.1 Steps taken

1. Designed and conducted in-depth interviews with 20 parents of preschool
children aged 2-5 years

Involved parents of high (n = 10) and low (n = 10) food fussy children
Audio recordings were listened to multiple times

Recorded interviews were transcribed in writing

Thematic analysis was conducted to synthesis results

2 T o

Findings are reported according to the Standards for Reporting Qualitative
Research; SRQR
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5.2 Introduction

Eating habits and food preferences developed in the early years of life are said to
determine food choices in later life (De Cosmi, et al., 2017; Nicklaus, Boggio,
Chabanet, & Issanchou, 2005). Therefore, children are encouraged to make healthy
eating choices from early childhood (Birch, et al., 2007; Hetherington, Cecil,
Jackson, & Schwartz, 2011; Schwartz, Scholtens, Lalanne, Weenen, & Nicklaus,
2011). As mentioned in Chapter 1, most vegetables are rich in micronutrients,
dietary fibre, and phytochemicals and low in sugar, sodium, fat and energy density.
Eating adequate amounts of these foods in balance with foods from other core food
groups (e.g. carbohydrate, protein and fats) can significantly reduce the risk of
cardiovascular disease, colorectal cancer, stomach cancer, stroke, diabetes,
obesity and mortality. (Aune, et al., 2017; Boeing, et al., 2012; Hartley, et al., 2013;
Lee, et al., 2017; Wang, et al., 2014). Across Europe and the US intakes fall below
the recommended amounts for vegetables (Kim, et al., 2014; Lynch, et al., 2014).
Vegetables may be eaten less than other foods due to their bitter taste and
unfamiliar texture (Johnson, 2016; Zeinstra, Koelen, Kok, & de Graaf, 2007), as well
as the emergence of food fussiness/ pickiness and food neophobia during the early
years (Cooke, et al., 2007; Dovey, et al., 2008; Lafraire, et al., 2016). Moreover,
during the preschool years children develop a sense of autonomy over their feeding
and food choices and as a result parents may have to adapt their feeding approach
to match t hei(Waltanheial., @083. needs

Parents are the gatekeepers to child nutrition and so it is essential to understand
parentsdé perspectives on their childds diet
encourage healthy eating. Parents determine the home food environment by

making some foods available and accessible in homes (Krolner, et al., 2011,

Rasmussen, et al., 2006). However, providing healthy foods does not mean that

they will be eaten (Holley, Farrow, et al., 2017a). Therefore, inviting parents to

discuss their experience of feeding their child, and how they establish food
preferences in the home is necessary sto dev
eating habits are formed. For example, parents may report ways they limit certain

foods and encourage others to achieve a balanced diet. A large study (n = 5926) by

Inhulsen et al (2017) with children aged 3 to 7 years reported that more

encouraging and controlling parental feeding styles were associated with higher

consumption of vegetables. However, the study found that the use of instrumental

feeding (using food to reward good behaviour) was inversely associated with

vegetable intake (Inhulsen, et al., 2017). Children also learn by observing eating
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behaviours of parents or peers, hence, positive modelling can significantly help
young children to increase their vegetable consumption (Birch, 1980; Draxten, et
al., 2014).

A number of successful interventions have been designed and trialled to improve
preschool er sé v e g@pplatbnl etal.,20l6; sladdep et Bl.02018;
Nekitsing, Blundell-Birtill, et al., 2018). But these may lack ecological validity and it
is not known if they are practical for the real-world setting, particularly for fussy
children. Indeed, parenting practices are not static but are dynamic, influenced by
the context, the child's behaviour and characteristics. For example, parents may
apply differing levels of pressure to eat depending on the fussiness of their child
(Jansen, de Barse, et al., 2017; Webber, Cooke, Hill, & Wardle, 2010). It may be
that children with fussy eating respond better to some strategies than others. For
example, as seen in Chapter 4, children who did not eat an unfamiliar vegetable
(celeriac) at baseline were more likely to eat that unfamiliar vegetable after
experiencing the combination of sensory play and storybook together compared to
the storybook only approach. It follows that parents may adjust their feeding
strategies in response to specific circumstances including child eating traits. The
present study was conducted to explore these strategies in parents whose children
varied in levels of food fussiness. The present study is hovel because there are few
gualitative studies investigating strategies to increase vegetable intake in preschool
children and none investigating strategies by level of child food fussiness. This is
important because narratives from parents will help to improve knowledge and
understanding of the key similarities and differences in vegetable feeding strategies
impl emented in homes by childdés I evel of foo
which are rigorously tested by scientific methods. Also, parents in the previous
research by Holley, et al., (2017) did not talk about certain interventions in detail
such as nutrition education and taste exposure. In the present study, questions
were specifically designed to get further insight from parents about the two most
commonly used vegetable promoting interventions implemented in scientific

research.

5.2.1 Aims

The aim of the present study was to listen to and record parental strategies to
encourage their children to eat vegetables, especially when children exhibit fussy
eating. Specific objectives included investigating ways parents provided vegetables,

including unfamiliar or disliked vegetables, how they dealt with food rejection and
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their response to fussiness. It was predicted that parents would use a variety of
strategies to encourage intake, that these might differ by fussiness level and that
there would be some overlap with strategies used in the research context. A
potentially important benefit of this qualitative approach is to identify challenges
faced by parents in encouraging vegetable consumption and how future

interventions might be improved to account for these.

5.3 Method

For the present study a mixed methods approach was adopted; the data collection
and analysis were mostly based on qualitative methods, but some quantitative data
from parental questionnaires were taken to identify child food fussiness. The
present chapter is reported according to the Standards for Reporting Qualitative
Research; SRQR (O'Brien, Harris, Beckman, Reed, & Cook, 2014), see Appendix
D1 for the SRQR checkilist.

5.3.1 Qualitative approach and research paradigm

The philosophical approach and research paradigm adopted for the present
research is illustrated in Figure 5.1 (adapted from Saunders, Lewis, & Thornhill,

2012) analysed using thematic analysis.

Constructivism

Interpretivism

Grounded Theory

Cross-sectional

analysis

Figure 5.1 Philosophical approach and research paradigm for present study.






















































































































































































































































































































































































































































