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Background

Consumption of vegetables has a protective effeatlults against obesity, type 2 diabetes,
cardiovascular disease and some types of canceae(Caray, Troughton, Khunti, & Davies,
2010; Marmot, Atinmo, Byers, Chen, Hirohata, Jackskames, Kolonel, Kumanyika, &
Leitzmann, 2007; Riboli & Norat, 2003; WHO, 2008).a critical review of the literature on
the role of vegetable and fruit intake in prevegtahronic disease in adults, Boegl.

(2012) found convincing evidence that increasingetable and fruit intakes reduced the risk
of hypertension, coronary heart disease, and s{i®&eing, Bechthold, Bub, Ellinger, Haller,
Kroke, Leschik-Bonnet, Muller, Oberritter, & Scha|2012). A systematic review and meta-
analysis of the effect of increased vegetable amtldonsumption on body weight and energy
intake (Mytton, Nnoaham, Eyles, Scarborough, & Mimur, 2014), concluded that the mean
increase in body weight was less in consumers thitfh vegetable and fruit” intakes than
those with “low vegetable and fruit” intakes, ahdttpromoting increased fruit and vegetable
consumption may have a role in weight maintenamdess. Since overweight is the most
important risk factor for type 2 diabetes, an imsed consumption of vegetables and fruit
might also indirectly reduce the risk of type 2htes.

The relationship between vegetable mtakchildren and a reduced risk of chronic
diseases later in life is less clear. Some studaisate that markers of chronic diseases are
already present in childhood. For example, levélda@od pressure and serum lipid and
lipoproteins are intermediate markers of diseasketthek from childhood into adulthood (Li,
Chen, Srinivasan, & Berenson, 2005; Lynch & Sn05; Webber, Srinivasan, Wattigney,
& Berenson, 1991 However, whether a healthy diet in childhood infloes these markers of
chronic disease is not known. If a healthy dietrtychildhood protects against overweight
then this may reduce the risk of diabetes (Brisdégmer, & McCargar, 2012) and coronary
heart disease (Baker, Olsen, & Sgrensen, 200 gutheod.

Early flavour experience may have an enduringiarice on flavour preferences and
food habits including vegetable intake. Severallistsihave shown that early learned food
habits track into later eating patterns includiegeetable consumption (Nicklaus & Remy,
2013). Thus, a healthy diet with a sufficient amtonfrivegetables in childhood may be helpful
to prevent chronic diseases in adulthood in vaneags, either directly through healthy
eating patterns or as a function of the effect atybmeight.
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Despite the known health benefits, most childremoiomeet recommendations
concerning vegetable and fruit intake (Ocke, VasdRm, Fransen, Buurma, De Boer,
Brants, & al., 2008; Van Rossum, Buurma-Rethansinéeann, Beukers, Brants, De Boer,

& Ocké, 2016). In the Netherlands, for example,gbhecentage of children aged between 4 to
6 years old that consume at least the recommendedra of vegetables is less than 1%;
while 25% consume the recommended amount of falnildren aged 2 to 3 years do slightly
better, but still only 17 to 21% of them reach teeommended level of vegetable intake
(Ocke, et al., 2008). Vegetable consumption is kEaoin other European countries and in the
USA (Huybrechts, Matthys, Vereecken, Maes, Temnas @yen, De Backer, & De

Henauw, 2008; Leclercq, Arcella, Piccinelli, Se&d.e Donne, 2009; Lorson, Melgar-
Quinonez, & Taylor, 2009; Yngve, Wolf, Poortvli&madfa, Brug, Ehrenblad, Franchini,
Haraldsdottir, Krglner, & Maes, 2005). All thesadies show that young children’s
vegetable intake is much lower than their fruiaks. In addition, the study of Barends et al
(2013 and 2014), showed that from the start of dempntary feeding, infants show greater
acceptance of fruit than vegetables. At 12 and @8ths of age daily fruit intake was double
that of daily vegetable intake. This underlinesdheater importance of finding strategies to
promote vegetable intake, and therefore this revamusses on vegetables only.

The age range selected for this review was fronoaths until three years in order to
include the complementary feeding period. The fysars of life are important for the
development of healthy eating habits (Cashdan, 1 @&4this is a period in which new foods
are relatively easily accepted and first food pexiees are formed. A recent review on
sensitive periods for early food learning (HarrisMason, 2017) concluded that the period
between 4 - 6 months of life is a sensitive petiodthe introduction of taste, the period
between 6 — 12 months for the introduction of textand the period before 20 months (i.e.
before neophobia begins) for the introduction ddrge variety of tastes, textures and foods.
Food neophobia usually starts at around 20 mop#eks at about 5 years and then declines
(Pliner & Salvy, 2006; Rozin, 1976). Introducindgaage variety of tastes, textures and foods
before the onset of neophobia may encourage graateptance in early life (Hendrie, Lease,
Bowen, Baird, & Cox, 2017).

The question of when to introduce vegetableslaed to the question when to start
with complementary foods, which for most internatiborganizations is at 6 months or
between 4 and 6 months. The World Health OrgamnisgiivHO) recommends that mothers

exclusively breastfeed until the age of six monémgl then introduce complementary feeding
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(Organization, 2003), with the proviso that somam$ may need complementary foods
earlier, but not before 4 months of age (Michael2000) The European Food and Safety
Authority (EFSA) panel suggests that it is safentooduce complementary foods including
gluten containing foods between 4 - 6 months (EF&AePon Dietetic Products & Allergies,
2009). The position paper by the European Soc@tPaediatric Gastroenterology
Hepatology and Nutritio(ESPGHAN) on nutrition (Fewtrell, Bronsky, Camp@®omellof,
Embleton, Mis, Hojsak, Hulst, Indrio, & Lapillonn2)17) recommends that complementary
foods (solids and liquids other than breast milknéent formula) should not be introduced
before 4 months but not be delayed beyond 6 moifitiesrecommendations of EFSA and
ESPGHAN are mainly based on benefits for the preoerof celiac disease and allergies, but
correspond with a sensitive period for the intracrcof vegetable flavours between 4-6
months (Harris & Mason, 2017).

Children are born with a preference for sweet anliké for bitter tastes; (Mennella,
2014; Schwartz, Issanchou, & Nicklaus, 2009) atadges tend to be less sweet and more
bitter than other foods, liking of most vegetalitas to be acquired through learning. In the
seminal paper by Birch and Anzman-Frasca (2011 )ppotunities for parents and
caregivers to increase the likelihood of healthygivestatus outcomes of children, three main
learning paradigms were identified: familiarizati@ssociative learning, and observational
learning. From the introduction of complementamdi@g, children also start to develop an
understanding of categories of foods via observatiwarning and categorization (Mura
Paroche, Caton, Vereijken, Weenen, & Houston-P#0&7). The literature on how children
learn about food from the start of complementaggfieg until the age of three years,
including the four mechanisms mentioned, has beeewed by Mura Paroche et al. (2017).
Many studies on vegetable liking in young childhetve tested one or more of these
strategies, and their relevance for parental prestio promoting infants' acceptance of
vegetables will be discussed in more detail in teigew.

A review focussing on methods to increase vedetiabake in children of 2-12 years
old showed that only 12 out of 22 studies were tbimbe effective short-term, and 6/10
long-term (>6 months) (Hendrie, et al., 2017). Tésew focused on behaviour change
strategies, not on parental practices, but is rekefeas our review as it shows that vegetable
intake interventions should take place at an esgl. Another review which focused on
methods for increasing vegetable consumption ildidm of 2-5 years old (Holley, Farrow, &
Haycraft, 2017) is closer in age range to ouraeviThe authors found that repeated

exposure is a highly effective method for increagingdren’s vegetable consumption and
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that this approach may benefit from being pairetthwiodelling by peers or parents, as well
as non-food rewards. A published report (Chamb@&@s6Pand consensus paper (Chambers,
Hetherington, Cooke, Coulthard, Fewtrell, Emmetiwidon, Blissett, Lanigan, & Baseley,
2016) both focused on recent evidence using a tabtgs first approach” to complementary
feeding. They concluded that repeated exposuredetables, offering a wide variety of
vegetables and introducing vegetables as firstda@haing complementary feeding can
increase vegetable acceptance in early life amatén childhood. They recommended that a
further systematic review is needed in this area,

This systematic review complements and extendgiegireviews on promoting
vegetable consumption and food learning in childiecomplements existing reviews of the
strategies used in children aged 2 years and @#demns, Christian, Cleghorn, Greenwood, &
Cade, 2012; Hendrie, et al., 2017; Holley, et &117), and then extends beyond previous
reviews by including the period from the start ofrplementary feeding until 36 months of
age. The overall aim of this review was to inteategevidence on how to introduce and
promote consumption of vegetables in early life. $pecific objective of the review was to

identify which feeding practices achieved the lmegtomes for vegetable acceptance.

Methods

Literature search

A literature search was carried out using the detab Scopus and PubMed. The final
database search took place on th® @8March 2018. The search was done in two steps. |
the preliminary search, the list of search termssiiing of vegetables and/or fruit, different
exposures to food, age of the children and arairisit of excluded terms was used. From the
first 2000 titles, the frequency of each term inabstracts was calculated. The most
frequently used terms relevant to the question weteened and irrelevant research topics
were then added to the exclusion list. For exanmpkewords: pesticides, metal, and
salmonella showed up frequently in the abstractslagdid not relate to the current
research question.

In the second step, the final search string withstbach terms and the complete exclusion list
was applied in Scopus and Pubmed (see supplemeatatiah online link). In the search in
Scopus we excluded papers that were classifieccbp® in subject areas not relevant to our

search (pharmacology, toxicology, pharmaceuticeuimology, microbiology, environmental
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science, dentistry, earth and planetary scienossipd astronomy, veterinary, chemical

engineering, mathematics). This second step resuitthe retrieval of 4669 citations.

Table 1 about here

Selection process

The selection process was done systematically baséte PRISMA statement (Liberati,
Altman, Tetzlaff, Mulrow, Ggtzsche, loannidis, ey Devereaux, Kleijnen, & Moher, 2009)
(Figurel). From this total of 4669 papers, we ideld and excluded papers according to the
criteria described in Table 1. Because most reaaiealth benefits is on fruit and
vegetables togethehe initial search string was focused on identifystudies of vegetables
and/or fruit. In the selection process following thigial search only papers on vegetable
acceptance were included.

Articles investigating typical healthy children @ther gender, starting complementary
feeding regardless of age, and feeding up to 3ammsarid were included. Studies including
children of an age outside this age range, for g@ni2 to 48 months, were only included if
separate results were given for the children uB@enonths, or if the mean age was under 36
months. Results of follow-up assessments wereded for ages older than 3 years if the
intervention had taken place before 36 months.il&ily, in retrospective studies, effects of
strategies applied before the age of 36 monthadhad describedArticles with a clinical or
disease focus and articles that were not writtdfniglish were excluded.

The inclusion and exclusion criteria were appliedhree different runs. In the first
run only the titles were manually screened and igapieat clearly did not comply with the
original search criteria were excluded (Figure IThe abstracts of the papers that were not
excluded during the first run were taken into ac¢onrm second run. In this run the abstracts
were scanned specifically for age of participamtd whether vegetable intake was actually
assessed. From the remaining articles the abstrgctehen the abstract was not informative
enough, the whole articles were reviewed more tighty according to the criteria in Table
1.

Inter-rater reliability for the inclusion processsvcalculated with Cohen’s Kappa
from a set of 50 randomly selected papers fron2theun that were assessed by two authors.
The Cohen’s Kappa reliability score of the codingesme was 0.92. The two authors



190 discussed any disagreement and came to a consamn$us interpretation of the inclusion and
191 exclusion rules. The remaining papers exassessed by one of the authors according to the
192 adapted inclusion and exclusion criteria.

193

194 Figure 1 about here

195

196 General characteristics of the studies

197 We reviewed 25 experimental and 21 observationaliss and made an inventory and

198 categorized all articles by different strategies prattices (see table 2). All data relating to
199 vegetable intake and other measures of vegetabéptance were extracted from the articles
200 and summarized in tables 3-6. Some of the inclutledies were not designed to specifically

201 assess vegetable intake, but vegetable intake &

asondary outcome.

202

203 Table 2 about here
204

205 Results

206

207 To facilitate logical reporting of the results, theticles were clustered according to method or
208 strategy to introduce and promote vegetables iritstethree years of life. Most of the papers
209 on interventions described intervention studieswaf to four week duration, with no follow
210 up. In the majority of intervention studies, vedpdaintake was weighed and the children’s
211 liking of a vegetable as rated by their mother wssessed, while in the observational studies
212 food frequency and food preference questionnairesewnostly used. Feeding strategies
213 included repeated consumption, repeated visual seskpo conditioning (flavour-flavour and
214 flavour-nutrient learning), exposure to variety,arihg complementary feeding with
215 vegetables, introducing vegetables using a stepaggoach and modelling. Moderators
216 included milk feeding, age of starting complementdeeding and baby led weaning.
217 Intervention studies are summarized in tables 35mibservational studies in tables 4 and 6.
218

219 Tables3-6

220

221 Repeated exposure

222 Repeated exposure was the subject of the largedterush papers (N=21). In this strategy the

223 infant is offered the same vegetable on more th@woaoasion and up to 10 or more times. It
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is hypothesized that by doing this, the infantsuregfamiliarity to the taste and therefore
increase the intake of the vegetable (Birch & DA&01,4; Mura Paroche, et al., 2017).

All intervention studies (Tables 3 & 5) on repeated exposure showed tiastiategy
increased vegetable intake during and directly dfte exposure period (Ahern, Caton,
Blundell, & Hetherington, 2014; Barends, de Vrieqj#t, & de Graaf, 2013; Barends, de
Vries, Mojet, & de Graaf, 2014; Birch, Gunder, GnmThomas, & Laing, 1998; Bouhlal,
Issanchou, Chabanet, & Nicklaus, 2014; Caton, Aheemy, Nicklaus, Blundell, &
Hetherington, 2012; Caton, Blundell, Ahern, NekitsiOlsen, Mgller, Hausner, Remy,
Nicklaus, Chabanet, Issanchou, & Hetherington, 2@Bulthard, Harris, & Fogel, 2014; De
Wild, De Graaf, & Jager, 2014; de Wild, de GraafJ&ger, 2017; De Wild, de Graaf, &
Jager, 2013; Forestell & Mennella, 2007; Gerrish &vella, 2001; Hausner, Olsen, &
Mgller, 2012; Maier-Noth, Schaal, Leathwood, & Isslaou, 2016; Maier, Chabanet, Schaal,
Issanchou, & Leathwood, 2007; Mennella, Nicklaagalino, & Yourshaw, 2008; Remy,
Issanchou, Chabanet, & Nicklaus, 2013; Sullivani&B, 1994; Zeinstra, Vrijhof, & Kremer,
2018). Most studies found increases between 25 @muladns (Barends, et al., 2013; Birch, et
al., 1998; Forestell & Mennella, 2007; Gerrish & ibella, 2001; Sullivan & Birch, 1994).
Four studies on repeated exposure to vegetablasthadt start of complementary feeding with
older infants (between 7 months and three yeaag@ef found an even greater increase in
intake (Bouhlal, et al., 2014; Caton, et al., 20@aton, et al., 2014; de Wild, et al., 2017; De
Wild, et al., 2013; Hausner, et al., 2012; Mai¢rale 2007), while one study about repeated
exposure and preparation method in children of B5abnths found an increase of only 16
grams or less (Zeinstra, et al., 2018). Intergbtirthere was an inverse correlation between
age and intake in these studies, suggesting thaated exposure is more effective in younger
babies (Caton, et al., 2014). This was also obsiarvéhe study by Ahern, et al. (2014), who
found that infants > 24 months of age showed alsmalagnitude in the increase of
vegetable intake after repeated exposure than gmfsttveen 15 and 24 months of age. This
suggests that the effect of repeated exposureaseseto a certain age (about 24 months) and
then may level off or even decrease; it also inég#he importance of early introduction of
vegetables.

Repeated exposure to vegetables in infants codsi$texposures to the same
vegetable for 8 to 10 consecutive days. Some itidicaf how many exposures are needed
can be obtained from three studies: Caton, eR@ll4) showed that a significant increase of
an initially disliked vegetable can already be oted by the third exposure; Hausner, et al.

(2012) found that by thé"sexposure intake had significantly increased, amieM et al.
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(2007) found that by thé"8exposure 71% of the participating infants ate astnof the

initially disliked vegetable as of the initiallykked vegetable . Interestingly, they also found
that in some children ten repeated exposures wersufficient to achieve the same
acceptance as the control vegetable. This sughestisndividual differences according to the
child and differences in acceptance trajectory éyetable.

In the studies on repeated exposure the mostestyeigetables were green beans,
carrots, peas and artichoke. In the studies th&tptaxe after solid food introduction, other
vegetables were tested: spinach and endive sauip tand salsify. In most studies intake of
carrots increased less than intake of other vegesairldid not increase at all. A likely
explanation is that carrots are generally welldileed intake of carrots was already relatively
high before the intervention began. This is prop&iplained by the relative sweet taste of
carrots compared to the more bitter taste of mas#trgvegetables and children’s inborn

preferences for sweet taste and aversion to bétsee (Steiner, 1977).

Further evidence for the effect of repeated exmoen vegetable acceptance comes
from six observational studies that investigated the frequency of consumptidingj and
intake of vegetables via questionnaires (Ahernp@aBouhlal, Hausner, Olsen, Nicklaus,
Mgller, & Hetherington, 2013; Coulthard, Harris, EBnmett, 2010; Gregory, Paxton, &
Brozovic, 2011; Grimm, Kim, Yaroch, & Scanlon, 20Hbward, Mallan, Byrne, Magarey,
& Daniels, 2012; Kong, Gillman, Rifas-Shiman, & W&016). Five studies found a positive
association between frequency of vegetable intake laefore the age of one year and later
(age 2-7 years) vegetable intake or liking (Ahetral., 2014; Ahern, et al., 2013; Coulthard,
et al., 2010; Gregory, et al., 2011; Grimm, et2014; Kong, et al., 2016). Coulthard, et al.
(2010) reported a correlation between the frequefcpnsumption of home cooked
vegetables during complementary feeding, and #guigncy of vegetable intake at the age of
7 years, but no such effect was found for manufadiyre-cooked vegetables offered during
complementary feeding. The study of Gregory, et2411) followed children for 2 years, and
found that frequency of vegetable consumptionysdr predicted vegetable intake at age 2
years. Grimm, et al. (2014) found an associatidwéen infrequent vegetable intake (less
than once a day) during late infancy (mean age m@ths) and infrequency of vegetable
intake at age of 6 years. In the study of Ahermal et2013) a significant positive relationship
between a child’s liking for a vegetable and tlegtrency with which it had been offered to
them was found in the Danish and UK samples, buimiihe French sample. The study of

Kong, et al. (2016) investigated the relationshepaeen liking, intake and maternal intake of

9
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vegetables at 2 years of age and vegetable intaked childhood (mean age 7.7 years). They
found that early vegetable consumption frequensggssed by food frequency questionnaire)
had the most significant influence on later vegletabnsumption.

An observational study by Howard, et al. (201®)eistigated the relationship between
the number of repeated exposures to a new foodiking bf fruits and vegetables in 23
month old children, but no significant associatvees found. However, the authors suggest
that this result may reflect the question askedherstwere asked how often they lofiered
a new food before deciding whether their child dikke food, rather than how often the child
hadtasted the food. Moreover the question did not distingugtween categories of food
such as vegetables. Therefore, this paper mightanst measured actual frequency of
exposure to vegetables as it is not clear whichdaeere repeatedly offered to and tasted by
the children.

Visual exposure

Repeated exposure to vegetables can be achievieeding the same vegetable multiple days
in a row, but also every two to five days, withatlhregetables between these. In studies
testingvisual exposure (N=4) children became familiar with a vegetablengssisual
representation within a picture book, and in mesies did not taste the food during the
repeated exposures.

Fourexperimental studies assessed the effect of visual exposure on theptaume of
vegetables (Dazeley & Houston-Price, 2015; de Druag Nee, Govers, & Buijzen, 2017;
Heath, Houston-Price, & Kennedy, 2014; Houston&rigutler, & Shiba, 2009). The study
by Houston-Price, et al. (2009) showed that a bmoik about specific unfamiliar and familiar
vegetables increased the observed acceptancearhiliaf vegetables, but decreased
acceptance of familiar vegetables in children afetb 24 months.

The follow-up study of Heath, et al. (2014) exandifanitial familiarity and liking
for a food influenced the effect of picture bookpesgure. They found that significantly more
children tasted the initially liked vegetable firg¢hether the children had seen the vegetables
in a picture book did not affect their willingnesstry. However, tasting a target vegetable
required significantly less encouragement thanrtgshe control vegetable. Furthermore,
when children tasted the food, they consumed mbtteectarget than of the control vegetable,
but only when they had been initially unfamiliarthvthat vegetable. The study by de Droog,
et al. (2017) investigated whether the effect gfatable promoting picture books on toddlers'

10
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vegetable consumption differed according to thdirepstyle and the use of a hand puppet
during reading. Interactive reading increased tadge intake, the use of a hand puppet did
not. In a study by Dazeley and Houston-Price (2015ants were exposed to real vegetables,
via food-related activities that included seeinge#ling or touching the vegetables, but
tasting was discouraged. Children touched anddastee of the exposed unfamiliar

vegetables than of the non-exposed vegetables.

Conditioning: Flavour-flavour learning and flavour-nutrient learning

Experimental studies on conditioning flavour-flavour andflavour-nutrient learning) were
characterized by a comparison with repeated expadone. In flavour-flavour learning,
children are also offered a vegetable repeatediyiib a pleasant or at least familiar, usually
sweet, flavour added. The hypothesized effectasdur-flavour learning is that after repeated
exposure to a vegetable associated with a pleasdamiliar flavour, the infant associates the
taste of the vegetable with that pleasant tastecangequently will increase intake of the
plain version of the vegetable (Havermans & Jan2@@7). Flavour-nutrient learning is a
form of learning in which the vegetable is pairedroxed with a food or ingredient (such as
oil) that is energy dense rather than a distin¢fiamiliar and liked flavour. Flavour nutrient
learning is based on the expected associationsbkettihe sensory properties of the ingested
food or drink and positive consequences of nutriegestion, which lead to acquired liking
for the flavour (Havermans & Jansen, 2007). Paiari;vour with energy could also induce
flavour-nutrient satiety learning, which could pib$ginduce an adjustment of intake
(Yeomans, 2012). The explanation is that vegetahbkegbe disliked by children, since they
are generally low in energy density, and childemdtto prefer foods which are high in
energy and/or taste sweet (Gibson & Wardle, 20083.Would suggest that flavour-nutrient
learning could increase the intake of the vegetable

All studies that used vegetables to test flavéaweur learning (FFL) or flavour-
nutrient learning (FNL) found similar results: thiéects of FFL (Bouhlal, et al., 2014; Caton,
et al., 2012; De Wild, et al., 2014; Hausner, et2012; Remy, et al., 2013) and FNL(Ahern,
et al., 2014, Caton, et al., 2012; De Wild, et2013; Hausner, et al., 2012; Remy, et al.,
2013) were not more effective than repeated expasunfants, toddlers and pre-school
children (Ahern, et al., 2014, Caton, et al., 2008;Wild, et al., 2014; De Wild, et al., 2013;
Hausner, et al., 2012; Remy, et al., 2013). Typge®getables that were used in the
conditioning phase included: celeriac, swede amdgyuree (Ahern, et al., 2014), turnip and
beet-root crisps (De Wild, et al., 2013), salsBp(hlal, et al., 2014) endive and spinach soup

11
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(De Wild, et al., 2014) and artichoke (Caton, et2012; Hausner, et al., 2012; Remy, et al.,
2013). In several studies (Ahern, et al., 2014;Baly et al., 2014; Caton, et al., 2012) the
effect of FFL on the acceptance of the target \&@getwas even less than with repeated
exposure. However in the study by Hausner, eRatlL%) children assigned to the FFL
condition (added flavour was sugar), consumed Bagmtly more of the sweet puree than the
plain puree in the conditioning phase. This strategy therefore have value for foods that
are initially rejected, for fussier eaters or féaer pre-school children (Remy, et al., 2013),
but this has not been tested. In the study by enBuhlal, et al. (2014) salt and nutmeg were
used in the FFL condition, and in this case intalkihe three groups (repeated exposure, FFL
with added salt and FFL with added nutmeg) duriregdonditioning phase was not different,
indicating that mere exposure can promote.

Three studies compared the FFL and FNL strategigsrapeated exposure using the
same products in three countries (Caton, et al.22Bausner, et al., 2012; Remy, et al.,
2013). This made it possible to combine the datalathildren from the three countries (N =
332; age 4-38 months) (Caton, et al., 2014). Fmtindt patterns of eating behaviour during
the exposure period emerged: most children (40%¢ Wtlearners” who increased intake
over time; 21% consumed more than 75% of what fasenl each time and were labelled
“plate-clearers”; 16% were considered “non-eateeating less than 10g by the 5th
exposure and the remainder were classified asefeth(23%) since their pattern was highly
variable. Age was a significant predictor of eati@paviour, with older pre-school children
more likely to be non-eaters. Plate-clearers hgtdrienjoyment of food and lower satiety
responsiveness than non-eaters. Non-eaters sagtegshon food fussiness. Children in the
FNL condition showed the smallest increase in iataker time, compared to those in the
repeated exposure or FFL condition. This suggéestsadding oil to provide additional

energy may have suppressed intake as a functioonolfittoned satiety.

Variety

Exposure to a variety of vegetables included maimyapplication of daily variety in giving
infants vegetables, but one study focused on yawéhin a meal Some studies on repeated
exposure and exposure to a variety of vegetabsesiavestigated the effect gttrting
complementary feeding with vegetables only (Barends, et al., 2013; Barends, et al., 2014;
Fildes, Lopes, Moreira, Moschonis, Oliveira, Maveomi, Manios, Beeken, Wardle, &
Cooke, 2015). In experimental research on exposuaedriety of vegetables, variety was

always combined with at least three repeated expsga the same vegetable.
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Study paradigms exploring the effects of variesimty focused on the acceptance of
new foods but some also assessed the acceptanegeatfbles that were part of the repeated
exposure to variety. This second category is aiapease of repeated exposure and the
outcomes of these studies are therefore summauizger "Repeated exposure”. Here the
effects of variety on the acceptance of a new \adgetare considered. Two paradigms are
used for this: 1. the acceptance of a new foodeigasured before and after the variety
intervention and the increase in acceptance ipdinemeter to be assessed; 2. the acceptance
of the new food is only measured after the exposueevariety of vegetables, and the
significance of the effect is determined by compguthe absolute quantity consumed by the
variety group with a control group.

Fiveintervention studies on exposure to a variety of different vegetablesew
effective in increasing vegetable intake of a negetable (Barends, et al., 2013; Coulthard,
et al., 2014, Gerrish & Mennella, 2001; Maier, Céuadx, Schaal, Leathwood, & Issanchou,
2008; Mennella, et al., 2008). This effect was dgeendent, as one study showed that
exposure to variety only influenced intake of a negetable in infants given solids at six
months of age and not in infants given solids eathan six months (Coulthard, et al., 2014).

Two studies showed that the effect of vegetabietyais also dependent on the
degree of variety (Maier, et al., 2008; Mennelteale 2008) The study of Maier, et al. (2008)
showed that daily variety is more effective thanyugg every three days in a nine day
intervention. In a follow-up study at the age ofdéars, children who had experienced high
vegetable variety at the start of complementargifeggate more of the new vegetables
offered and liked them more (Maier-Noth, et al., @01A more detailed study of the effect of
variety was done by Mennella, et al. (2008), whmpared high variety (daily + within meal
variety), medium variety (two vegetables given tiaraating days) and no variety (repeated
exposure) in infants. All three strategies increabe intake of green beans, but the increase
in green bean intake was higher in the high vagetyip than in the other two groups.

The effect of exposure to vegetables on fruit ataoege and vice versa, was studied in
several studies. Mennella, et al. (2008) foundffeceof exposure to a variety of fruits on
intake of green vegetables. A similar result wasfbin the study of Barends, et al. (2013) in
which exposure to vegetables did not influenceahituit intake, and exposure to fruits did
not affect vegetable intake.

Observational studies show mixed results about the effects of exposuratiety on
vegetable acceptance, as two longitudinal studi@sde, Visalli, Jacob, Chabanet, Schlich, &

Nicklaus, 2013; Mallan, Fildes, Magarey, & Dani€l§,16) showed a positive association and
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one cross-sectional study (Ahern, et al., 2013gative association with vegetable
acceptance. One of the longitudinal observationissushowed that new vegetable
acceptance at the age of 15 months was significaattelated with the number of different
types of foods offered during complementary feedlrange, et al., 2013). This included all
types of foods, thus when a high variety of foodd heen offered, particularly a large
number of different types of vegetables, vegetabteeptance was higher. Acceptance of each
food was measured one week per month by the magthésme from the beginning of
complementary feeding until the child was one yaad was scored on a 4-point Likert scale.
Intake was not measured. The other longitudinalystaund that the number of vegetables
tried at the age of 14 months was associated whigleer preference of vegetables at the age
of 3.7 years (Mallan, et al., 2016). The data weléected via questionnaires. The cross-
sectional study of Ahern, et al. (2013) found urextpd contradicting results, namely an
inverse correlation between liking and number @fetables introduced for children between
6 to 12 month. The authors commented that childfeared a wider variety of vegetables
may have been offered a higher proportion of dislikegetables lowering the average liking,

which would explain the inverse association betwesarety exposure and liking.

Sarting complementary feeding with vegetables

Theintervention study of Barends, et al. (2013) addressed the questiamether vegetables
should be introduced before fruit, wce versa. To let children get familiar with spoon
feeding they were first given rice porridge for fidays. The actual intervention consisted of
giving children either a daily variety of pure végjade purees (group 1) or a daily variety of
pure fruit purees (group 2). On the first day @& thtervention, fruit intake was about twice as
high as vegetable intake. Infants who started cemphtary feeding with vegetable purees
almost doubled their intake of the vegetable pbeteveen day 1 and 18. Infants that started
with fruit purees also increased fruit puree intdka their vegetable intake did not increase.
This study showed that initial acceptance is comalulg lower for vegetables than for fruits,
and that starting complementary feeding with vegletais feasible and considerably
increased infants’ vegetable intake. In a follovatudy at age 12 months, daily vegetable
intake in infants who had been introduced exclugit@vegetables for the first 2 weeks of
complementary feeding was still 38% higher thathmse who had been introduced to fruit

first (Barends, et al., 2014). These differencesew® longer apparent at 23 months. This
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study complements earlier results from Mennellal.ef2008) who found that repeated
exposure to fruits (pear or variety of fruits netluding pear) increased pear intake but not
vegetable intake, and that repeated exposure émdpeans or a variety of vegetables
increased acceptance of green beans.

Another intervention conducted in the UK, Portugiadl Greece studied the effects of
starting with a daily variety of vegetables verstendard practice in the country in which the
study took place (Fildes, et al., 2015). After itiervention period of 15 days, the intake of a
new vegetable by the UK children in the intervenggoup was almost twice as much as the
intake of the new vegetable in the control group.sNch effect was observed in Portugal and
Greece, possibly because early introduction of tadges is already common in these
countries, especially in Portugal, where it is raotended to start complementary feeding
with vegetable-based purees and/or soups. ThedesiiBarends, et al., 2013; Barends, et
al., 2014; Fildes, et al., 2015; Mennella, et2008)suggest there is an advantage of
introducing vegetables early during complementagding for the later acceptance of
vegetables, which is in agreement with two earkerew papers on this topic (Chambers,
2016; Chambers, et al., 2016).

Introducing vegetabl es step-by-step

A variant of starting complementary feeding witlggtables was studied by Hetherington,
Schwartz, Madrelle, Croden, Nekitsing, Vereijkemnd &/eenen (2015): in a two-arm RCT at
the onset of complementary feeding, children in ana were first given milk mixed with
vegetable puree, then rice porridge mixed with tedgle puree and finally pure vegetable
puree (stepwise introduction group) by day 25.ri awo, children transitioned directly from
milk feeding to baby rice which had not been flanembwith vegetable purees (control group)
and then finally pure vegetable puree on day 25eMdiven vegetable purees for the first
time, the stepwise introduction group showed highietke, pace of eating and liking of
vegetables. At subsequent follow ups when infamsevt2 months and 24 months old, group
differences were no longer significant, in part duécreased general exposure to vegetables
across groups. The results suggest that a gragymbise introduction approach is feasible at
the time of complementary feeding and that this robga acceptance of vegetables, at least in
the short term.

Milk feeding method as a determinant of vegetable intake
15
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Studies on thenfluence of milk feeding method compared breastfeeding with formula feeding
on later vegetable intake. These studies are lasétk hypothesis that the greater variety of
flavours in breast milk influence taste preferenpesitively.

None of theexperimental studies had breastfeeding vs formula feeding as a primary
effect, but five studies assessed the effect aidifeeding as a cofactor. Three studies
assessed whether breastfeeding was associatetheitlutcome of a repeated vegetable
exposure intervention (Maier-Noth, et al., 2016;iéaet al., 2008; Sullivan & Birch, 1994)
and found a positive association and three fughaties assessed whether there was an
association of breastfeeding with vegetable acoeptaefore a vegetable intervention took
place (Caton, et al., 2014; Forestell & MennélB7; Remy, et al., 2013) and found no
association.

A possible explanation for the association of bifeagiing with the outcome of the
vegetable interventions is that children are mareifiar with taste variety via breast milk,
hence develop a liking for new flavours more quicllhe lack of an association of
breastfeeding with vegetable acceptance at thedttre intervention is unexpected. This
inconsistency may be attributed to differences @thmdology (e.g. in reporting breastfeeding
practices), or to the possibility that breastfegdimothers may not consume a vegetable rich
diet themselves and so infants are not exposedte wegetable flavours. It is clear, that
further research is needed to examine this impor&ationship.

Breastfeeding Duration

Sevenobservational studies investigated the association between the duratidexclusive)
breastfeeding and later vegetable intake. All ofrtieund significant positive associations
between breastfeeding duration (De Lauzon-Guilldames, Oliveira, Moschonis, Betoko,
Lopes, Moreira, Manios, Papadopoulos, & Emmett42@kubo, Miyake, Sasaki, Tanaka, &
Hirota, 2015; Soldateli, Vigo, & Giugliani, 2016,udn, Rigal, Monnery-Patris, Chabanet,
Forhan, Charles, de Lauzon-Guillain, Annesi-Maes&aonard, Botton, Dargent-Molina,
Ducimetiere, de Agostini, Foliguet, Fritel, Gern@ua, Hankard, Heude, Kaminski,
Larroque, Lelong, Lepeule, Magnin, Marchand, NaBedre, Slama, Saurel-Cubizolles,
Schweitzer, & Thiebaugeorges, 2016) exclusive lbfeading duration (Méller, De Hoog,
Van Eijsden, Gemke, & Vrijkotte, 2013; Perrine, B&Ma, Thompson, & Scanlon, 2014), or
breastfeeding or not (Grieger, Scott, & Cobiac,D0&and vegetable intake frequency at ages
between 16 months and 5 years or a healthy eadittigrp at 2.5 years that included
vegetables (Grieger, et al., 2011).
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Two observational studies that evaluated the aaBons of liking or acceptance of
vegetables with breastfeeding found mixed resiiésv vegetable (and fruit) acceptance at 4-
8 months was not associated with exclusive brezditig duration (Lange, et al., 2013),
liking of vegetables at 23 months was also not@ased with breastfeeding duration, but
liking of vegetables at 3.7 years was found tossmaiated with breastfeeding duration
(Mallan, et al., 2016). Two studies (Armstrong, albam, Squair, Brogan, & Merewood,
2014; Burnier, Dubois, & Girard, 2011) assessed@asons between breastfeeding and
giving vegetables to children, both with positigsaciations.

Two possible explanations for the effect of breseiing on vegetable consumption
and acceptance have been suggested: (1) the flabueast milk varies with the maternal
diet and hence exposes the child to flavour vanedind the flavour of specific vegetables,
this way preparing the child to new flavours / fead general and more specifically to the
flavours of specific vegetables (Mennella & Beaunpal991); (2) mothers who breast feed
longer may be more health conscious and therefdraral feed more vegetables. There is
some evidence for both of these explanations. Asrvention study by Mennella, Jagnow,
and Beauchamp (2001) found that giving carrots¢astfeeding mothers improved their
infants' acceptance of carrots which is in linehatthe first explanation. An indication for the
second explanation comes from an observationay stiidwing that exclusive breastfeeding
(Armstrong, et al., 2014) or breastfeeding (Burnaétral., 2011) for 3 months or longer was

associated with parents giving more vegetablekdw thild.

Age of introduction to complementary foods and vegetables

Studies that investigated the association betwgero&introduction to solid foods and
vegetable intake were all large scale longitudafskrvational studies. Seven studies
investigated the influence of the age of introduttio vegetables on later intake. Lange, et al.
(2013) found that the earlier vegetables were thtoed, the higher was the acceptance of
new vegetables as rated by the mother. The studg &fe Lauzon-Guillain, et al. (2014)
found only a weak positive correlation between dgatooduction to vegetables and later
vegetable intake. Five other studies did not findlationship between age of introduction to
vegetables and later vegetable intake (Burnieal.e011; Grimm, et al., 2014; Mdéller, et al.,
2013; Okubo, et al., 2015; Yuan, et al., 2016).

Another study found that when children were introetlito lumpy solid foods after the

age of 9 months compared to between 6-9 monthg atieea lower variety of vegetables at 7
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564 years of age and a smaller proportion of theseen consumed vegetables (Coulthard,
565 Harris, & Emmett, 2009).

566 Taken together, these results suggest that edryduction of vegetables may have a
567 small positive effect on acceptance of a new vddetdut that this effect is not strong

568 enough to be detectable at 4 years of age. Loegareffects were observed for the timely
569 introduction to lumpy foods in the first year orge¢able acceptance at 7 years.

570

571 Modeling

572 In studies where mothers set an example of eaBggtables themselves, it is assumed that
573 infants model this behaviour through observatidaeaining. Also, it is likely that these

574 mothers will offer vegetables to their infants mtran mothers who eat few vegetables.
575 Threeobservational studies investigated modelling or had results relevaniniadelling, all
576 of which showed positive associations of modeltingparental vegetable intake with

577 children's vegetable acceptance and/or intake sitidy by Gregory, et al. (2011) found that
578 maternal modelling of healthy eating in the presgewmictheir child at one year predicted

579 higher frequency of vegetable consumption at 2syeHre study by Edelson, Mokdad, and
580 Martin (2016) showed that prompting and especiadlsental modelling, can be effective in
581 increasing acceptance of a novel vegetable andalglgantake in general. The study of
582 Yuan, et al. (2016) showed that children’s fruilaregetable intake at 3 years of age was
583 positively associated with maternal fruit and vedé intake, long breastfeeding and later
584 introduction of various foods. Restriction did saynificantly predict child frequency of

585 consumption of fruits, vegetables or sweets oveeti

586

587 Baby-lead weaning

588 One study analysed the effect of baby-led weamngpmparison with spoon feeding

589 (Townsend & Pitchford, 2012). The results showeefhect of baby-led weaning on

590 vegetable intake. Exposure to vegetables was higtltbe spoon-fed group and associated
591 with liking for vegetables. The characteristicdtwé children in the baby-led weaning group
592  were significantly different from those in the spefed group. To control for this, the results
593 of the baby-led weaning group were compared witrateched sub-sample of the initial group.
594 This led to a relatively small sample size and ddwdve compromised power and

595 representativeness of the sample.

596

597
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Discussion

This review investigated different practices foggtable introduction during the first three
years of life on short or long-term vegetable ietak systematic search was used to find all
relevant papers on this subject. To make sureéhatant papers were not overlooked, we
applied a search string that resulted in a largelbeuraf papers and then narrowed it down by
manually scanning the titles and abstracts. Altihowg carefully selected the papers using
the inclusion and exclusion criteria, we cannog rmlt that we missed some papers in our
review (Savoie, Helmer, Green, & Kazanjian, 2008k inclusion process was first applied
to 50 papers by two authors and we found a higir4rater reliability for the inclusion
process, which showed that our manual inclusionagmgr was reliable and consistent with
the protocol.

Forty-seven papers were reviewed that addressegurstion how to best introduce
and promote vegetables during the first 3 yeatdefOne third of the papers involved
repeated exposure, which was most often studigteimterventions. About half of the
papers described intervention studies, the othérdyorted observational studies. We found
papers describing interventions with very differstraitegies: repeated consumption, repeated
exposure to variety, visual exposure, flavour-dlavand flavour-nutrient learning and
various ways of introducing vegetables early aadstepwise. We also found papers which
reported on results from large scale, observatisnalies using self-report on the frequency
of exposure, variety, age of introduction of sétdds, type of milk feeding, baby-led
weaning, modelling of healthy eating and prompti®idies were not necessarily designed to
improve or measure the increase of vegetable intakeetheless they all had vegetable
consumption, feeding or liking as one of the outeaneasures.

The most effective strategy to promote vegetablesomption appeared to be
repeated exposure to vegetables. Also exposurgddety of vegetables was effective at
increasing intake. Flavour-flavour and flavour-mert learning did not produce any
additional benefit over repeated exposure in eraging intake, although preschool children
showed an initial preference for sweetened vegetalniee or high energy soups but this did
not affect final outcomes.

The effectiveness of a repeated exposure paradigohfldren in the 0-3 year age
group has first been shown by Birch et al. (1998)p showed that repeated exposure to fruits
or vegetables increased acceptance of the targeta® well of similar foods, but not of

different foods. In our review we focused on intariions of vegetables only and found that
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632 all 18 intervention studies on repeated exposueegdarticular vegetable showed that this
633 strategy positively affected intake of this vegetaldeven of the repeated exposure

634 intervention studies had follow-ups that variedAmsn one week and six months. Most of
635 these studies found that the effect was stableaintegetable intake in the intervention group
636 increased more than in the control group. The teslilthis review for children 0-3 years are
637 in line with a recent meta-analysis in children gears, which concluded that interventions
638 implementing repeated taste exposure had betteegpp@dblects than those which did not

639 (Birch, et al., 1998).

640 The importance of repeated exposure was also sigaploy the findings of the

641 observational studies investigating frequency agfetable exposure. Five out of six studies
642 found a positive association between frequencyegetable intake at or before the age of one
643 year and later (age 2-7 years) vegetable intak&iog (Ahern, et al., 2014; Ahern, et al.,

644 2013; Coulthard, et al., 2010; Gregory, et al.,2@rimm, et al., 2014; Kong, et al., 2016).
645 A particularly interesting variant of the repeaggbosure paradigm is when repeated

646 exposure is combined with daily variety. This conation was shown to result not only in
647 improved acceptance of the target vegetable(sp(Cat al., 2012; Gerrish & Mennella,

648 2001), but also in improved acceptance of a nevetadde (Gerrish & Mennella, 2001; Maier,
649 etal., 2008; Mennella, et al., 2008). When lookanghe impact of variety, a higher variation
650 in vegetables was found to be more effective imqoiting acceptance than lower variety

651 (Maier-Noth, et al., 2016; Maier, et al., 2008ariety of fruits did increase the intake of a
652 new fruit, but did not increase the intake of a negetable (Barends, et al., 2013). This
653 suggests that especially for improving vegetablekatt is important that an infant is given a
654 variety of vegetables, and that vegetables shaeiigtpeatedly offered. All studies on

655 repeated exposure have used single vegetables stintidus that is repeated and for which
656 acceptance is tested. Based on the current evidbacecommendation therefore should be
657 that single vegetables are used when familiarizhitgiren to vegetables. It would be

658 interesting to study whether repeated exposurenoxture of vegetables leads to the

659 expected increase of the acceptance of that speaifiture and to what extent acceptance
660 may generalize to other vegetables.

661 Flavour-flavour and flavour-nutrient learning inased intake of the plain vegetable in
662 all studies, but not more than a repeated expgmnaigm, in some studies even less (De
663 Wild, et al., 2014; Forestell & Mennella, 2007; Rerat al., 2013). Flavour-flavour learning
664 may have some value for foods that are initialjgeted, for fussier eaters or for older pre-

665 school children (Remy, et al., 2013), but this hasbeen tested specifically in fussy eaters.
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Repeated experience of vegetables was effectiveeVer two studies on visual
exposure indicated that just showing children peswf vegetables in a picture book could
increase their willingness to try unfamiliar veddés (Heath, et al., 2014; Houston-Price, et
al., 2009). These results are different from tiseits of an earlier study on visual exposure to
fruits in children of 2-5 years old by Birch et €1987), from which it was concluded that
visual exposure increases visual acceptance buwaoeptance when tasting (Birch, McPhee,
Shoba, Pirok, & Steinberg, 1987). The reason ferdifferences between the studies on
visual exposure to vegetables versus the studysaraexposure to fruits is not immediately
apparent, but may be due to the target food (vetgsars fruits), familiarity (visual exposure
was effective in increasing an unfamiliar vegetdhlénot a disliked or liked vegetable,
whereas in the fruit study no such distinction wesle) and/or different age group (20-27
months in the vegetable studies, 23-69 monthsdrirthit study).

One study found that interactive reading increasgpbtable acceptance and one
study showed that letting children participateaaling, listening, feeling and smelling
activities increased their willingness to taste wialiruits and vegetables. The results of the
latter study are complementary to a study in pfestchildren showing that sensory play
with fruits and vegetables increased the numbéuds and vegetables that were tasted by
the participating children after the interventi@o(lthard & Sealy, 201 4nd with a recent
study on texture that showed that tactile playiogomrove acceptance of foods in 3-10y
children (Nederkoorn, Th@gen, Tummers, & Roefs, 2018). These may be integsti
interventions for further investigation.

Another way of exposing children to the flavounefjetables is during pregnancy and
breastfeeding. There is evidence that the mottmtstan influence their infants' taste
preferences through exposure via their amniotidftiuring pregnancy and via breast milk
during breastfeeding (Mennella, Daniels, & Reigy17; Mennella, et al., 2001; Ventura,
2017). Also the higher variation of taste in maaé¢milk compared to formula-milk is
believed to increase acceptance of novel foods (ks & Beauchamp, 1991). This was
supported by a recent randomized clinical tridbefating mothers and infants that showed
that a relatively brief experience (1 month) witrrot flavours in mothers’ milk resulted in a
faster rate of eating a carrot-flavoured cerealr{iMla, et al., 2017). Timing was found to
affect the results as exposure 0.5 months aftdr bad a stronger effect than exposure later,
and one month exposure had a stronger effect tmaor3h exposure or no exposure
(Mennella, et al., 2017). All of the observatioraldies reviewed here are supportive of a

relationship between breastfeeding and vegetalskept@ance. In a recent paper (de Wild,
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Jager, Olsen, Costarelli, Boer, & Zeinstra, 20X8) summary (Issanchou, 2017) of the
HabEat project which included analyses of coharthiee European countries, it was
concluded that never or short duration of breadtfegbut not timing of complementary
feeding were associated with a lower vegetablé&entia early childhood. The authors
commented that the quite similar results obtaimedfe cohorts in three countries suggest
that the benefits of breastfeeding on the developmihealthy eating habits would not be
country-specific. Overall, breastfeeding may proenagher vegetable intake, in part, through
more varied flavor exposure than other modes df feiéding. In this context the suggestion
from Forestell and Mennella (2007) that breastfegdnay confer an advantage of the initial
acceptance of a food only if mothers eat that fieemplilarly is relevant. More research is
needed to understand better the precise mechaunisteslying this important relationship.

Baby-led weaning has recently been proposed akeanative to more traditional
weaning. Traditional weaning is based on gradugd-stise introduction of texture via spoon
feeding of purees and thereafter progressing tegtum baby led weaning solid foods are
introduced directly after milk feeding (TownsendPitichford, 2012). Studies on baby-led
weaning have not specifically focussed on improwiagetable acceptance, therefore were
not identified from our search, nevertheless atleae study had assessed the effect on
vegetable acceptance (Townsend & Pitchford, 200#).results showed no effect of baby-
led weaning on vegetable intake for a sample dbZlB months of age. Exposure to
vegetables was higher in the spoon-fed group aswtcaged with liking for vegetables.

A large number of studies investigatamv to introduce vegetables to infants. Few
studies investigatedhen vegetables should be introduced (Burnier, eRfll1; Coulthard, et
al., 2009), one focused on the introduction otalld/lumpy foods (Coulthard, et al., 2009),
and one focussed on starting complementary feeddithgvegetables versus fruits (Barends,
et al., 2013) and one observational study on the@ance of complementary foods had
timing of vegetable introduction as a parametetheracceptance of new vegetables (Lange,
et al., 2013). The results of these studies sughgestnportance of introducing vegetables
early. Furthermore, it seems to be more impor@fbcus on familiarizing infants with
vegetables than with fruit, since vegetable intaesin general lower than fruit intakes and
these differences were found to be present alrataithe start of complementary feeding
(Barends, et al., 2013; Mennella, et al., 2008)s Blnggests that acceptance is a more
important factor for the consumption of vegetalthes for fruits.

The age of introducing vegetables may interact Witheffect of exclusive

breastfeeding, because when mothers exclusivefsbfeed longer, this may delay the
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introduction of solid foods including vegetablesthappossible negative effects on vegetable
and texture acceptance. This is another topicishaorth investigating further. During the
first years of life in particular, parents haveubstantial influence on children’s eating habits.
It is therefore important to provide parents witformation and tools on how to best
introduce vegetables to their children to achievedgacceptance. However, simply providing
information may not be enough and it must be contbwigh approaches that motivate
parents to implement recommended strategies. Wlaamies to their own eating habits, most
adults know the importance of eating vegetablesgver, only 3 to 14% eat a sufficient
amount of vegetables (Van Rossum, Fransen, Velkimi&gsterman, Buurma-Rethans, &
Ocké, 2011). Nevertheless, most mothers are metivahen it comes to healthy nutrition for
their children (Caton, Ahern, & Hetherington, 201The review on strategies to increase
vegetable intake in home and community settingsléydrie, et al. (2017) could inspire more
nuanced recommendations.

This review complements an earlier review of methtodasprove vegetable
acceptance in 2-5 year old children (Holley, et2017) about the importance of repeated
exposure and the limited effectiveness of food atapts (FFL and FNL) . Methods that
succeed for 2-5 year old children have not yet tserwvn to work for children of 0-3 years
include the use of non-food rewards and peer mogdellhe recommendation to start
complementary feeding with vegetables is shareld twib position papers (Chambers, 2016;
Chambers, et al., 2016). The main conclusions foanreview are generally congruent with
the reviews on how children learn about foods (B&cAnzman-Frasca, 2011; Mura
Paroche, et al., 2017): familiarization (repeateplosure, visual exposure, breast feeding) is
particularly effective, as well as observationalrteng (modelling) whereas to date studies of
associative learning (FFL & FNL) show no additioadivantage over repeated exposure.
Parental practices that also contribute to earfjetable acceptance and that have not been
covered by earlier reviews include the effectstepwise introduction and the timely
introduction of texture.

A strength of the present review is its focus ogetables, parental practices
occurring, and the period from the start of commatary feeding till the age of three years,
hence findings are relevant for public health atities in this period to promote vegetable
acceptance. Many research papers on this topiclhesre published in the last five years
(25/46), therefore the present review is timelysidaring the growing attention given to the
role of vegetables in improving the diet of child@nd potential prevention of obesity. While

the main focus was on the complementary feedinggestudies relevant to the question up
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to 36 months and on the effects of milk feeding/egetable acceptance were also included.
A weakness of this review is that despite applyngyorous and systematic search strategy,
some relevant papers, may have been missed. Ansdakness of this review is the diversity
of methods and outcome parameters in the experaheapers and lack of randomised
controlled trials, especially for some topics éigeastfeeding, and the limited number of
longer term follow-up studies. This may limit theneralisability of the research findings.

In conclusion, based on the evidence of the papeiswed, introducing vegetables at
the beginning of complementary feeding by repeatgmbsure to a daily variety of different
vegetables is a successful strategy for improvegetable acceptance. Other practices that
may be used to improve vegetable acceptance inthaedase of visual exposure to unfamiliar
vegetables, stepwise introduction, modelling, bdréseding and the timely introduction of
texture. This information could be included in amivto parents during milk feeding and in
the complementary feeding advice given to parentsdalth care professionals as well as

included on child nutrition websites.
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Inclusion criteria

Exclusion criteria

Study population:

Healthy children from 0 to 3 years old, or a group
with a mean age < 3y

Children between 0 and 3 years old during at
least a part of the intervention in longitudinal
studies

Pre-schoolers, toddlers, infants, and baby’s
without further age specification

Outcome variables:

Vegetable intake, acceptance or liking
Short-term or long-term vegetable intake
Food refusal, picky eating etc.

Method or strategy:

Introducing vegetables to children

Feeding vegetables to children

Taking into account age for introduction of
vegetables

Taste learning strategies including repeated
exposure, variety, responsive feeding, visual
exposure, modelling in relation to vegetable
feeding

Breast- versus formula feeding

Type of papers

International peer reviewed

Observational or intervention studies

Clinical trials

Meta-analyses

Randomised controlled trials

Practice guidelines (for discussion)

Reviews and position papers based on proper
scientific literature (to check for additional
references)

Children treated in a clinical setting of having a
disease
Animal studies

Family food programs focused on vegetable
intake of the child

Including case studies with < 5 subjects
Position papers not clearly based on literature
Describing development of a questionnaire
Not complying with the original search criteria
In languages other than English

Conference abstracts

Table 1: Inclusion and exclusion criteria for thegprs found with the research



Table 2. General characteristics of the studidsidted in the review

Number of Number of
Intervention studies  observational studies
(N=25) (N=21)

Total number of studies per country of
origin
Australia -
Brazil -
Canada -
Denmark
France
France & Germany 2 -
France, Denmark & UK
France, Portugal & Greece
Germany
Japan
Netherlands 6
United Kingdom 7 4
United States of America 5
Number of participants (range)
20 -50 10 -
50-100 6 2
100-500 9 7
>500 - 12
Focus study or intervention strategy*
Repeated exposure 21 -
Frequency vegetable intake - 6
Repeated visual exposure 3
Sensory engagement 1 -
Variety 6
Flavour-flavour learning 8 -
Flavour nutrient learning 5 -
Food preparation method 1
Age of introduction to vegetables - 7
Vegetables first 3
Stepwise introduction 1 -
Effects of milk feeding method 4
Maternal modelling - 3
Prompting - 1
Baby-led weaning - 1
Encouragement at daycare - 1
Length of Follow up
No follow up 17 6
<1 year 5 3
1-2years 2 2
3 —4 years 0 3
5—10 years 1 7

N -
N PR DN

=1 =
I




Table 2. Continued

Number of Intervention
studies

Number of observational
studies

Vegetable intake/ liking assessment*
Food pre- and post-weighed
Infant liking assessed by caregiver

Infant liking assessed by experimenter

Willingness to taste

Other measures of acceptance
Facial expressions

Dietary range/ food frequency/intake
questionnaire

Food preferences questionnaire
24-h recall

Food diary

Preference

Questionnaire on giving vegetables

N -

* Studies can fall in multiple categories



Table 3 Papers about interventions to increase vegetable acceptance

Repeated exposure

Flavour-flavour
learning

Flavour — nutrient
learning

Variety

Starting with vegetables
/ Stepwise introduction

Visual exposure /
sensory engagement

Sullivan 1994 (1)
Birch 1998
Gerrish 2001
Forestell 2007
Maier 2007 (1)
Maier 2008
Mennella 2008
Caton 2012
Hausner 2012
Barends 2013
De Wild 2013 (1)
Remy 2013 (l)
Barends 2014 (l)
Ahern 2014 (1)
Caton 2014
Coulthard 2014
De Wild 2014 (1)
Bouhlal 2014
Maier-Noth 2016 (l)
De Wild 2017

Zeinstra 2017

Caton 2012
Hausner 2012
Remy 2013 (l)
Ahern 2014 (1)
De Wild 2014 (1)
Bouhlal 2014

Caton 2012
Hausner 2012
De Wild 2013 (1)
Remy 2013 (l)

Gerrish 2001
Maier 2008
Mennella 2008
Barends 2013
Coulthard 2014
Fildes 2015

Barends 2013
Barends 2014 (1)
Fildes 2015
Hetherington 2015 ()

Houston-Price 2009
Heath 2014

Dazely 2015

De Droog 2017

| = longitudinal



Table 4 Papers about observational studies to increase vegetable acceptance

Frequency of
exposure

Variety

Effect of milk
feeding method /
duration

Effect of age of
introduction of solid
foods / vegetables

Maternal feeding
practices / modeling

Coulthard 2010 (1)
Gregory 2011 (1)
Howard 2012 (1)
Ahern 2013
Grimm 2014 (1)

Kong 2016 (1)

Ahern 2013

Lange 2013 (1)
Mallan 2016 (l)
Lange 2012 (1)
Moller 2013 (1)

De Lauzon-Guillain
2014 (1)

Grimm 2014 (1)
Okubo 2015 (1)

Yuan 2016 (l)

Burnier 2011 (1)
Grieger 2011 (r)
Howard 2012 (l)
Lange 2012 (1)
Moller 2013

Perrine 2014 (1)

Armstrong 2014

De Lauzon-Guillain
2014 (1)

Okubo 2015 (1)
Yuan 2016 (I)
Soldateli 2016 (1)

Coulthard 2009 (I)
Coulthard 2010 (1)
Burnier 2011 (1)
Lange 2013 (1)

Gregory 2011 (1)
Townsend 2012 (r)
Yuan 2016 (I)
Edelson 2016

r = retrospective; | = longitudinal



Table 5. Summaries of the included randomized controlled trials, with results on vegetable (V) and fruit (F) consumption and/or liking

Authors (year) Sample Data collection Focus paper Design of study Reported findings on vegetable and fruit intake,
(ref #) acceptance or liking
Ahern, Caton, N =29 (recruited Intake in grams ~ RE* and FFL* Within Subject design Intake increased from pre- to post-intervention for all
Blundel & 42) Each child received 6 to 8 exposures to a root purees (~36 g, p < 0.001), with no effect of
Hetherington Age 15-56m, vegetable puree with added apple puree (FFL) condition. Magnitude of change was smaller in the
(2014) Country: UK alternating with 6 to 8 exposures to another control condition. This means FFL was not better
with nothing added (RE). than repeated exposure.
A third puree acted as a control. Post-intervention intake correlated between all
Measurement: Change in intake was assessed by conditions.
pre- and post-intervention intake measures of Intake remained significantly higher than baseline 1
the three purees with nothing added. month (p < 0.001) and 6 months (p < 0.001) post-
Follow-up measures took place 1 month (n = 28) intervention for all conditions.
and 6 months (n = 10) post-intervention. Children under 24m ate consistently more across the
intervention than the older children (224 m) with no
differences found in response to condition.
Barends, de Paper 1 Paper 1 RE Paper 1: Mean vegetable intake in the vegetable group
Vries, Mojetet N=101 Intake in grams, Intervention increased significantly from 24 + 28 g (mean + SD) on
al. (2013 & mean age 5.4m mothers rated 4 groups: 18 days exposure to variation of days 1and 2to 45+ 44 gon days 17 and 18.
2014); (range 4-6m) liking. vegetables with 9x RE to: (1) green beans, (2) 1st intake of green beans in the fruit groups at day 19,
Country: the artichoke. Or variation of fruits with RE to (3) was 24 + 29 g and as low as the green beans intake in
Netherlands apple, (4) plum. the vegetable groups at the 1st exposure on day 1 or
Measurements: Day 1 and 2 measurements of 2.
Paper 2: Paper 2: daily intake and liking (assessed by mothers) in the 1st apple intake in the fruit groups on day 1 or 2 of 47
Follow-up 1: intake was lab of exposed and other vegetable in + 48 g did on average not differ from the first apple
N = 84 (of which recorded in a 3- vegetable groups. Exposed fruit and other fruit intake of 45 + 49 g in the vegetable groups on day
71 recorded a day food diary. in fruit groups. Day 19 1% fruit in vegetable 19.
food diary) group and 1% vegetable in fruit group. Mean intake of green beans increased significantly
mean age: 12m both in groups 1 (p=0.016) and 2 (p<0.001). Intake
(SD=1.4m) Paper 2 of artichoke only increased significantly in group 1
Follow-up 2: Follow-up measurements: (p=0.042) but not in group 2 (p=0.603).
N=81 (of which 69 When the infants were 12 and 23m of age their Liking correlated positively with intake.
recorded a food intake of the same fruit and vegetables was The paper in 2014 reports follow-up measurements 12
diary) measured in the lab at 2 consecutive days. In & 23 months after the intervention: reported daily
Mean age = 23m addition their vegetable intake was recorded intake of vegetables was higher in the group that
(SD=1m) with a food diary on 3 random days in a week. had started with vegetables than in the group that
had started with fruits at 12m but not at 23m.
Birch, Gunder, N =39 Intake in grams RE Intervention: 4 groups: 2 were RE to peas puree.  RE increased mean intake of the target food from 35 to
Grimm-Thomas Mean age: 24 Two groups were RE to banana puree. 72 g (p < 0.01). Same food increased from 59 to 65 g
et al. (1998) weeks RE to target food once a day for 10 days. (ns). Similar food increased from 60 to 77 g (p <




(range: 16-31)
Country: USA

Measurement: Pre- and post-exposure intake of
target, same (different brand), similar (fruit-
fruit, vegetable — vegetable) and different food
(vegetable — fruit).

0.01).
No effect on a different food.

Bouhlal,
Issanchou,
Chabanet &
Nicklaus
(2014)

N =151, Mean
age: 27m (SD =
0.6m).

Country: France

Intake in grams,
liking (rated by
caretaker on
Likert scale)

RE, FFL with
salt and spice

Between subject design

The effect of RE and of FFL on toddlers’
acceptance of a non-familiar vegetable was
investigated.

Toddlers attending six nurseries were assigned
to 3 groups. Groups were exposed 8 times to a
basic salsify puree (RE group), a salty salsify
puree (FFL-salt group) or a spiced salsify puree
(FFL-Nutmeg group; n = 50).

Acceptance (intake and liking assessed by
caregiver) of the target vegetable (basic salsify
puree) and of a control vegetable (carrot
puree) was evaluated at pre-exposure, at each
exposure of the learning period, at post-
exposure, and at 1, 3 and 6 months after
exposure.

In all groups, intake of the target vegetable increased
from pre- to post-exposure.

This increase was significantly higher in the RE group
(64 £ 11 g) than in the FFL-Salt group (23 £ 11 g) and
marginally higher than in the FFL-Nutmeg group (36
+11g).

No difference between groups was observed on the
increase in liking of the target vegetable from pre-
to post-exposure.

The increase of the target vegetable intake was still
observed after 6 months for all groups.

Caton, Ahern,
& Hethering-
ton (2012)

N=72

Mean age: 23.6m
(SEM: 0.9, range:
9-38m)

Country: UK

Intake in grams

RE, FFL and
FNL*

Intervention: 3 conditions (RE, FFL and FNL).

10 exposures to a novel vegetable. RE: plain
artichoke puree. FFL: sweet (sucrose) added.
FNL: added energy using oil

Measurement: Pre- a'nd post-intervention
intake measures of plain artichoke and carrot
puree (control vegetable).

Durability assessed 2 weeks post RE. Intake of
Artichoke puree once a week for 3 weeks. Last
week also carrot.

During 10 exposures intake of both vegetables
increased (P=0.001); artichoke sign. more than carrot
(P=0.001) and to the same extent in all three
conditions. This effect was persistent up to 5 weeks
post-intervention.

5 Exposures sufficient to increase intake (p=0.001).

No sign. condition effect immediately after
intervention.

Elevated intake in RE condition at post-test (p=0.02).
Significant vegetable by condition effect between RE

and FFL. Artichoke intake post-test higher in RE
group than in FFL group (p=0.024), not between RE
and FNL and FFL and FNL.

Caton,
Blundell, Ahern
etal.

(2014)

N =332

Mean age: 19m
(£9.9m)
Countries:
Denmark, France,
UK

Questionnaire
on
breastfeeding,
child eating
behavior
questionnaire,
intake in grams

Influence of
timing,
breastfeeding
duration, age
and traits on
effectiveness of
RE, FFL and FNL

In order to understand the factors which predict
different responses to repeated exposure,
data from the same experiment conducted in
three groups of children from three countries
(n=332) aged 4-38m were combined and
modelled.

During the intervention period each child was
given between 5 and 10 exposures to a novel

Breastfeeding duration and age of introduction to solid
foods was not associated with intake or eating
pattern (1. learners; 2. plate cleaners; 3. non-eaters;
4. others) and did not interact with group (RE, FFL or
FNL).

Age was a significant predictor of eating pattern, with
older pre-school children more likely to be non-
eaters.




vegetable (artichoke puree) in one of three

versions (basic, sweet or added energy).
Intake of basic artichoke puree was measured

both before and after the exposure period

Coulthard, N =60, Intake in grams,  RE, variety, age Randomized controlled trial There were no significant differences in demographic
Harris & Fogel Mean age: 5.18m  enjoyment of of introduction The effectiveness of variety versus single taste factors between groups, except for maternal and
(2014) (£0.84m), food (5 points to solid foods exposure was measured in (1) infants child age.

Country: UK scale), introduced to solids prior to the age of 5.5m, There was no difference between the groups in
age in months and (2) those introduced after 5.5m. consumption of the baseline vegetable (carrot).

Infants’ acceptance of a novel vegetable (pea There were no main effects of exposure group or age
puree) was measured after a 9 day exposure group on consumption of pea after the exposure
period in the infants a week after they were period.
first introduced to solid foods. There was an interaction between the age of

During the exposure period half of each age introduction and exposure group on consumption of
group was given carrot every day, and the the new vegetable (pea) F(1, 59) =4.72, p < 0.05. In
other half was given a variety pack of zucchini, particular, infants weaned at 6m in the single taste
parsnip and sweet potato. group ate significantly less pea puree than those in

A baseline measurement of the infants’ the variety group (p <0.05).
acceptance of a vegetable (carrot) was taken
prior to the exposure period.

Dazely & N =92, Two-alternative  Non taste Exploration of the effectiveness of a non-taste The results demonstrate that hands-on activities with
Houston-Price Age range: 12- choice sensory sensory activity program in a nursery school unfamiliar fruits and vegetables can enhance
(2015) 36m, procedure: engagement setting. children’s willingness to taste.

Country: UK 4 plates with Children were allocated either to (1) an Children in the experimental group touched (Z = 2.87,
each 1 food intervention group, who took part in looking, p =.004) and tasted (Z=0.24, p = 0.025) more of the
from set A and listening, feeling and smelling activities with exposed, than non-exposed vegetables). This effect
1 from set B unusual fruits and vegetables every day for 4 was not found for fruits.

weeks, or (2) to a non-intervention control The exposed foods were also systematically touched
group. and tasted before the non-exposed foods. Again this

The experimental group was divided in 2 groups effect was stronger with vegetables than fruits.
that were exposed to different food sets: Set
A: sweet potato, green pepper, rhubarb and
dried fugs; or B: butternut squash, broad
beans, dried prunes and pomegranates.

De Wild, de N =28 Intake in grams,  RE and FNL Intervention: 2 groups were fed soups for 7 After completion of intervention, 28 children met
Graaf & de Mean age: 36 m paired weeks 2x a week at nursery. (1)High- energy criteria for FNL, and were included in further data
Jager (2013) (SD=7.3m, range: preference test. (HE) spinach soup and low-energy (LE) endive analysis.

21-46m)
Country: the
Netherlands

soup. (2)HE endive soup and LE spinach soup
Measurement: Preference and ad libitum intake

(with a maximum of 200 g) of both vegetable

products (LE), measured before, shortly after

Significant increase (58 g) in intake for both vegetable
soups (stable over time), irrespective of the energy
content, immediately after the intervention (+58 g),
but also after 2 and 6 months.




the intervention period, and 2 and 6 months
following conditioning to assess longer-term
effects.

This indicates a robust effect of mere exposure on
intake, but no effect of FNL.

Preference results showed a significant shift in liking
for the vegetable soup consistently paired with high
energy, supporting FNL

De Wild, de N Baseline=39, N Intake ingrams RE and FFL Within subject design, semi cross-over Intake increased significantly after the intervention for
Graaf & de 2-month follow- The relative effectiveness of RE and FFL in both vegetables (on average with 8 g), and this
Jager (2014) up =37, N 6- increasing vegetable intake and acceptance in effect was persistent even 6 months afterwards.
month follow-up preschoolers was investigated. The increase was irrespective of crisps being offered
=36, During an intervention period of 7 weeks, with C or UC dip sauce.
Mean age = 33m toddlers consumed red beet and parsnip crisps
(£8.4m), at day-care centers. (1)Half of the group
Country: the received red beet crisps with a dip of tomato
Netherlands ketchup (Conditioned [C]) and parsnip with a
neutral white sauce (Unconditioned,[UC]),
whereas (2) for the other half the order was
reversed (red beet [UC], parsnip [C]).
Preference and ad libitum consumption of
vegetable crisps were measured once before
and three times after the intervention over
the course of a 6-month follow-up period to
assess longer-term effects.
De Wild, de N=103 Intake, RE; Food Randomized controlled trial All four groups significantly increased their spinach
Graaf & de Mean age: preference, preparation Intervention: The study compared three intake from pre- (53 g) to post-intervention (91 g) by
Jager (2017) 35.5m(SD: 6.8m) food- method preparation practices for a target vegetable an average of 70%. For preference, no significant
Country: the neophobia ((1)plain spinach, (2) creamed spinach and (3) shift toward the target vegetable was found from
Netherlands spinach ravioli) on their effectiveness in pre- to post-intervention.
increasing preschool-aged children’s The effect on intake depended on the child’s
preference for and intake of the target neophobia status and pre-intervention spinach
vegetable in comparison to a control consumption, with children with neophobia being
vegetable ((4)green beans).During the less responsive to the intervention and with children
intervention, children were served the who ate more spinach before the intervention being
vegetable at their main meal six times during 6 more responsive to the intervention.
weeks at home.
Measurement: Preference and libitum intake of
cooked spinach were assessed during a test
meal at the day-care center pre- and post-
intervention.
Droog, van N=163 Narrative Visual exposure Intervention: The study investigated whether the  Analysis showed a main effect for reading style,
Nee, Govers & Mean age: 2.6y involvement / picture book effect of vegetable promoting picture books F(1,150) = 4.15, p < 0.05, h2 = 0.03, with toddlers
Buijzen (2017) (SD: 0.5) checklist, intake on toddlers' vegetable consumption differed who were read to interactively eating a significantly




Country: the (# pieces) according to the reading style and the use of a higher proportion of carrots than those who were
Netherlands hand puppet during reading. read to passively.
In a 2 (reading style: interactive vs. passive) x 2 The main effect for puppet use, F(1,150) =0.44, p >
(puppet use: with vs. without puppet) 0.50, and the interaction effect, F(1,150) = 0.04, p >
between-subjects design, toddlers were 0.80, were not significant.
randomly assigned to one of the four reading
conditions. The story was about a rabbit that The explanation for this effect was that interactive
loves to eat carrots. reading stimulated toddlers to imitate poses of the
Measurement: After reading day 4, an eating book characters, even more when interactive
task was conducted in which children could reading was supported by the use of a hand puppet.
eat freely from four different snacks, including
carrots.
Forestell and N =45 Intake, RE; variety Intervention: 2 groups: (1) RE to green beans, (2) Initially infants ate more energy from peaches than
Mennella Mean age 5.8m mothers rated RE to green beans and after 1 hour peaches. 8 from green beans.
(2007) (SEM: 0.2m, liking, facial consecutive days. RE to green beans, with or without peaches, increased
range: 4-8m. expressions. Measurement: consumption of green beans (from 56.8 t0 93.6 g; p
Country: USA Acceptance of both foods (consumption and <0.05).
liking based on facial expression) was assessed  Only infants who experienced green beans with
before and after the home-exposure period. peaches displayed fewer facial expressions of
distaste during feeding.
Breastfed children showed greater liking of peaches
but no difference in acceptance of green beans.
Gerrish and N =48 Intake in RE; variety Intervention: Acceptance evaluated of a novel V Infants' carrots intake increased significantly when
Mennella Mean age 4.6m grams,. (pureed carrot) and meat (pureed chicken) after exposed to either carrots (50+6gto 90+ 11g)ora
(2001) (SD: 0.2m) mothers rated a 9-days RE at home in 3 groups of infants. (1) variety of V (62 £ 12 to 108 +11; P < 0.05), but not
Country: USA liking. was fed only carrots, the target V; (2) was fed those exposed to potatoes.
only potatoes, a V that differed in flavour from RE to a variety of V also facilitated the acceptance of
carrots; (3) was fed a variety of vegetables that the novel food, pureed chicken, and daily
did not include carrots. experience with fruit enhanced the infants’ initial
Measurement: Intake and liking (assessed by acceptance of carrots.
mother) of carrot puree pre- and post RE in the
lab. Intake of meat last day in the lab
Hausner, N =106 Intake in grams RE, FFL and FNL Intervention: Intake of puree increased in the RE and FF condition,
Olsen, & Mean age: 28m Nurseries were randomly assigned to one of and was unchanged in the FN condition. RE changed

Mgller (2012)

(range 22-38m)
At nurseries.
Country: Denmark

three learning strategies.

3 groups: Children were exposed 10 times to
unmodified puree (RE), a sweetened puree
(FF) or an energy dense with added fat (FN).

Measurement: Intake. Pre-testing with an
unmodified artichoke puree.

Post-test with unmodified puree, 3 and 6 months

children’s intake by the 5t exposure, FF learning by
the 10,
RE led to the largest increase in intake of unmodified
puree at post-test and at 6 months follow-up.
Children following FF learning consumed more of the
sweet puree than of unmodified puree. About 30—
40% of the children were resistant to acceptance




after last exposure to monitor long-term
effects of learning.

changes.

Heath,
Houston-Price
& Kennedy
(2014)

Experiment 1:

N =119,

Mean age: 21.9 m
(range: 19.8 —
26.5m)

Experiment 2:

N =60, mean Age:

22.3m (range:
20.9 - 24.0m),
Country: UK

Vegetable liking
and familiarity
questionnaire,
willingness to
taste

Visual exposure Experiment 2:

/ picture book

Children were randomly assigned to 1 of 3
conditions: (1) disliked vegetable, (2) liked
vegetable, (3) unfamiliar vegetable.

For each participant 2 vegetables that matched
their condition were selected. Parents were
asked to read a special made picture book
with their child about the exposed vegetables
every day for 2 weeks.

After these 2 weeks a taste test was done in 2
steps. First the children were offered a plate
with a liked and a disliked vegetable. Second,
they were offered a plate with the exposed
and the unexposed vegetable from the
condition they were assigned to.

Measurement: Liking by parent, willingness to
taste

The vegetable that was reported to be liked, was
tasted more often, was tasted first and needed less
encouragement to taste than the disliked vegetable.

Whether vegetables were tasted or the order in which
they were tasted, was not influenced by condition or
whether the children were exposed to it with a
picture book.

However, control vegetables needed more
encouragement to taste than exposed vegetables (Z
=-3.14, p =0.001)

Only the children in the unfamiliar initial status
condition consumed significantly more of the target
vegetable (Z=-2.5, p=0.011).

Hetherington,
Schwartz,
Madrelle et al.
(2015)

N = 36, mean age:
4.8m (£ 0.6m,
Country: UK

Intake in grams,
rated liking

Early exposure
/ Stepwise
introduction

The study tested a step-by-step exposure to
vegetables in milk then rice during CF, on
intake and liking of vegetables.

Just before CF, enrolled mothers were
randomised to an intervention (IG) or control
group (CG). IG infants received 12 daily
exposures to vegetable puree added to milk
(days 1-12), then 12 x 2 daily exposures to
vegetable puree added to rice at home (days
13-24). Plain milk and rice were given to CG.

Then both received 11 daily exposures to
vegetable puree.

Intake was weighed and liking rated (by mother
and experimenter) on days 25-26 and 33-35
after the start of CF in the laboratory,
supplemented by the same data recorded at
home. Vegetables were rotated daily (carrots,
green beans, spinach, broccoli).

Intake, liking and pace of eating were greater for I1G
than CG infants. Intake and liking of carrots were
greater than green beans. However, at 6m then 18m
follow up, vegetable (carrot > green beans) but not
group differences were observed. Mothers reported
appreciation of the structure and guidance of this
systematic approach.

Houston-Price,
Butler, & Shiba
(2009)

N =20 infants
Mean age:
23.2m(range 21-
24m)

Tasting test,
number and
order of foods
tasted were

Visual exposure

Intervention: 2 groups. In each group parents
read a different picture book with their child
every day for two weeks. About 2 familiar and
2 unfamiliar fruits, and 2 familiar and 2

Children tasted more familiar than unfamiliar foods (p
=0.046).

Overall no exposure effect. However,

exposure served to decrease children’s willingness to




Country: UK counted. unfamiliar vegetables. taste familiar vegetables, it increased their
Measurement: In a ‘taste test’ following the willingness to taste unfamiliar vegetables.
exposure period they were offered all eight Order of tasting only sign. effect in fruits. Exposure
foods shown in the two books: the four fruits were tasted before non-exposed fruits.
vegetables followed by the four fruits. Number  Children displayed neophobic behaviour towards
of foods the children tasted and the order in foods to which they had not been exposed, but not
which they did were video recorded. towards exposed foods.
Maier, N =49 Intake in grams, RE Intervention study: Intake of disliked vegetable increased from 39+ 29¢g
Chabanet, Mean age: 6.9m mothers rated From a larger study infants who disliked at least at first exposure to 174 + 54 g at the gt exposure.
Schaal et al. (SD: 0.9m). liking. one vegetable were selected. Similar to that of the liked vegetable (186 + 68 g).
(2007) Country: Mothers were asked to offer a disliked vegetable Nine months later, 63% of the infants were still
Germany on alternate days for 16 days, and to offer a eating and liking the initially disliked vegetable.
well-liked one (carrot puree) on the other Similar results were found for mother-reported liking
days. ratings.
Measurement: Intake and liking (by mother)
were measured at each meal.
Maier, N =147 Intake in grams,  RE and variety  Intervention: 3 groups received their first Intake on day 1 was the same in breast and formula
Chabanet, Mean age: 5.2m mothers rated during weaning vegetable (carrot puree) in the lab and, 9 days fed and in 3 conditions.
Schaal et al. (SEM: 0.1, range liking. at home, either (1) carrots every day; (2) 3 Breastfeeding (p < 0.001) and variety (p <0.001)
(2008) 4-7 m). vegetables changed every 3 days; or (3) 3 increased new food acceptance.
Country: vegetables changed daily. On the 12th and Frequency of change was more effective than number
Germany and 23rd days they received new vegetable of vegetables fed. The combination of breastfeeding
France purees, zucchini-tomato then peas. and high variety produced greatest new food intake.
Measurement: Acceptance of new foods was Intake scores were supported by liking scores.
measured by intake and by liking ratings of
mothers and observer.
Maier-Noth, Baseline: N=72; - Baseline: Breastfeeding  This study presents data of the follow-up of 2 At 15m, participants who had been breast-fed were
Schaal, mean age: 5 intake in grams  /RE / variety intervention studies on increasing vegetable reported as eating and liking more vegetables than
Leathwood & months +liking rating acceptance. (1) The first, consisted of offering those who had been formula-fed.
Issanchou Follow-up 1: N = - Follow ups: infants a high variety of vegetables at The initially disliked vegetable that became accepted
(2016) 45; age 15m questionnaires weaning(2) The second cinsisted of offering an after repeated exposure was still liked and eaten by
Follow-up 2: N = -6 yrs.: taste initially disliked vegetable at 8 subsequent 79% of the children.
39; age 3y; test, rated liking meals. At 3 years, the initially disliked vegetable was still liked
Follow-up 3: N = Follow-up data were obtained at 15m, 3y and 6y and eaten by 73% of the children.
31; age = 6y through questionnaires (15m, 3y) and At 6 years, observations in an experimental setting
Countries: experimental (6y) approaches. showed that children who had been breast-fed and
Germany & Measurements: intake, liking (by mother), children who had experienced high vegetable
France willingness to taste variety at the start of weaning ate more of new

vegetables and liked them more. They were also
more willing to taste vegetables than formula-fed
children or the no or low variety groups. The initially




disliked vegetable was still liked by 57% of children.

Mennella,
Nicklaus,
Jagolino et al.
(2008)

N =74

Mean age: 6.6m
(SEM: 0.3m,
range: 4-9m)
Country: USA

Intake in grams,
mothers rated
liking.

RE and variety
during
weaning

Study 1:

Intervention: 2 groups. During meal at 8X home
exposure. (1) RE to only pears (2) exposure to
a daily variety of 3 fruits not including pear.

Measurement: Infants' intake, liking (assessed
by mothers), length and rate of feeding of
pears on days 1 and 11 and green beans on
days 2 and 12.

Study 2:

Intervention: 3 groups, 8 exposures at home. (1)
only green beans. (2) Between-Meal variety:
green and orange vegetables alternated daily.
(3)Within meal Variety: two vegetables each
day (one green, one orange). Pair of
vegetables varied from day-to-day but one of
the pair was offered the day before.

Measurement: Infants' intake, liking (assessed
by mothers), length and rate of feeding of
green beans on days 1 and 11 and of
alternating spoonfuls of carrots and spinach
on days 2 and 12 in lab.

Study 1:
In both groups pear intake increased, but not green
beans intake.

Study 2:

Increased intake of green beans in group (1) from 15
to 24 kcal (p < 0.08); group (2) from 20 to 26 kcal (p <
0.08); group (3) from 12 to 27 kcal (p < 0.05).

Increase in carrot-spinach intake: only in group (3): 9
to 16 kcal (p < 0.05)

Remy,
Issanchou,

Chabanet at al.

(2013)

N =95
Age: 4-8m.
Country:
France

Intake in grams,
mothers rated
liking.

RE, FFL and
FNL

Intervention: 3 groups (random): 1. RE: 10 x basic
artichoke puree; 2. FFL: 10x sweet artichoke
puree; 3. FNL: 10x energy dense artichoke
puree

Measurement: intake and liking (by parent)

Pre-exposure:

No association of breastfeeding duration with intake.

No effect of number of vegetables eaten before

starting the study on liking.

Post exposure:

Liking (assessed by parents) increased only in RE group
(+39%; p = 0.005)

Amount of vegetables eaten before starting the study,
influenced artichoke intake at pre-exposure (+8 + 2
g/vegetable previously eaten; p = 0.0001).

Post exposure: Both intake of RE (+63%, p = 0.0001)
and FFL (+39%, p = 0.007) groups increased, FNL
group did not. Intake of RE and FFL did not differ.

Learning was stable up to 3 months post exposure.

Sullivan and
Birch
(1994)

N =36

Mean age: 22w
(range: 17-27w)
Country: USA

Intake in grams,
mothers rated
liking (ML).

RE; FFL by
adding salt

Intervention:(home)

4 groups: 10 x RE once a day on consecutive
days to salted peas, unsalted peas, salted
green beans or unsalted green beans

After RE intake significantly increased, regardless of
which vegetable was consumed and whether or not
the vegetable contained added salt ( P <.001).
Increase was 28 to 63 g for salted vegetables and 36




Measurements: Intake & liking (by mother &

to 58 g for unsalted vegetables.

1. Coulthard H, Harris G & Fogel A (2014) Exposure to vegetable variety °r¥*}ﬁfaaﬁt2%°f Sﬁcletad %rbdfT]Q?Sﬁ?% 2[fetlte 9§e ck after RE intake of V did not change

separate days: (1) before the 10-days RE,
immediately after RE; and (3) one week after
RE.
Intake control food before and after RE

signifi cantly

Breastfed infants showed larger increases in vegetable
consumption (39 to 72 g) than formula fed infants
(25to 46 g, P <0.01).

Rated liking (assessed by adults) showed same effect

as intake.

Zeinstra, N=250 Willingness to RE; The study investigated the effect of RE to three a
Vrijhof & Mean age: 25m taste, preparation priori unfamiliar vegetables, each prepared in
Kremer (2017) (SD: 10m) intake in grams ~ method two ways, on children's vegetable acceptance
Country: the in a childcare setting.
Netherlands The intervention group (N = 125) participated in

a 5-month exposure period, where they were
exposed repeatedly (~12x) to the vegetables:
pumpkin blanched and as a cracker spread;
courgette blanched and as soup; white radish
raw and as a cracker spread. The control group
(N =- 125) maintained their normal routine.

Measurement: Acceptance and willingness to
taste. Children participated in a pre-test and a
post-test, where they were offered pumpkin,
courgette, and white radish.

At pre-test, children ate about 20 g of pumpkin and
courgette, whereas white radish intake was
approximately 10 g. There was a significant positive
effect of the intervention for pumpkin (+15 g; p <
0.001) and white radish (+16 g; p = 0.01). Results for
willingness to taste were in the same direction.

There was no RE effect for courgette (p = 0.54).

* RE = Repeated Exposure; FFL = Flavour — Flavour learning; FNL = Flavour — Nutrient learning



Table 6. Summaries of the included observational studies, with results on vegetable (V) and fruit (F) consumption and/ or liking

Authors Sample Data collection Focus paper Design of study Reported findings on vegetable and fruit intake,
(year) (ref #) acceptance or liking

Ahern, N =234 Questionnaire on  Frequency of Survey: Children aged 6-12m were offered vegetables more
Caton, Mean age: 21m early feeding exposure / Mothers completed a survey assessing parental and frequently and had a higher reported liking for these
Bouhlaletal. (0.6) practices and preparation infant familiarity, frequency of offering and liking for vegetables than children 25-36m. UK children's
(2013) Countries: UK, liking method 56 vegetables as well as preparation techniques for liking was related to frequency of maternal intake

Denmark, France

these vegetables.

and frequency of offering.

Armstrong, N =12,290 Questionnaire at Breastfeeding and  Survey: Exclusive breastfeeding for 3m, compared to mixed or
Abraham, Age (range 8-10m) age 4-6w, 4-6m age of introduction Secondary data analysis was performed on the UK Infant formula feeding, was positively associated with
Squair et al. Country: UK and 8-10m to vegetables Feeding Survey 2005. giving vegetables (AOR = 1.46; 95% Cl, 1.25-1.72) at
(2014) the age of 8m to 10m.

Burnier, N =1,549 Age all: Interviews and Breastfeeding and  Longitudinal: Age of introduction to vegetables was not related to
Dubois, & dy. questionnaires age of introduction  Collection of information on children’s food vegetable consumption at the age of 4y.

Girard (2011)

Data collection
started at the age
of 5m.

Country: Canada

about infants
feeding at the age
of 5m. 24-h
dietary recall of
food consumption
at the age of 4y.

to vegetables

consumption patterns and behaviours of the infants
from the age of 5m and once a year thereafter. At the
age of 4y a 24-hr dietary recall.

Analysis:
Relation between exclusive breastfeeding duration
and vegetable intake

Infants that were breastfed longer than 3m and infants
with a mother that had a university degree had a
higher chance to get more than 2 servings of
vegetables a day (p < 0.05)

Coulthard, N =7821Ageall: 7y  Questionnaire Effect of age of Longitudinal: Fewer children in group (3) ate vegetables (p = 0.001)
Harris, and olds who about introduction of Groups: Children were divided into three groups based than children in group (2) (about 7% less children).
Emmett participated in introduction of solid foods on on the age at which they were first introduced to They also ate fewer portions and fewer types of
(2009) ALSPAC study at the  vegetables (at age vegetable and fruit ‘lumpy’ solids: (1) <ém 12.1%. (2) 6-9m, 69.8% vegetables. In addition they were reported as having
age of 6m and 15m.  of 15m). intake (3) 210m, 18.1% significantly more feeding problems at seven years
Country: UK Dietary range Measurement: More children in group 1 ate green vegetables and
questionnaire (at Self-report questionnaires completed by the mother tomatoes (p = 0.001).
age 7y) about her child at 6m, 15m, and 7y postpartum about
foods eaten and feeding difficulties.
Coulthard, N =7821 Ageall: 7y Questionnaire Longitudinal effects Longitudinal: Frequency of consumption of home-cooked
Harris, & Data about of frequency, type, Mothers completed self-reported questionnaires about vegetables (and not ready prepared) at 6m
Emmett collection started at  introduction of and age of the introduction of vegetables during weaning at 6 correlated (8 = 0.14; P < 0.001) with frequency of
(2010) 6m of age vegetables (at age introduction of months and FFQ at 7y postpartum. Relation between vegetable consumption at 7y.
Country: UK 6m). fruit and vegetable frequency of consumption of types of fruit and Age of introduction moderates frequency effect, but

Dietary range
questionnaire (at
age 7y)

intake during
weaning

vegetables at or before the age of 6m and fruit and
vegetable consumption at the age of 7y were
calculated.

does not affect intake at 7y directly.




De Lauzon-
Guillain,
Jones,
Oliveira et al.
(2014)

UK N = 7269, France

N = 1302, Portugal
N =800, Greece N =
556

Birth cohorts to 13y

Infant feeding
questionnaire.
FFQ at 2y or 4y

Breastfeeding and
age of introduction
to vegetables

Longitudinal:

Associations between breastfeeding and timing of
complementary feeding, and fruit and/or vegetable
intake in 2-4-y-old children were tested by using
logistic regressions, separately in each cohort, after
adjustment for infant's age and sex and maternal age,
educational level, smoking during pregnancy, and
maternal fruit and vegetable intake.

Longer breastfeeding duration was consistently related
to higher fruit and vegetable intake in young
children.

The associations with age of introduction to fruit and
vegetable intake were weaker and less consistent
across the cohorts.

Mothers' fruit and vegetable intake (available in 3 of
the cohorts) did not substantially attenuate the
relation with breastfeeding duration.

Edelson,
Mokdad &
Martin
(2016)

N =60
Age range 1-3y.
Country: USA

Video recording
of two meals

- Feeding style
questionnaire
24-h dietary
recalls

Parental feeding
style/ Prompting

Behavior observation:

Families recorded all toddler meals over one day, plus a
meal in which parents introduced a novel
fruit/vegetable to the child.

Videos were coded for parent and child behaviors.

Parents completed a feeding style questionnaire and

three 24-h dietary recalls about their children's intake.

There was a trend for using another food as a reward
to work less well than a neutral prompt for
encouraging children to try a novel fruit or
vegetable.

More frequent prompts to eat fruits and vegetables
during typical meals were associated with higher
overall intake of these food groups.

More prompts for children to try a novel vegetable
was associated with higher overall vegetable intake,
this pattern was not seen for fruits, suggesting that
vegetable variety may be more strongly associated
with intake.

Children who ate the most vegetables had parents
who used more "reasoning" prompts, which may
have become an internalized motivation to eat
these foods, but this needs to be tested explicitly
using longer-term longitudinal studies

Gregory,
Paxton &
Brozovic
(2011)

78 mothers
completed
questionnaires
when infants were
1y and 60 of them
also when they
were 2y of age.
Country: Australia

Questionnaire
maternal feeding
practices.

Child FFQ

Longitudinal
effects of
maternal feeding
practices on
vegetable and
fruit intake.
Frequency of
vegetable
consumption

Longitudinal:

A self-report questionnaire was used for mothers to
record demographic and anthropometric information,
as well as measures of maternal feeding practices,
child food consumption, and food availability.
Prospective relationships between maternal feeding
practices and young children’s frequency of
consumption of fruits, vegetables and sweets were
calculated.

Frequency of vegetable consumption at 1y of age
predicted vegetable intake at 2y of age.

Maternal use of pressure to eat at 1y predicted lower
child frequency of fruit consumption at 2y and
approached significance for lower vegetable
consumption. Maternal modelling of healthy eating
at 1y predicted higher child frequency of vegetable
consumption at 2y. Restriction did not significantly
predict child frequency of consumption of fruits,
vegetables or sweets over time.

Grieger, Scott
& Cobiac
(2011)

N =1071

Mean age: 2.5y
(range 2-3).
N=1216 Mean age:
6y (range 4-8y)

24- hr dietary
recall

Influence
breastfeeding on
later food intake

Cross-sectional:
Sample divided in breastfed and non-breastfed.
Measurement:
Food and nutrient intake data were collected on two
occasions using a 24-h dietary recall. A computer-

A positive association was found between breast-
feeding and the healthy, meat and vegetable food
pattern (r =0.267) (8 = 0.23; p=0.03).

No data on vegetable intake alone.




Country: Australia

assisted personal interview (CAPI) was conducted in
the child’s home including questions about milk and
breastfeeding history.

Grimm, Kim,
Jaroch et al.
(2014)

N =1078

Age 6y (data
collection from
birth).
Country: USA

Dietary screener
FFQ

Frequency and age

of introduction to
vegetables

Longitudinal:

Analysis on fruit and vegetable intake during late
infancy, age of fruit and vegetable introduction, and
frequency of fruit and vegetable intake at 6y from the
Infant Feeding Practices Study Il and the Year 6
Follow-Up (Y6FU) Study.

Analysis of 6-y-old children consuming fruits and
vegetables less than once per day and associations
with infant fruit and vegetable intake using logistic
regression modeling, controlling for multiple
covariates (n = 1078)

Based on maternal report, 19.0% of children
consumed vegetables less than once daily. In
adjusted analyses, children who consumed fruits
and vegetables less than once daily during late
infancy had increased odds of eating fruits and
vegetables less than once daily at age 6y (fruit,
adjusted odds ratio: 2.48; vegetables, adjusted odds
ratio: 2.40). Age of introduction of fruits and
vegetables was not associated with intake at age 6y.

Howard,
Mallan,
Byrne et al.
(2012)

N =245. Mean age

24m (£ 1m).
Country: Australia

Questionnaire of
early feeding
taken at 13m of
age.

Food preferences
questionnaire at
23m.

Question about
novel food
exposure

Number of novel
food exposure

Longitudinal:

Sample drawn from control group of NOURISH RCT
study.

Breastfeeding duration measured with characteristics
questionnaire at 4, 13 and 23m of age.

Child food preferences were collected at 23m of age
with food preferences questionnaire. Number of
repeated food exposures was assessed in a
questionnaire item. The effects of repeated exposure
to new foods and child food neophobia on toddlers’
liking of vegetables, fruits and non-core foods and the
proportion never tried were examined via hierarchical
regression models.

Breastfeeding duration and number of repeated
exposures to new food were not significantly
associated with vegetable or other food liking at
23m of age.

Kong et al.
(2016)

N=905. Age 2 and

7.7y. Country: USA

Liking &
consumption
rating

Frequency of
exposure

Longitudinal:

This study examined the extent to which early liking,
early consumption, and maternal consumption of
fruits and vegetables (F&V) are associated with F&V
consumption in mid-childhood

Data from 901 mother-child dyads from Project Viva, a
prospective pre-birth cohort study were analysed.

Mothers reported their child’s early liking and
consumption of F&V at age 2y and later consumption
at mid-childhood (median age 7.7y). They also
reported their own consumption of F&V at 6m
postpartum.

Frequency of consumption was measured on a scale of:
“Never”, “Less than once per week”, “Once per week”,

At 2 years, 53% of the mothers strongly agreed that
their child liked fruit and 25% strongly agreed that
their child liked vegetables.

Children’s early consumption played the most
predominant role. For every 1 time/d increment in
children’s early consumption of F&V, mid-childhood
consumption was higher by 0.25 (95% confidence
interval [CI]: 0.19, 0.30) times/d for fruits and 0.21
(95% Cl: 0.16, 0.26) times/d for vegetables, adjusted
for confounders plus the other 2 exposures.

In conclusion, children’s early F&V consumption has
the most significant influence on children’s later
consumption.




“ 2-4 times per week”, “Nearly daily or daily”, and “2
or more times per day”.

Results were adjusted for sociodemographic, pregnancy,
and child confounders.

Lange, Visalli,
Jacob etal.
(2013)

N =203 Followed
from Om to 15m of
age.

Country: France

Weekly food
diaries
Acceptance score

Breastfeeding
duration

Age of food
introduction and
food variety

Longitudinal:

Infants’ milk diets were recorded in food diaries one
week per month during 1% year of life.

Mothers recorded each food offered to the infant from
the beginning of weaning to the age of 15m.

The acceptance of these foods was scored by the
mother on a 4 point scale from very negative (e.g.
spitting out food) to very positive (e.g. infant ate
spoon immediately with relaxed face or smile).

Fruits and vegetables were the least well-accepted
categories at the beginning of weaning. The earlier
vegetables were introduced, the higher the
acceptance of new vegetables was (p=0.04). New
food acceptance was significantly correlated with
the number of different foods offered in the first
two months of weaning, particularly for fruits (p =
0.01) and vegetables (p < 0.0001).

Exclusive breastfeeding duration did not influence
new vegetable and fruit acceptance.

Mallan,
Fildes,
Magarey et
al.

(2016)

N =340

Mean Age baseline:

4.3m (t 1), Follow-

up at 14m and 3.7y.

Country: Australia

Liking (6-point
scale) and intake
questionnaire
(# of foods tried)

Variety

Longitudinal:

This study reports secondary analyses of longitudinal
data of the NOURISH randomized controlled trial.

The study examined whether exposure to a greater
number of fruits, vegetables, and noncore foods at
age 14m was related to children’s preference for and
intake of these foods at age 3.7y.

Exposure was quantified as the number of food items
tried by a child from specified lists at age 14m.

At age 3.7y, food preferences and intake patterns were
assessed.

Having tried a greater number of vegetables at age
14m was associated with liking a greater number of
vegetables (8 = 0.15; P = 0.001) and a higher fruit
and vegetable intake score (6 =0.12, P = 0.054) (F&V
were not measures separately) at age 3.7y.

Having tried a greater number of fruits at age 14m was
associated with liking of fruits, but not of
vegetables.

Adjusting for fussiness at age 14m, having tried more
vegetables at age 14m was associated with lower
fussiness at age 3.7y.

Breastfeeding duration is positively associated with
vegetable preferences (not intake), but not with
fruit or noncore food preferences and intake.

Moller, de
Hoog, van
Eijsden et al.
(2013)

N =2253
Age: ~5y Country:
the Netherlands

Children’s Eating
Behaviour
Questionnaire /

FFQ

Exclusive
breastfeeding /
breastfeeding
duration / age at
introduction to
solid foods

Longitudinal:

Associations of exclusive breastfeeding duration and
age at introduction of solid foods with children’s
eating behaviour and fruit and vegetable intake at age
5y, were investigated.

Data were derived from the Amsterdam Born Children
and their Development study, a prospective birth
cohort.

During infancy, data on infant nutrition were collected.
At age 5y child eating behaviour was assessed and
fruit and vegetable intake was calculated from a
validated child FFQ.

Children who were exclusively breast-fed for >6m had
a higher vegetable intake at 5y than children who
were not exclusively breast fed or breast fed for 1-
1.9m. No such association with fruit intake was
found.

Introducing solid foods before the age of 4m was
associated with a higher fruit intake compared with
introduction at 6m. No such association with
vegetable intake was found.




Okubo, N =763 Estimated daily Breastfeeding Longitudinal - prospective: Neither breast-feeding duration nor age at
Miyake, intake / child: duration / age at The association of breast-feeding duration and age at introduction of solid foods was associated with fruit
Sasaki et al. Country: Japan early life feeding introduction to introduction of solid foods with later intake of fruit intake at 16-24m of age.
(2016) practices solid foods and vegetables among Japanese toddlers was Breast-feeding duration, but not age at introduction of
questionnaires / examined. solid foods, was associated with later intake of
FFQ Information on breast-feeding duration, age at vegetables.
introduction of solid foods and children’s intake When breast-feeding duration was categorized into
frequency of fruit and vegetables were collected with two groups with the cut-off at 6m, children who
a self-administered questionnaire at 16—24m were breast-fed for >6m had a significantly
postpartum. Logistic regression analysis was used to decreased risk of low intake of vegetables (OR=0-53;
calculate odds ratios of low intake (<1 time/d) of fruit 95 % Cl 0-34, 0-84) than those breast-fed for <6m.
or vegetables for each infant feeding practice. Higher maternal education and fruit and vegetable
intake during pregnancy were directly associated
with a reduced risk of low vegetable intake by
children at 16-24m of age.
Perrine, N = 1355 Monthly Breastfeeding Longitudinal: Median frequencies of consumption of water, fruits
Galuska, Age = 6y questionnaireson  duration / age at Data from the Infant Feeding Practices Study Il and Y6FU and vegetables was higher among children with
Thompson et  Country: USA Food frequency introduction to were linked. Approximately monthly questionnaires longer breastfeeding durations (P < 0.05), while
al. and breastfeeding  solid foods throughout infancy were used to calculate any and intake of 100% juice and sugar-sweetened
(2014) during 1% year of exclusive breastfeeding duration (n = 1355). beverages was lower.
life / Dietary Median daily frequency of intake of vegetables and Intake of milk, sweets, and savoury snacks at 6y was
history screener other foods at 6y were calculated from a dietary not associated with any or exclusive breastfeeding
at 6 year follow- screener and frequency of consumption of each food duration in unadjusted analyses.
up (Y6FU) or beverage group was examined by any and exclusive  Frequency of consumption of water, fruits, and
breastfeeding duration. vegetables was positively associated, and intake of
Separate multivariable logistic regression models were sugar-sweetened beverages was inversely
used to calculate odds of consuming more than the associated with any and exclusive breastfeeding
median daily frequency of intake of food or beverage duration in adjusted models.
items, adjusting for confounders.
Soldateli, N =323 Interview on Breastfeeding Longitudinal: Approximately 60% and 45% of children consumed
Vigo & Justo Age: 4-7y. breastfeeding duration This study investigated the association between pattern fruits and vegetables, respectively, five or more
Giugliani Brazil every 2 months and duration of breastfeeding and consumption of times a week.
(2016) during 1* year. fruits and vegetables in children aged between 4 and Consumption of vegetables among 4-7-y-old children

FFQatage 4 to 7y

7y.

A secondary analysis was conducted, using data from a
former randomized clinical trial with 323 adolescent
mothers, their children, and maternal grandmothers,
when they cohabited.

Information on infant feeding was collected monthly
during the first 6m of life, every two months until the
child was 1y old over and when children were

was higher in children who were breastfed for 12m
or longer (OR 2.7; 95%Cl 1.49-4.93); exclusive
breastfeeding duration did not have a significant
association with consumption of vegetables (OR 1.5;
95%Cl 0.70-3.04).

There was no association between weekly
consumption of fruits and duration of breastfeeding
(OR 1.3; 95%Cl 0.71-2.30) or exclusive breastfeeding




between 4 and 7y old.

The associations between duration of breastfeeding and
exclusive breastfeeding and consumption of fruits and
vegetables were tested by a logistic regression model.

(OR 0.7; 95%Cl 0.34-1.44).

Townsend &

155 children aged

Food preference

Weaning style

Case control observations via questionnaire

In the BLW group liking of carbohydrates was higher,

Pitchford 20-78m questionnaire Exposure Design: 2 groups based on information from there were no significant differences in liking for the
(2012) Country: UK questionnaire: (1) baby-led weaning (2) spoon-fed other food groups
weaning. Exposure to vegetables, fruit, carbohydrates, protein,
Measurement: meals and sweets was higher in the spoon-fed
Questionnaires on child’s preference for 151 foods and group, compared to the baby led group.
exposure (frequency of consumption). Exposure to vegetables was significantly associated
Food preference and exposure data were analysed using with liking vegetables (r,=0.47, p<0.0001). No such
a case controlled matched sample to account for the associations were found for carbohydrates, sweet
effect of age on food preference. Weaning style was foods, fruits, and meals.
investigated with the whole sample
Yuan, Rigal, N=1142 Infant feeding Breastfeeding and  Longitudinal: Children's fruit and vegetable intake at 3y was
Monnery- Age all: 5y Data questionnaire at age of introduction 5y- old children completed a liking test for "fruit and positively associated with maternal fruit and
Patris collection startedat 4,6 and 12m. to vegetables. vegetables", "meat, fish and eggs", “desserts and vegetable intake, long breast feeding and later
(2016) birth Parental feeding Parental feeding cheese”. Data related to maternal food intake before introduction of various foods. Children's food and

Country: France

practices at 2y.
FFQ at 3y

Food liking test at
Sy

practices

pregnancy, infant feeding during the first year of life,
maternal feeding practices at 2y, child's food intake at
3y, and child's food neophobia from 1 to 4y were
collected prospectively from the mother.

The associations between these factors and child's liking
for each category of foods were analyzed

vegetable liking at 5y was associated with their
intake of fruit and vegetable at 3y.
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