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Abstract 

Background: Better diet quality of preschool children is associated with many important health outcomes, but there 
is significant room for improvement in many children’s dietary intakes. The determinants of children’s dietary intakes 
are complex and whole systems approaches may be effective tools for changing dietary intake. Collation of all the 
evidence available on determinants of preschool children’s dietary intake is necessary to ‘map’ the whole system of 
influence. Therefore, this systematic scoping review of available literature on determinants of dietary intakes in pre-
school children was undertaken.

Methods: The Joanna Briggs Institute methods for conducting a systematic scoping review were followed. Articles 
published since 2000 which assessed influences on the dietary intakes of preschool children were identified, yielding 
a total of 246 papers. Studies of children with clinical conditions (excluding obesity), or those conducted in mid-
dle and low-income countries were excluded, due to the different systems of influence in these populations. Data 
were extracted and information synthesised based on ecological level (child, parent, household, childcare, or wider 
determinants).

Results: Most articles focused on influences at the parental level (n = 118, 48%), followed by those at the child level 
(n = 73, 30%). Most of the studies were of cross-sectional design (n = 109, 44%). Whilst many studies considered 
influences at multiple ecological levels (n = 63, 26%) few analyses determined interactions between factors in their 
relationship with children’s dietary intakes, which is needed going forward using systems methods.

Conclusion: A wealth of evidence exists examining influences on the dietary intakes of preschool children and this 
information would benefit from analysis using a systems thinking approach in order to assess effective levers for inter-
vention and what works, for whom, under what circumstances.
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Introduction
The establishment of a healthy diet in the preschool years 
(typically aged 2–5 years) is crucial for the short- and 
long-term health of an individual. Across the world, a 
good quality diet tends to consist of frequent consump-
tion of fruits, vegetables, wholegrains and lean sources of 

protein and dairy, as well as infrequent consumption of 
foods high in sugar, salt and/or fat with low nutrient den-
sity. In the short term, better quality diets of preschool 
children have been associated with better cognitive 
development [1] and lower risk of overweight and obe-
sity [2, 3]. In the longer term, diet quality tends to track 
from preschool to adolescence and beyond [4] thus set-
ting individuals on a lifelong trajectory of risk of poorer 
or better health.
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Across high-income countries, national level surveys 
and studies have indicated that the quality of preschool 
children’s diets have room for improvement. A recent 
report from the National Diet and Nutrition Survey 
(NDNS) in the UK showed that preschool children (aged 
1.5–3 years) obtained ~ 11% of their total daily energy 
intake from added sugar, which is more than double the 
recommended contribution [5]. In addition, this age 
group were only consuming around 2 servings of fruits 
and vegetables a day. In the USA, the Feeding Infants and 
Toddlers survey (FITs) showed that the most commonly 
reported vegetable consumed by 2–4 year olds was fried 
potato and that 27% of children did not consume a single 
portion of vegetables on the day of reporting [6]. Further-
more, in Canada a recent study of adherence to national 
dietary guidelines of 3-year-olds showed that only 38% of 
children met the recommendations for intake of milk or 
alternatives and 13% met the recommendation for intake 
of grains [7].

Due to the variation in the quality of preschool chil-
dren’s diets and its impact on health, many studies have 
examined the key influences on children’s food intakes in 
order to identify target levers for intervention. It is undis-
puted that determinants of children’s food intakes are 
complex and interventions aimed at improving children’s 
diet quality have commonly included a number of targets 
[8–10]. However, the most effective approaches have yet 
to be discovered, as evidenced by limited sustainability of 
their impacts [8–10]. In response to the lack of long-term 
effective interventions in improving childhood diet and 
obesity rates, there has been a shift in the methods used 
to assess influences on children’s diet quality. Research-
ers and policy makers now consider a whole systems 
approach [11, 12], which incorporates mapping of the 
complex, interacting factors which result in dietary out-
comes, tailored to the specific context, including multiple 
dynamic feedback loops and multiple stakeholders within 
the system. Whole systems models have heterogenous 
elements which interact to produce an outcome which 
differs from the individual effects of these elements on 
outcome, and which produces effects which may vary 
across time and changing circumstance [13]. Systems 
thinking, particularly when combined with simulations, 
can facilitate understanding of complex health problems 
and also guide strategic investment in policy and practice 
with lowest cost and greatest benefits [14].

Whole systems approaches are powerful tools for 
changing complex behaviours, but to be used effectively, 
the first stage requires collation of all the evidence avail-
able on determinants of the health outcome in ques-
tion, in order to ‘map’ the whole system of influence. To 
date there has been no comprehensive literature review 
of influences on preschool children’s diets. Therefore, a 

systematic scoping review of the literature available on 
determinants of food intakes in preschool children was 
undertaken. A systematic scoping review approach was 
adopted because this is the most appropriate method for 
synthesising evidence to identify key characteristics or 
factors related to a broad topic or concept, where studies 
have adopted multiple study designs, and where the ulti-
mate aim is to explore the range and extent of research 
to bring together important concepts, results and gaps in 
the evidence [15–17]. We have applied an ecological sys-
tems model to structure the evidence. Ecological systems 
models are well established in children’s eating behaviour 
literature; for example, Davison and Birch (2001) [18] 
described the use of this approach to understand child 
overweight, in which child factors, such as gender or age, 
are embedded in the family, which are in turn situated in 
communities and larger societal influences. Here, we use 
an ecological systems approach to structure the evidence 
according to the level of influence on children’s diets, at 
the individual (child) level, parent level, household level, 
childcare centre level or wider societal level.

Methods
We followed the methods as outlined by the Joanna 
Briggs Institute for conducting a systematic scoping 
review [15, 16] and completed the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA-ScR) extension for scoping reviews checklist 
[19] (Additional file 1).

Search strategy
The full a priori search protocol is shown in Addi-
tional  file  2. The databases Medline, Embase, Scopus, 
Web of Knowledge, PsychINFO and the Cochrane 
Library were searched by two researchers (MJ and KE) 
in May 2019 using the search terms shown in Addi-
tional file  2. The databases OpenAire, EThOS, and Pro-
quest, were also searched to identify grey literature and/
or theses. In addition, bibliographies of relevant review 
articles were screened to identify any additional articles 
to include in the selection process. The search was rerun 
in May 2021 to identify any new articles which had been 
published between the initial search and submission of 
the article (n = 32 included for review).

Study selection
Articles were excluded from the process according to the 
inclusion/exclusion criteria shown in Table 1. The study 
team discussed the inclusion/exclusion criteria at length, 
it was important to be inclusive enough to address the 
research question whilst having limits in order to give 
clarity to the application of the results to a specific popu-
lation. To remove some of these exclusion criteria would 
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have rendered the review too large and difficult to present 
and interpret. In particular the researchers narrowed the 
study selection to preschool children (but not infants), 
without clinical conditions, living in developed coun-
tries, with a dietary intake variable as an outcome vari-
able, and those published before 2000. The researchers 
defined included outcome variables as ‘any assessment 
of food, drink or energy intake’, even if a specific behav-
iour was being assessed ‘e.g. eating in the absence of hun-
ger’. In order to refine the articles returned in the initial 
searches the list of titles was divided equally between the 
researchers (MJ and KE) for screening. Once the initial 
title review was complete the remaining articles were 
imported into ENDNOTE to allow for duplicate removal. 
This was followed by a screening of the abstracts of the 
remaining articles, again the list of abstracts was divided 
between the two researchers for screening and a random 
sample of 20 abstracts were screened by both researchers 
to ensure consistency in the inclusion/exclusion process. 
There were no discrepancies between the researchers in 
the consistency check. Once articles had been refined by 
undergoing title and abstract review the remaining full 
text articles were read by both researchers and a final 
list of included manuscripts was compiled. Throughout 
the review process (title, abstract and full-text screening 
stages) the research team met weekly and any uncertain-
ties on article inclusion/exclusion were discussed until 
consensus was reached.

Synthesising the data
The included full text articles underwent data extrac-
tion into a standardised table which collected the fol-
lowing information: Year of study and publication, 
Country of study, Aims/purpose, Study design, Study 
population (sample size, type e.g. children, parents, nurs-
ery staff, age), Intervention (if applicable), Comparison 
group (if applicable), Independent variable(s), Outcome 

variable(s), Outcome measurement method, Key findings. 
As data were extracted the researchers began organising 
the data into their ecological level of study e.g. individual 
(child) level, parent level, household level (social or phys-
ical environment), childcare centre level or wider deter-
minants (e.g. advertising). Some studies included factors 
at more than one ecological level in which case they 
could be included in more than one analysis document, 
the ecological levels which most commonly overlapped 
were those at the child and the parental levels. Once 
studies were organised by ecological level the focus of 
the studies were clustered. For example, within the child 
level, all studies which included child food neophobia as 
an influence on food intakes were identified. At this point 
the study designs and populations included were sum-
marized in order to provide information on the number 
and types of studies which address each type of influence 
on children’s dietary intakes. A summary table of all the 
included articles is included in Additional  file  3. As the 
aim of a scoping review is not to provide an in-depth 
synthesis of the results of the papers reviewed but rather 
to examine the breadth and extent of the evidence avail-
able on a topic [15, 16], only key findings (i.e. results from 
final, fully adjusted models) were included in the review 
and are summarised in the results section.

Results
The numbers of articles identified and excluded at 
each process described in the methods is depicted 
in the flow diagram in Fig.  1. In total 21,129 articles 
were subject to title review, following which 985 arti-
cle abstracts were screened. After exclusion of 569 
articles based on information in their abstracts 416 
full-text articles were screened and a final total of 246 
articles were included in the review. The main reasons 
for exclusion following full-text review was that the 

Table 1 Inclusion/exclusion criteria

Inclusion Exclusion

Population under primary-school age (< 5–7 years depending on country), 
and over 2 years

Population attending full-time schooling

Outcome is solid food or drink not designed for babies/weaning Outcome is food/drink designed for babies/weaning stage

Free-living population without a clinical condition Children with a clinical condition e.g. children with ADHD. Not including 
obesity

The outcome (dependent) variable is an assessment of food/drink/energy 
intake

Dietary intake is not an outcome (dependent) variable

Studies in developed countries (as defined by United Nations 2019) Studies conducted developing countries (as defined by United Nations 
2019)

Studies conducted 2000-present Studies conducted before 2000

Articles published in English Articles written in a language other than English
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participant’s ages fell out of range, or an assessment 
of dietary intake was not considered an outcome in 
analyses.

In total we reviewed 246 articles which assessed the 
influence of 94 factors on children’s dietary intakes 
(see Fig. 2). A summary of the 246 articles included in 
the review is included in Additional file  3. The larg-
est proportion of research was completed in the USA 
(n = 120 49%), followed by the UK (n = 39 16%), Aus-
tralia (n = 23 9%) and Netherlands (n = 11 5%). Most 
of the studies were cross-sectional analyses (n = 109 
44%), followed by experiments (n = 50 20%), interven-
tions (n = 40 16%), longitudinal analyses (n = 36 15%), 
and observational studies (n = 11 5%). A summary of 
the influences identified are organised by ecological 
level and described below, the superscript  reference 
numbers refer  to each article described in the results 
section and its position in the summary table in Addi-
tional file 3.

Child level
In total 73 articles reported findings at the child level of 
which n = 39 (53%) were ‘multi-level’ and considered fac-
tors at the parent, home and/or wider levels as well. Two 
thirds of articles were of cross-sectional design (n = 46 
63%) and the remainder either longitudinal (n = 16 22%), 
experimental (n = 9 13%) or interventions (n = 1 2%).

Child demographics and other characteristics
There were 36 included articles which reported associa-
tions between child demographics or other characteris-
tics (e.g. BMI) and diet. Twelve articles included findings 
related to child age, and the results were largely consist-
ent in that as children’s age increased diet quality tended 
to decrease (4, 7, 31, 54, 60, 82, 94, 120, 126, 150, 189, 244).

Nine articles reported associations between child sex 
and diet, although the findings were mixed. Being male 
was found to be associated with a less healthy diet (128, 

169, 170, 232) and more eating in the absence of hunger (7, 

Fig. 1 Flow diagram showing the screening process to identify articles for review
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95), 2 studies reported a moderation effect (68, 95, 232). Girls 
were found to consume more vegetables (39, 141), or more 
unhealthy snacks when parents restricted snacks (68).

Findings related to child’s ethnicity were reported in 
ten articles and were also conflicting (26, 54, 105, 134, 169, 170, 

171, 174, 236, 244). Most studies compared diets of ‘white’ chil-
dren with other ethnicities i.e. Asian, Hispanic, African-
American. There was no clear direction of the findings 
and the way in which participants are grouped according 
to ethnicity is inconsistent across studies.

There were six articles which reported findings in rela-
tion to child’s siblings or birth order. The findings were 
fairly consistent with n = 5 studies reporting that chil-
dren with more, or older, siblings had less healthy diets 
(72, 135, 144, 169, 170). In children with no siblings n = 1 study 
reported lower diet diversity and adequacy (10).

Child BMI/weight status was assessed as a predictor of 
child diet quality in six studies. Again, the findings were 
mixed. Being underweight was associated with lower diet 
diversity and adequacy (10) and having a higher BMI was 

associated with a greater food intake when larger por-
tions were offered (208) and with greater consumption of 
sugar-sweetened beverages (35), or energy (74), compared 
with healthy-weight counterparts. In contrast, two stud-
ies reported null findings, with no associations between 
child BMI/weight status and intakes of sugar-sweetened 
beverages (31) or eating in the absence of hunger (7).Two 
articles assessed the relationship between children’s sleep 
and diet quality (113, 155). One study found that variation 
in weekend versus weekday sleep was associated with 
indicators of poorer diet quality (113) and the other study 
reported shorter sleep duration was positively associated 
with eating in the absence of hunger (155).

Child biological characteristics
There were 10 articles which assessed biological traits 
of the child in relation to food intakes. More than half 
of these (n = 6) focused on genotypes or polymor-
phisms related to the ability to taste bitter compounds 
(12, 34, 103, 119, 168, 183). Of these studies, four consistently 

Fig. 2 Ecological model showing all factors assessed in relation to children’s dietary intakes in the articles reviewed, and the number of articles 
which assessed each factor
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found that children who were genetically predisposed 
to taste bitter compounds more strongly consumed 
more foods high in sugar (34, 103, 119, 183). One study 
reported that ‘non-tasters’ were more likely to consume 
bitter vegetables than tasters (12) however other stud-
ies did not find differences in vegetable consumption 
between groups (103, 119) and one intervention found 
that increased exposure to turnip was associated with 
an increase in consumption, regardless of taste geno- or 
phenotypes (168).

Two studies assessed child hair cortisol concentra-
tions, as a marker for stress, finding that higher cortisol 
concentrations were associated with a less healthy diet. 
(131, 220)

One study each focused on assessing variations in, 
dopamine signalling capacity (206), and the FTO-gene 
(233) and reported positive associations with children’s 
sugar intake, and sweet-biscuit intake, respectively.

Child non‑food related psychological characteristics
Non-food related psychological characteristics were 
investigated in 8 studies and included depressive and 
anxious traits (90, 225), sociability (101, 222), surgency (118, 

225), impulsivity (15), emotion dysregulation (106) and 
executive functioning (191). The two articles which 
assessed depressive/anxious traits were conflicting, 
as were the results reported in the studies assessing 
sociability, and surgency, with vegetable consump-
tion. Finally, studies assessing impulsivity or executive 
functioning showed no significant association with 
children’s diet. However, the study assessing emotion 
dysregulation (106) showed that higher child emotion 
dysregulation was associated with more obesogenic 
food consumption, but only when their caregiver’s 
emotion dysregulation was also high.

Child eating behaviours
A total of 29 articles assessed children’s eating behaviour 
and diet. The majority of these assessed ‘picky eating/
food fussiness’ (n = 16, 55%) (18, 22, 28, 33, 56, 75, 101, 102, 105, 

116, 171, 189, 198, 215, 218, 223). Food neophobia was assessed in 
five articles (38, 39, 115, 157, 232) and others considered food 
responsiveness (18, 90, 208), food preference (90, 149), per-
ceived taste/smell sensitivity (43), enjoyment of food (39, 

75, 222), over- and irregular eating (56), snacking behaviours 
(72) and appetitive self-regulation (83). All articles reported 
consistent findings that children who were perceived to 
be more picky/fussy eaters had poorer diet quality (18, 22, 

28, 33, 56, 75, 101, 102, 105, 171, 189, 196, 218, 223). Although conceptu-
ally separate, similar relationships were reported between 
child food neophobia and diet, with those who were more 

neophobic consuming fewer fruits and vegetables (38, 39, 

115, 232) or being less likely to try a novel vegetable (157).
Consistently, articles reported that food responsiveness 

had a positive relationship with diet quality and/or novel 
food acceptance (18, 90, 208). Furthermore, children who 
had higher ratings of their liking of fruits and vegetables 
(90, 149), and those who enjoyed their food more (39, 222), 
tended to consume more fruits and vegetables. However, 
one study showed that enjoyment of food was associ-
ated with higher energy intakes, but moderation analyses 
showed this only to be significant in children with a high 
BMI (75).

Parental level
In total, 118 papers examined factors at the parental 
level and their impact on children’s diet. Of these, 39% 
(n = 46) were multi-level studies, considering the rela-
tive influence of factors at other ecological levels as well. 
Most were cross-sectional by design (61% n = 72), with 
14% (n = 17) longitudinal, 12% (n = 14) interventions, 7% 
(n = 8) experimental and 5% (n = 6) observational.

Parent demographics
A total of 28 studies reported findings focused on paren-
tal demographic characteristics and children’s diet. 
Parental education was the most commonly reported in 
n = 20 studies with entirely consistent results showing 
a positive relationship between parental education and 
children’s diet quality (7, 10, 72, 89, 108, 128, 130, 137, 149, 154, 164, 169, 

170, 171, 177, 179, 188, 200, 221, 237). Other socioeconomic factors 
studied included income, employment, marital status 
and housing tenure. Household income was assessed in 
n = 7 studies. Results were consistent with studies report-
ing that lower incomes were associated with poorer diet 
quality (72, 81, 130, 169, 171,177, 200). Parental employment 
was a focus of 6 studies with conflicting results. Mater-
nal employment has been shown to be associated with 
poorer patterns of diet in children (169, 185). On the other 
hand, having parents working has been associated with 
greater fruit and vegetable intakes in children (177). Fur-
thermore, children of non-working mothers have been 
shown to have lower (179) and higher (171) intakes of junk 
foods. Marital status was reported in 3 studies, with con-
sistent results: children with mothers who were married/
cohabiting tended to have better diets than those who 
were single (171, 177, 226).

Parental age was reported in n = 8 studies, which were 
consistent in their overall findings. Some studies showed 
that younger parents tended to have children who had 
more unhealthy dietary patterns (128,177, 226), or consumed 
more SSB (130). Furthermore some studies reported that 
older parents tended to have children who had a better 
quality diet (137, 169, 171, 177). Parental (rather than child) 
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ethnicity was a focus of 5 studies (105, 135, 164, 169, 171). The 
results were mixed with no clear directions of an asso-
ciation. The relationship between maternal smoking 
status (both current status and during pregnancy) and 
children’s diet was assessed in 6 studies. The results were 
consistent with smoking status being inversely associated 
with aspects of children’s diet quality (72, 128, 135, 169, 170, 226).

Parental BMI and children’s diet quality was the focus 
of 7 studies with consistent findings. Lower maternal 
BMI has been associated with better overall diet quality 
in children (72). In contrast, higher parental BMI has been 
associated with increased sugar (60, 143), junk food (64, 185, 

226) and snack intakes (89) in children.

Parental food consumption
In total, 25 studies focused on the relationship between 
parents’ dietary intakes and children’s dietary intakes. 
Whether the studies assessed parent and child’s whole 
dietary patterns (72, 94, 130,224), fruit and vegetable intakes 
(39, 43, 44, 84, 102, 105, 117, 136, 149, 221, 222, 232, 241) snack intakes 
(149, 237), sugar-sweetened beverage intakes (36, 81, 221, 237), 
or other dietary elements (47, 55, 62, 66, 129, 237), every study 
reported a positive relationship between the dietary 
intakes of parents and that of their young children.

Parent psychological characteristics
Psychological characteristics of the parents and their 
relationship to child dietary intakes were reported in 
n = 17 studies. The most common psychological char-
acteristic studied was parental self-efficacy (a person’s 
belief in their ability to carry out a behaviour), which 
was reported in 8 studies. There was considerable varia-
tion in the domains of self-efficacy assessed and no clear 
direction of effects could be concluded, with 4 studies 
reporting a positive relationship with children’s diet qual-
ity (85, 114, 197, 243) and 4 reporting no association (36, 37, 97, 

136). Three studies examined parental perceived general 
control (36, 114, 150), of which 2 reported a positive rela-
tionship with children’s quality of diet (114, 150). A further 
three studies (109, 151, 234) demonstrated that a poorer par-
ent-child relationship was consistently, negatively associ-
ated with children’s diet quality. Two studies showed that 
greater negative affectivity in parents was associated with 
poorer diet quality in children (225, 245). Two studies also 
assessed parenting style (151, 243) showing that maternal 
warmth was associated with greater fruit and vegetable 
consumption in children, whereas parental hostility was 
associated with greater snack intake. Negative emotion 
regulation (24), depressive symptoms (230), parental locus 
of control (245), and stress (234) were all associated with 
aspects of a poorer diet in children. In contrast, parent 
perception of child weight status (136) and their child’s 
school readiness (214) were both associated with greater 

fruit and vegetable intakes in children. The limited num-
ber of studies focusing on these individual characteristics 
means consistency of findings cannot be evaluated.

Early feeding practices
Early feeding practices refers to the way in which par-
ents fed their children when they were infants. This has 
been reported in relation to children’s dietary intakes in 
the preschool years in 14 studies included in this review. 
Most studies (n = 12) reported the associations between 
breastfeeding duration and later child diet, with consist-
ent results (10, 23, 37, 39, 50, 76, 128, 135, 137, 158, 161, 215). Mothers 
who breastfed their child for longer had children with 
better quality diets. Other early feeding practices stud-
ied included timing of introduction of solids (37, 76, 158, 

215), number and type of foods tried during introduction 
of solids (146) and food texture introduction (171) although 
the results between these factors and children’s diet qual-
ity were inconsistent, with no clear direction of effect.

Feeding practices
Feeding practices refer to the types of strategies used by 
parents to manage their children’s dietary intakes. The 
relationship between parental feeding practices and chil-
dren’s diets has been extensively studied with n = 44 arti-
cles identified in our review. Feeding practices studied 
included pressure to eat, modelling food intake, restric-
tion of food, prompting/encouragement, monitoring, 
use of rewards and use of food for emotion regulation. 
Largely consistent findings have been reported in studies 
assessing pressure to eat (n = 16 studies (8, 58, 70, 80, 87, 95, 101, 

111, 112, 116, 141, 151, 222, 223, 232, 245)), modelling (n = 11 stud-
ies (18, 37, 84, 87, 100, 101, 116, 141, 187, 205, 220)) and prompting/
encouragement of food intakes (n = 8 studies (18, 59, 79, 116, 

143, 149, 205, 222)). Pressure to eat has largely been associated 
with aspects of poorer quality diets in children, although 
2 studies reported null associations (111, 223). Parental 
modelling (eating the same food as the child at the same 
time) and prompting/encouragement have largely been 
associated with aspects of better quality diets in children. 
Parental use of restriction of foods in relation to chil-
dren’s dietary intakes was the most frequently assessed 
feeding practice, reported in 20 studies (16, 20, 21, 42, 58, 68, 69, 

78, 87, 90, 95, 111, 115, 160, 181, 187, 205, 223, 232, 245) but the findings 
were equivocal. However, those studies which separated 
out types of restriction into categories of overt (obvi-
ous to the child) and covert (less obvious to the child) 
(n = 5) yielded consistent findings, with covert restric-
tion being associated with better quality diets compared 
to overt restriction (20, 21, 58, 115, 160). Parental monitoring 
of food intake was reported in 6 studies with no consist-
ent effects reported (15, 58, 95, 112,149, 205). Use of a reward 
(either food or non-food based) was reported in n = 5 
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studies, which found that use of food-based rewards was 
associated with aspects of poorer diet quality (122, 139, 221) 
whereas non-food rewards e.g. praise, were associated 
with greater vegetable consumption (100, 116, 221). Three 
studies reported consistent inverse associations between 
use of food for emotion regulation and children’s dietary 
 quality(17, 122, 139). Finally n = 12 studies analysed mod-
erating or mediating effects of some child or parental 
characteristics on the relationship between parental 
feeding practices and children’s dietary quality (15, 18, 42, 

68, 70, 90, 95, 116, 118, 143, 181,232). For example, parental pres-
sure to eat was only found to be associated with eating in 
the absence of hunger in boys (95), whereas restriction of 
snacks was associated with increased snack intake only in 
girls (68). Furthermore, maternal prompts and modelling 
of novel food was associated with a higher likelihood of 
novel food acceptance in higher food responsive children 
(18), in another study novel food acceptance was higher 
following maternal prompts in children whose mothers 
had obesity (143).

Feeding style
Parental feeding styles refer to the way in which parents 
interact with children around food within the framework 
of general parenting styles (99). The relationship between 
parental feeding styles and children’s dietary intakes were 
the focus of 9 studies in the review. Parental feeding styles 
were assessed in a number of different ways, with no one 
measure being more frequently used than another, so 
findings with children’s dietary intakes were mixed. Two 
studies indicated that authoritative feeding style was pos-
itively associated with fruit and vegetable intakes (6, 182), 
whereas authoritarian (6, 182), indulgent or uninvolved (99, 

181) feeding styles were inversely associated with aspects 
of children’s dietary quality in the studies which included 
these assessments. Parental responsiveness and demand-
ingness showed null results with children’s diet quality in 
the two studies which assessed these (20, 140). Finally, non-
directive feeding (174), mindful feeding (60), and encour-
aging, feeding styles (108) were all associated with better 
quality diets, whereas instrumental feeding style (108) was 
associated with poorer diet quality.

Parent level interventions
We identified 15 intervention studies in which parents 
were the target for improving children’s dietary intakes 
(11, 49, 57, 93, 125, 145, 166, 172, 176, 194, 216, 217, 227, 238, 242). Exact 
mechanisms targeted in the intervention studies varied, 
although there were some general similarities, with the 
most common intervention targets being parents’ nutri-
tion education/knowledge (n = 8 (11, 49, 57, 125, 166, 172, 194, 

238)) and/or parental feeding practices (n = 6 (49, 93, 145, 

176, 216, 227)). The delivery of the interventions also greatly 
varied with some using printed newsletters (93, 194, 216, 

242), text messages (166), phone calls (216, 242) websites (125, 

166), mobile phone apps (172), CD’s (57, 172) and/or face-to-
face interactions (11, 49, 93, 145, 166, 217, 238). Effects on chil-
dren’s dietary quality were inconsistent due to variation 
in delivery, intensity, length to follow-up and outcome 
assessed. However there was some evidence that increas-
ing parental nutritional knowledge (49, 57) and/or paren-
tal modelling of fruit and vegetable consumption (49, 93) 
was associated with improvements in children’s dietary 
outcomes.

Household level
There were 38 studies which reported associations 
between factors at the household level and children’s 
quality of diet. Of these 65% (n = 24) were multi-level 
studies which assessed the relative influence of factors 
at the parent and/or child level as well. The majority of 
studies were cross-sectional analyses (n = 28; 74%), with 
the remainder being longitudinal (n = 7; 18%) or inter-
vention studies (n = 3; 7%).

Family characteristics
The relationship between various family characteristics 
and children’s dietary intakes were assessed in 10 studies, 
although there were few similarities between the studies. 
Three studies considered factors relating to family rela-
tionships i.e. family functioning (164), family cohesion (148) 
and/or household chaos (7, 148). Higher family function-
ing and cohesion were associated with aspects of better 
diet quality in children (148, 164), whereas household chaos 
showed mixed findings related to child diet in the 2 stud-
ies which reported it (7, 148). Five studies focused on the 
perceived importance families gave to food e.g. family 
food involvement (152), having policies about eating as a 
family (179), or frequency of family meals (47, 114, 235), all of 
which were associated with aspects of better diet quality 
in children. Finally, only one study each considered the 
influence of mealtime emotional climate (199), and fami-
lies’ perceived financial difficulty (207). A positive emo-
tional climate was associated with higher healthy food 
consumption (199), whereas more financial difficulty was 
associated with poorer diet quality (207).

Food availability and accessibility
The most frequently studied factors at the household 
level was home food availability (n = 13 studies) and 
accessibility (n = 7 studies). Home food availability 
refers to whether a food group or item(s) are present 
within the child’s home (e.g. there is fruit at home), 
whereas food accessibility refers to whether a food 
group or item(s) are accessible by the child (e.g. there 
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is a fruit bowl within the child’s reach). Associations 
reported between food availability and children’s qual-
ity of diet were largely consistent with 11 of the 13 
studies reporting that higher availability of a food 
group e.g. fruit and vegetables, and/or SSB, was asso-
ciated with higher consumption of that food group (19, 

29, 66, 84, 129, 134, 140, 149, 174, 204, 212, 241). One study reported 
non-significant relationship between food availabil-
ity and children’s overall quality of diet (37). Similarly, 
of the 7 studies which reported relationships between 
food accessibility and children’s dietary intakes, 5 found 
consistent relationships with either greater accessibility 
related to greater intakes of that food (85, 204, 241), or that 
restricting access was related to lower consumption (179, 

212). One study reported no significant effect (19), and 
one study found that accessibility moderated a relation-
ship between parental use of restriction and children’s 
eating in the absence of hunger (42).

Home environment
A total of 11 studies reported associations between 
aspects of the physical home environment and chil-
dren’s dietary intakes. The majority (71%; n = 9) focused 
on child’s use of screen time or television viewing either 
as a total time spent using a screen (10, 114, 135, 147, 149, 153, 

237) or specifically during mealtimes (175, 235). All 9 studies 
reported a consistent relationship that higher frequencies 
of screen time was negatively associated with aspects of 
children’s diet quality. Other aspects of the home envi-
ronment considered were the home literacy environment 
(184) which was positively associated with children’s fruit 
and vegetable intakes, and the calories consumed from 
snacks provided in the home versus out-of-home (110) 
indicating that out-of-home snacks were more calorie 
dense.

Household level interventions
Three intervention studies specifically focused on aspects 
of the home environment to change children’s’ dietary 
intakes. Two interventions involved home visits (93, 156), 
whereas in the other parents received the intervention 
over the phone (240). Two of the interventions focused on 
fruit and vegetable availability or accessibility/provision 
and the other intervention allowed parents to choose 
the focus (either limiting screen-time, increasing fam-
ily meals, making time for physical activity or improving 
the bedtime routine). Both interventions which improved 
home fruit and vegetable availability or provision 
reported some increases in children’s intakes of these, 
relative to the control group (93, 156).

Childcare level
Of 24 studies which examined factors at the child-
care level related to quality of children’s diets, 7 studies 
focused on modelling (either peer or adult) occurring 
within childcare settings, 8 evaluated interventions 
which took place in childcare settings, and the remaining 
9 examined factors in the broader childcare environment 
(e.g., number of days in childcare, care provider’s feeding 
practices, education). Of the 24 studies, 4 were ‘multi-
level’ and considered the relative influence of factors at 
child, parent, household or wider determinant levels. At 
this level 33% (n = 8) were cross-sectional analyses, 33% 
(n = 8) were interventions, 17% (n = 4) were experimen-
tal, 13% (n = 3) were observational and 4% (n = 1) was 
longitudinal.

Modelling
Modelling studies examined the effect of peer mod-
els (n = 5) and adult models (n = 2) on children’s die-
tary quality. Five studies reported that children model 
their peers’ eating behaviour (86, 98, 189, 213, 229). One study 
reported that female peer models influenced eating 
behaviour, but male peer models did not (98). There was 
variation in the longevity of peer modelling effects (98, 229). 
Two studies found a positive effect of adult modelling on 
children’s dietary intakes (1, 229).

Childcare environment
A variety of factors within the childcare environment 
were studied. One of the nine studies reported that pre-
school nutrition education for children was associated 
with better dietary quality (and there was a moderation 
effect by maternal educational level (117). Childcare staff’s 
nutritional knowledge was assessed in one study that 
showed a positive relationship with children’s dietary 
diversity and quality (14). Four studies reported on the 
association between attendance at childcare centres and 
diet quality, suggesting that greater attendance was asso-
ciated with better dietary quality (9, 82, 92, 159). Inconsistent 
findings were reported about the effect of childcare staff’s 
feeding style on children’s dietary quality (91, 107). Three 
studies reported on the availability and accessibility of 
food, or food-based policies within the childcare setting 
reporting a positive association with children’s diets (9, 14, 

189).

Interventions in childcare settings
Eight studies utilised an intervention design in the 
childcare setting. Three studies manipulated the food 
presented to children using exposure, modelling and/or 
reward. Of these, one study found that modelling com-
bined with reward was effective at increasing fruit and 
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vegetable consumption (104). The effect of exposure on 
vegetable intake had mixed findings in two studies (173, 

246). Interventions that provided children with nutrition 
focused education (n = 3) reported mixed findings of 
the effect on F&V consumption (88, 163, 237). Two stud-
ies focused on providing childcare staff with nutrition 
education (13, 238), however these were part of an inter-
vention package which involved teaching children and 
parents as well and so the relative influence of training 
the childcare staff could not be determined.

Wider level
The wider determinants of children’s dietary quality 
have been separated into 2 categories. External influ-
ences are those beyond the child, parent, household 
and childcare ecological levels e.g. cartoon characters 
on packaging or in adverts, which could potentially 
influence a child in a variety of settings. The second 
category is ‘manipulation of food served’, these stud-
ies assessed a broad concept of how changing the way 
that a food is served may affect child’s intake, which 
is also an influence which has been studied independ-
ent of ecological level and could potentially occur in 
a variety of levels (for example, manipulating portion 
sizes in household or childcare settings). There were 
55 studies which considered wider level influences on 
children’s dietary intakes, n = 21 which were classed 
as external influences and n = 34 which manipulated 
food served to children. At this level most studies were 
experimental (n = 38, 69%), with the remainder being 
interventions (n = 11, 20%), longitudinal (n = 3, 5%) or 
cross-sectional (n = 3 5%).

External influences
Exposure was the most commonly assessed external 
influence. The effect of increasing exposure to foods via 
non-food related methods was assessed in n = 6 stud-
ies. These included promoting fruit and/or vegetables 
via: a maths game mobile phone app (65), story/picture 
book (30, 180), motivational theatre (puppet show) (177), 
placemats (192), or sensory play (45). All of these stud-
ies reported positive results with increases in children’s 
fruit and/or vegetable consumption. In total 5 stud-
ies assessed the effect of using cartoon characters to 
promote foods on children’s intake of that food (46, 121, 

127, 186, 193). The results were largely consistent show-
ing that using cartoon characters resulted in increased 
consumption of that food in pre/post experiments, 
although one study reported no effect (186). The effect 
of children’s exposure to food advertisements on televi-
sion and their food intakes was reported in 4 studies (48, 

61, 62, 63). These all focused on advertisements for less 

healthy foods and reported positive associations with 
less healthy food consumption (48, 62, 63) or eating in the 
absence of hunger (61).

The effect of offering a non-food reward to consume 
healthy food was assessed in 3 studies and showed a 
consistent positive effect on children’s food intake (40, 

67, 190). Finally, one study each reported positive asso-
ciations between children’s dietary intakes and giv-
ing healthy food ‘fun’ names (162), and tactile play 
enjoyment (44). There was also a positive relationship 
reported between children’s beverage intake and that 
of their peers, even when the peer was remote (123). 
Dietary intakes indicative of poorer quality diets were 
reported in children who ate more in restaurants ver-
sus home (159), watched a cartoon whilst eating (77), and 
whose mother reported the child’s grandmother as 
their main source of feeding/nutrition information (126).

Manipulation of food
The studies which tested the effect of manipulat-
ing foods on children’s food intakes could be grouped 
into 5 sub-categories: 1) alteration of portion size, 2) 
increasing exposure using food-based methods, 3) 
alteration of a food flavour by pairing it with another 
food e.g. serving vegetables with a dip, 4) alteration of 
energy density, or 5) alteration of visual appearance.

The effects of portion size on children’s intake was 
the focus for n = 8 studies (124, 138, 178, 201, 203, 208, 209, 211) of 
which the results were consistent: when larger portions 
were offered to children more of the food (or increased 
kcal) tended to be consumed. There was some sugges-
tion that child BMI may moderate this association (201, 

208). The effect of repeated exposure to foods (using 
the physical food itself ) on children’s food intakes was 
reported in n = 14 studies, which also showed consist-
ent effects. Children tended to consume more of the 
food following repeated exposure to it (3, 5, 25, 51, 52, 53, 

67, 71, 73, 96, 165, 168, 195, 231). The effect of altering the fla-
vour of foods on children’s food intake was reported 
in n = 10 studies, however the results were mixed. 
Most identified a positive effect on overall intake of the 
altered food (always a vegetable) (5, 25, 32, 52, 96, 198, 202) 
whereas two showed no effect (2, 41) and one only found 
an effect in bitter-sensitive children (124). Altering the 
energy density of foods was assessed in n = 7 studies 
with mixed results. Four of the 7 studies reported no 
significant effect of altering energy density on children’s 
food intakes (51, 96, 124, 138), whereas 3 studies found a 
beneficial effect (132, 133, 210). Finally altering the visual 
appeal of food was assessed in 3 studies. There was no 
effect of altering the visual appeal of foods on children’s 
food intakes (26, 27, 41).
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Discussion
In this article we have collated and summarised the 
breadth of evidence generated over the last 20 years 
assessing key influences on dietary intakes of preschool 
children in developed countries. The articles reviewed 
had identified multiple factors at many ecological lev-
els, and thus highlights the complexity of the system 
that shapes the establishment of dietary habits in pre-
schoolers. Although a formal assessment of the quality 
of the evidence is beyond the scope of a systematic scop-
ing review, it is of note that study designs and outcome 
assessments varied widely. The majority of the evidence 
comes from cross-sectional surveys, followed by experi-
ments, longitudinal surveys and interventions. Despite 
the wealth of evidence from cross-sectional studies, the 
direction of the association is inferred, which cannot be 
determined from this type of study design. In fact many 
of the associations could be causal in the opposite direc-
tion than suggested, exist in feedback loops, or not be 
causally related at all. The application of systems mod-
elling analyses e.g. agent-based modelling, would allow 
exploration of the dynamic relationships between these 
factors and is an important next step in the evaluation 
of children’s dietary intakes. The outcome assessed also 
varied greatly. Most studies focused on dietary intakes 
which were indicative of a more or less healthy diet 
i.e. fruit and vegetable, and/or energy-dense nutrient-
poor food intakes, with fewer studies assessing qual-
ity of whole diet. Furthermore, most used subjective, 
parent-reported, methods of dietary assessment, with 
the exception of experimental studies which tended to 
use objective measures e.g. weighed portions. A wealth 
of research has assessed the validity (or relative valid-
ity) of various parent-report dietary assessment meth-
ods and most conclude that subjective assessments are 
adequate for ranking populations according to diet qual-
ity/food group consumption [20]. Therefore, from a sys-
tems thinking perspective, the evidence can be collated 
to reflect influences which are generally beneficial or 
detrimental to children’s quality of diet. However, were 
the focus on more precise outcomes e.g. energy intake, 
capacity for collating the findings of the literature is chal-
lenged by both the heterogeneity of outcomes assessed 
and the methods of their assessment across the evidence 
base.

Factors affecting child dietary quality at the child level 
were commonly studied, including those of biological, 
demographic and psychological origin. There were few 
consistent findings within the factors at this level. How-
ever, the associations between food pickiness/neophobia 
on children’s dietary intakes were overwhelmingly the 
most common focus and these associations were firmly 
consistent, showing that picky or neophobic eaters tend 

to have poorer diet quality. Whilst there were some stud-
ies which considered the moderating effects of child eat-
ing behaviours in the relationship between other factors 
e.g. parental feeding practices and children’s diet qual-
ity, the evidence available on these interactions is scarce. 
From what is available it seems that influences on chil-
dren’s diet quality may work differently according to chil-
dren’s levels of food fussiness or food responsiveness [21, 
22]. Differences in the way in which parents feed their 
child according to child traits such as food fussiness or 
temperament, have been the focus for a number of stud-
ies [23–25], however most do not go on to explore those 
effects on dietary outcomes and therefore could not be 
considered in this review. The role that differences in 
children’s food-related psychological traits play in inter-
actions with parental and environmental influences 
would be important considerations when simulating the 
system of influences on children’s diet quality, in order to 
better understand what works, for whom and under what 
circumstances.

Of the 246 included articles the majority (n = 118) 
included factors at the parental level. This is understand-
able as parents tend to be responsible for providing food 
on behalf of their child [26]. Although studies often define 
influences at the ‘parent’ level, the majority of respond-
ents in these types of study are mothers, although not 
all studies reported the proportion of mothers in their 
participant characteristics. Only two studies included in 
this review specifically focused on the role of fathers so 
there is a clear gap in the literature [27, 28]. The effects 
of both caregivers, individually and/or together, within 
the system of influence could be important to untangle. 
At the parental level ‘feeding practices’ and ‘demograph-
ics’ were the most commonly assessed influences, and 
factors within these themes also provided the most con-
sistent evidence. Perhaps unsurprisingly, this meant that 
some interventions at the parental level aimed to target 
feeding practices. Although more interventions were 
targeted at increasing nutrition education/knowledge 
of parents, from our review it is unclear as to whether a 
lack of nutrition knowledge was actually a determinant 
of poorer diet quality in children. As highlighted in a 
recent Cochrane review (2020) [29], interventions aimed 
at improving fruit and vegetable intakes of under five-
year-olds have had varied effects, with poorly sustained 
results. This suggests that we do not yet know the best 
target, or delivery, for intervention, or how to tailor inter-
ventions effectively for different families. A mapping and 
simulation of the system would aid in future intervention 
design. Whilst demographic associations such as educa-
tional level and household income are well documented, 
they serve to address ‘who’ interventions could be tar-
geted to, rather than ‘what’ the target should be, because 
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demographics are deemed less malleable than behaviours 
such as feeding practices.

At the household level, factors beyond the parents 
but within the home were assessed, although many of 
these factors are likely controlled by parents. The largest 
body of evidence at this level came from the home avail-
ability of foods, and use of screen time. Fewer studies 
focused on the effects of the mealtime environment or 
other family members within the home. There was lim-
ited evidence on how factors in the home environment 
interacted with factors at the parent and/or child level, 
and their combined association with children’s dietary 
intakes. Given that preschool children are still likely 
to consume most food at home [30] and with members 
of their family, it will be important for future research 
to consider the interacting effects of factors within the 
home, parent and child on children’s diet quality. Studies 
to date largely consider factors contained within one or 
two ecological levels, and where multilevel studies have 
been conducted, analyses tend to only consider the rela-
tive influence of multi-level factors, rather than assessing 
any interacting effects. For instance factors at the child, 
parental and home level have been considered in some 
articles, however all variables are considered covariates 
in multivariate regression models, without consideration 
of interactions between these variables on the outcome 
[31, 32].

Whilst childcare settings were often the location to 
complete research studies assessing influences on chil-
dren’s quality of diet, it was not often the effects of child-
care per se which was the focus. With only 4 of the 24 
studies on the influence of childcare settings on children’s 
diets considering multi-level factors, findings at this level 
were infrequent and isolated, in comparison to studies 
at the other ecological levels. Data from the UK, Aus-
tralia, the USA and Canada suggest that around 60–80% 
of 3–4 year old children attend a formal childcare setting 
[33–36], so this is an important, missing piece of the puz-
zle. The evidence of the influences of childcare settings 
on children’s dietary intakes was split between the impact 
of modelling food intake (by peers or adults), and factors 
within the environment e.g. healthy eating policies, or 
provision of nutrition education. The relative impact of 
childcare settings on children’s dietary intakes is difficult 
to establish given that childcare settings vary widely and 
as a result there are a number of factors which will deter-
mine their nutrition environment, i.e. who regulates the 
setting, staff nutrition/food knowledge, budget allocated 
to food provision, etc. [37, 38]. However, characterising 
childcare settings, formal and informal, and their inter-
actions with factors at the wider and individual levels, 
to examine their impact on children’s dietary intakes, 
remains a fundamental gap in the literature.

Most of the evidence grouped at the ‘wider’ level con-
cerned experiments on the effect of the broad concept 
of manipulating food served to children e.g. altering the 
presentation of foods, rather than influences within the 
wider society. Altering food flavours or presentations 
seems to be an efficacious way of slightly increasing 
intakes of previously disliked, unknown, or under-con-
sumed foods in small scale experiments. However, the 
effectiveness of scaling up these approaches is yet to be 
established.

At a national or international level, large-scale public 
health policies and initiatives, often aim to target wider 
societal factors e.g. TV advertising [39], or taxation of 
less healthy foods [40], however, at the preschool age, 
evidence for the potential impact of these initiatives is 
largely lacking. This is partly because it is particularly 
challenging to evaluate the impact of wider societal level 
factors on outcomes at an individual level, when the eco-
logical levels are so distal and individual effects are likely 
mediated or moderated by other elements within the 
system, such as those at the household and parental lev-
els. The appreciation of this complexity is not achieved 
by traditional epidemiologic analyses. This is a key con-
sideration for future systems approaches focused on 
improving children’s diet quality, because there is not 
a one-size-fits-all solution. Better insight into how to 
evaluate changes at the wider societal level on impacts 
at the individual level, will allow researchers to simulate 
anticipated effects from future public health policies and 
initiatives.

Strengths and limitations
The literature was systematically searched and screened 
following an a priori protocol, and guidelines pub-
lished by the Joanna Briggs institute [15, 16]. A ran-
dom sample of 20 abstracts, and all full-text articles 
were reviewed by two reviewers, independently. There 
are no definitive guidelines for completing a systematic 
scoping review and other frameworks have been pub-
lished, including that by Arksey and O’Malley (2005) 
[41], which was extended by Levac et  al. (2010) [42]. 
Whilst most of the steps in the Levac et al. framework 
mirror very closely with those in the guidance from 
the Joanna Briggs institute, Levac et  al. recommend a 
incorporating consultation with stakeholders as part 
of the knowledge translation component, which the 
Joanna Briggs guidance does not. Therefore, it is pos-
sible that the knowledge translation of our review could 
have been strengthened if we had followed the Levac 
framework. Whilst a scoping review aims to be inclu-
sive, it was necessary to establish exclusion criteria. It 
is a clear limitation that we excluded studies conducted 
in middle and low-income countries, however, due to 
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the different drivers of diet quality in these populations, 
it was beyond the scope for this review. A systematic 
scoping review of the system influences on diet quality 
of young children in middle and low-income countries 
therefore remains an important gap in the literature. 
Furthermore narrowing the review to include only 
articles published since 2000 was a decision taken to 
limit the size of this review and therefore the quantity 
of evidence for some of the influences may be under-
estimated. Whilst we excluded studies conducted with 
children with clinical conditions, due to their unique 
effect of dietary intakes, we did not exclude based on 
weight status even though obesity is considered a dis-
ease. This is because most studies include populations 
with mixed weight status and do not stratify analyses 
based on weight status. Thus, to have excluded stud-
ies based on populations which included children with 
obesity would have limited the review greatly. How-
ever it should be noted that the findings in this review 
include studies of children with mixed weight status 
even though some of the drivers of dietary intakes may 
differ between these populations. Finally, as stated 
in the guidelines for conducting systematic scoping 
reviews, it is not the aim of a scoping review to assess 
the quality of the evidence available [15, 16].

Conclusions
Most of the evidence to date on influences on pre-
school children’s dietary intakes exists at the individual 
and parental level. It is important for us to understand 
this as a system in itself to estimate how wider sys-
tem changes could translate into individual behaviour 
changes. There has been substantial debate between 
researchers and policy makers about whether influ-
ences on food choices and subsequent interventions 
should be targeted at the ‘environment’ or ‘individual’, 
however this debate fails to recognise the whole sys-
tem at play. The effects of more distal public health ini-
tiatives are likely mediated and moderated by factors at 
the individual parent/child level. Individual children do 
not exist within silos and complex interactions between 
ecological levels mean that interventions may have dif-
ferent effects for different children in different circum-
stances. Going forwards, methods such as agent-based 
modelling will allow us to simulate these complex adap-
tive systems so we can evaluate these phenomena more 
accurately. It is clear that the last 20 years has generated 
a wealth of research on influences on preschool chil-
dren’s diet quality, but in order to generate evidence for 
a systems thinking approach, a greater understanding 
of the interactions between factors, across ecological 
levels, and over time, is warranted.
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