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Abstract

Objective: To associate dietary patterns and food neophobia in low-income
preschoolers.

Design: This was a cross-sectional study using a semi-structured questionnaire for
socio-demographic data, birth conditions and breast-feeding history. Food neo-
phobia was assessed using an adapted version of the Child Food Neophobia
Scale. Children’s nutritional status was assessed using BMI-for-age and height-
for-age Z-scores. Dietary patterns were estimated using a semi-quantitative FFQ
through exploratory factor analysis. Multiple linear regression was used to test
for an association between food neophobia and dietary pattern adherence.
Setting: Philanthropic childhood education schools in Aracaju, an urban commu-
nity in northeastern Brazil, between July and December 2017.

Participants: Two hundred fourteen children aged 3-6 years and their parents.
Results: The percentages of low/medium and high food neophobia among pre-
schoolers were 85-9 % and 11-2 %, respectively. Children with high food neopho-
bia more frequently consumed ultra-processed foods rich in sugars (snacks, filled
and unfilled cookies and sweets), as well as protein-rich foods (white meat, cheese
and yogurt). Three dietary patterns were identified (traditional, snacks and school
snacks). Children with a high level of neophobia had lower adherence to tradi-
tional dietary patterns.

Conclusions: A high level of food neophobia among socially vulnerable pre-
schoolers is an eating behaviour related to unhealthy eating and is associated with
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the poorest diet in typical foods.

Feeding difficulties in childhood are a matter of concern for
parents and health workers. Food neophobia is considered
a behaviour trait linked to adverse eating patterns and,
therefore, requires addressing early in childhood. Although
food neophobia does not appear to be associated with
the child’s weight status®’; it may negatively interfere
with the development of food preferences and conse-
quently with food choices and nutrient intake®.
Moreover, longitudinal studies have revealed that early
neophobic behaviour negatively impacts food intake
at later ages®%.

*Corresponding author: Email danygoes@yahoo.com

Feeding difficulties

Food neophobia is defined as the reluctance to eat or the
avoidance of new or unfamiliar foods™>. It has been
described that all children naturally present some degree
of food neophobia because it is a genetic predisposition
of omnivorous species to protect against the ingestion of
potentially toxic substances, but this reaction/behaviour
tends to decrease following the learning generated by
repeated exposure to new foods®. Thus, neophobia can
be discreetly observed in the first year of life in the introduc-
tion phase of complementary foods to breast milk, peaks
between 2 and 6 years of age and decreases at later ages'”.
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Although food neophobia is a behaviour determined by
genetic and hereditary aspects (sensory sensitivity and tem-
perament), environmental and social factors, such as eating
behaviour and parental style, and food environment (food
availability and accessibility) play a crucial role in the
behaviour intensity and duration®”. Thus, such factors
determine individual variations in the degree of neophobic
behaviour.

Although the topic of childhood food neophobia has
been extensively investigated, most studies have been
conducted with populations from developed countries
(the United Kingdom, Australia, the USA, Japan and
France)7 1913 which represent a scenario that may differ
from that in developing countries, such as Brazil, and in
families with low socio-economic conditions. Thus, due
to the lack of research on neophobia in these different envi-
ronmental and cultural scenarios, further studies on these
subjects are warranted, representing the possibility of iden-
tifying different associations.

The food intake of neophobic children is related to the
low intake of vegetables!11%1419 and in some cases, it is
also associated with low fruit intake®71319 However,
aspects such as low protein-rich food intake and increased
consumption of low nutritional quality food®>'® are still
controversial. Despite several studies evaluating food con-
sumption related to neophobia, to date, none has used the
method of dietary pattern analysis, which would allow a
multidimensional approach that considers the interactions
between nutrients and foods consumed by these children.

The dietary patterns of preschoolers in Brazil, despite
the heterogeneity between regions of the country and
socio-economic conditions of families, follow the global
trend characterised by low consumption of meat, fruits
and vegetables and high consumption of fried foods,
sweets, sodas and salt’®2V which are associated with
nutritional deficiencies and overweight. Considering that
neophobic behaviour has been associated with low diet
quality and variety'%141718 investigating dietary patterns
in groups of greater social and biological vulnerability, such
as low-income neophobic preschoolers, would better
inform policies and future interventions for prevention of
nutritional deficiencies and disorders, as well as the promo-
tion of healthy eating habits. Therefore, this study aimed to
associate dietary patterns and food neophobia in low-
income Brazilian preschoolers.

Methods

Participants

This cross-sectional study included children aged 3 to 6
years of both sexes enrolled in semi-full-time philanthropic
public schools of early childhood education located in
Aracaju, northeast Brazil. The study was conducted from
July to December 2017. Philanthropic public schools are
non-profit educational institutions that provide educational,
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pedagogical, speech-language, nutritional, legal, psycho-
logical and social assistance to children from low-income
families. These institutions are funded by nongovernmental
organisations and rely on financial, food, material and physi-
cal donations. The institutions were found through an existing
formal register, which contained the names and addresses
of the philanthropic schools incorporated into the local
education system. The first meeting with the institutions
was a phone call to schedule a meeting for clarifying the
study aims and to invite them to participate. All semi-full-time
philanthropic schools were eligible for the study (72 5).

Of the total eligible preschoolers (72 350), 238 partici-
pated in the study with their respective parents. Twenty-
four children were excluded, twenty of them due to
preexisting disease (neurological diseases, autism spectrum
disorder, allergies and/or food intolerances) and four
because of a lack of information on questionnaires fulfilled
by their parents. Written informed consent was obtained
from all the parents.

To obtain the characteristics of the studied sample (sex,
age, maternal education, birth order, gestational age, birth
weight and breast-feeding history), a structured question-
naire was provided to parents by trained interviewers
when children arrived at or left school. The Child Food
Neophobia Scale and a semi-quantitative FFQ were also
collected. For parents who were not able to complete
the questionnaire, a new date was scheduled. The children’s
anthropometric measurements were collected at school in
the week following the interview with the parents.

Food neopbobia

A validated Portuguese version of the Child Food
Neophobia Scale®®® was used to assess the parents’ percep-
tions about their child’s food neophobia. Responses were
registered on a five-point Likert scale by the degree of
agreement. Scale results ranged from ten to fifty points,
where higher scores indicated higher levels of food neo-
phobia. The classification of neophobia levels was based
on the study by Kozial-Kozakowska et al.">, where a high
level of neophobia was defined as a score >1 SD above the
mean of the study. In the present study, the mean score of
the neophobia scale was 30-5, and the sp was 7-5. Thus,
three groups were identified: a low level (<22 points),
medium level (> 23 and < 37) and high level of food neo-
phobia (> 38 points). The Cronbach’s a for the ten-item
neophobia scale applied in the present study was a = 0-86,
ensuring the internal reliability of this instrument.

Food consumption

A validated semi-quantitative FFQ was administered to
parents''. This questionnaire included fifty-six food items
divided into nine food groups (cereals, legumes, vegetables,
fruits, milk and dairy products, meats, fats, sugars and some
foods such as chips, cookies, coffee and gelatine). The
average portion of the food was defined based on the
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50th percentile of the distribution of the amount ingested.
Small portions were defined as half of the middle portions,
large portions as twice the middle portions and extra-
large portions as 2-5 times the portion averages. The
FFQ asked how often in the last 6 months the child has
consumed each item, with frequencies ranging from
0 to 10 times per d, week and month, as well as the por-
tion size consumed.

Amntbropometric measurement

The children’s weight and height were measured in duplicate
by a trained team according to anthropometric standardisa-
tion®®, Height was measured using a portable wall-mounted
anthropometer with a capacity of 213 cm and graduation of
0-1 cm, and weight was measured with a digital scale for up
to 150 kg and 100 g graduation.

The Z-scores of the anthropometric indexes of BMI-for-
age and height-for-age were calculated using WHO Anthro
Plus software, version 1.0.4. BMI-for-age was classified as
underweight (< -2 Z-score), normal weight (>-2 and
< +1 Z-score), risk of overweight (> +1 and < 42 Z-score
for children < 5 years old), overweight and obese (> +2 Z-
score for children < 5 years old) and overweight and obese
(> +1 Z-score for children > 5years old). Height-for-age
was classified as stunted (<-2 Z-score) and adequate
height (> -2 Z-score). All parents received the individual
diagnosis of their children’s current anthropometric status.

Statistical analysis

Data were tabulated in the Epidata version 3.1 programme,
except for the FFQ, which was tabulated using Microsoft
Excel, version 2013. Statistical analyses were performed
using Stata 13 software (StataCorp.), and the significance
level adopted was 5 %.

Data are presented as the means and standard
deviations for continuous variables and frequencies for
categorical variables. The Kolmogorov-Smirnov test
was performed to verify the normality of the data distri-
bution, supporting the choices of the statistical tests
employed. Student’s /-test for independent samples was
used to assess the association between food neophobia
scores and socio-demographic variables, birth conditions,
breast-feeding history and anthropometric data. ANOVA
followed by Bonferroni’s post hoc test was performed
to evaluate the association between food neophobia
scores and dietary patterns (in tertiles).

Consumption of food groups according to the level of
food neophobia was assessed using radar charts. To iden-
tify preschoolers’ dietary patterns, the FFQ was used. Foods
were grouped into twenty-four groups according to nutri-
tional value, culinary use and regional eating habits. The
food groups were submitted to exploratory factor analysis
to obtain dietary patterns. Initially, factors with an eigen-
value greater than or equal to 1-25 were maintained, retain-
ing nine factors to represent the dietary pattern. In the
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second stage, a visual inspection of the scree plot graph
was performed, which suggested the maintenance of three
dietary pattern factors. Next, a Varimax orthogonal rotation
was applied to improve the interpretability of the factor
load matrix. Factor loads greater than or equal to | 0-30 |
were considered to contribute to the dietary pattern. Three
patterns were identified: traditional, snacks and school
snacks. The three patterns retained in the factor analysis
were ‘named’ based on the interpretation of the factor
loads, eating habits, foods with higher factor loads and
traditional Brazilian cuisine. Factor scores were esti-
mated by multiple regression analysis, and each individ-
ual received a score for each dietary pattern. These
scores indicate the degree to which each participant
adhered to the pattern. The Kaiser-Meyer-Olkin (KMO)
measure of sample adequacy was used to assess data
adequacy for exploratory factor analysis.

Multiple linear regression models were used to investi-
gate the association between neophobia and adherence to
dietary patterns. Confounding factors used in the study
were selected based on earlier studies on factors influenc-
ing infant feeding and food neophobia. The dependent var-
iable was the food neophobia score. Independent variables
were dietary patterns (tertiles), adjusted for sex?#?> age®®,
gestational age'®”, birth weight®®, birth order®”, maternal
education® and BMI-for-age (Z-score)®?.

Results

The final sample consisted of 214 children and their respec-
tive parents. Most of the children evaluated were female,
5-6 years old, normal weight, term, adequate birth weight,
breastfed and with mothers with <11 years of schooling
(Table 1). The prevalence of low/medium and high food
neophobia among preschoolers was 85-9% and 11-2%,
respectively.

As shown in Fig. 1, children with low/medium neopho-
bia presented varied consumption of food groups such as
potatoes, coffee, red meat, non-leafy vegetables and choco-
late powder. By contrast, children with high neophobia
consumed ultra-processed foods (snack foods and filled
cookies), unfilled cookies, sweets, white meat, cheese
and yogurt. Low consumption of beans, fruits and tubers
(yam and cassava) was observed at both levels of neophobia.

Exploratory factor analysis identified three dietary pat-
terns classified as traditional, snacks and school snacks
(Table 2). These patterns explained 28-9 % of the total vari-
ance of the data. The traditional pattern is basically com-
posed of foods typical of the Brazilian diet and culture,
including rice/noodles, beans, yam/cassava, leafy and
non-leafy vegetables and fruits as well as unfilled cookies,
milk, cheese/yogurt, red and white meat, eggs, sweets,
chocolate powder and added sugar (positive charges).
The traditional pattern explained 13-5% of the data vari-
ance. The snack pattern included breads/cakes, sausages,
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Table 1 Characteristics of low-income preschoolers and their
parents

Sample characteristics % n

Child characteristics
Age (years)*

3-5 37-38 80

5-6 62-62 134
Sex*

Male 49.53 106

Female 50-47 108
Gestational aget

Preterm (< 37 weeks) 11.43 24

Term (37—-42 weeks) 88-57 186
Birth weight*

<25009g 11-68 25

>25009 88.32 189
Birth order*

First-born 4953 106

Not first-born 50-47 108
Breastfed*

Yes 92-06 197

No 7-94 17
BMI-for-age (< 5years)t

Normal weight (> -2 and <+1 Zscore) 63-64 49

Risk of overweight (> +1 and < +2 Zscore) 18-18 14

Overweight and obese (> +2 Z-score) 18.18 14
BMI-for-age (> 5 years or older)§

Normal weight (> -2 and <+1 Zscore) 67-83 78

Overweight and obese (> +1 Z-score) 3217 37
Height-for-agell

Stunted (< —2 Z-score) 2.01 4

Adequate height (>2 Z-score) 97-99 195
Mother characteristics
Maternal education (years)|

<11 87-50 182

>11 12.50 26

There were no underweight children (BMI-for-age <—2 Z-score) in this sample.
*n214.

tn210.

tn77.

§n 115.

Iln 199.

1in 208.

fats (margarine, butter and mayonnaise), sweets, sugary
drinks and ultra-processed foods (cookies and Cheetos)
(positive charges) and leafy vegetables (negative charge)
and explained 8:2% of the data variance. The pattern
school snacks included breads/cake, unfilled cookies
and natural juice (positive charges) and leafy vegetables,
sweets and added sugar (negative charges). The school
snack pattern explained 7-2 % of the data variance.

Table 3 presents the food neophobia scores according
to general characteristics and dietary patterns. Food neo-
phobia was more frequent among children with stunted
height (P=0-032) and among those with less adherence
to the traditional eating pattern (= 0-005).

Table 4 shows the associations between food neopho-
bia scores and dietary patterns adjusted for confounding
factors. The traditional pattern was inversely associated
with food neophobia, regardless of the other variables.
The snack and school snack patterns were not associated
with food neophobia.
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(") Rice/Noodles
Coffee Breads/Cakes
Ultra-processed foods Unfilled cookies
Sugary drinks Potato
Added sugar Yam/Cassava
Chocolate powder Couscous
Sweets Beans
Fats/ Mayonnaise Leafy vegetables
Eggs Non-leafy vegetables
White meat Fruits
Red meat Natural fruit juices
Sausages k
Cheese/Yogurt
(B) Rice/Noodles
Coffee Breads/Cakes
Ultra-processed foods Unfilled cookies
Sugary drinks Potato
Added sugar Yam/Cassava
Chocolate powder Couscous
Sweets Beans

Fats/ Mayonnaise Leafy vegetables

Eggs Non-leafy vegetables
White meat Fruits
Red meat Natural fruit juices
Sausages Milk
Cheese/Yogurt

Fig. 1 (colour online) Radar plot of preschooler food group
intake according to levels of food neophobia (A — medium
and low neophobia, B — high neophobia)

Discussion

This study demonstrates that low-income Brazilian pre-
schoolers with a high level of food neophobia have lower
adherence to traditional dietary patterns and distinct food
preferences than their peers with low-middle food neopho-
bia and, therefore, were more likely to eat ultra-processed
foods, such as chips, cookies (with and without filling) and
sweets and protein-rich foods, such as dairy (cheese and
yogurt) and white meat (particularly chicken). It should
be noted that these foods have in common increased palat-
ability due to their content of sugars and fats, low fibre con-
tent and soft consistency. This finding could be explained
by the increased taste and smell sensitivity in neophobic
children, which in turn leads to a lower tolerance to varia-
tions in food appearances, smells and flavours®V, justifying
their preference for foods with sensory characteristics sim-
ilar to those of ultra-processed foods.

Studies with preschoolers from high-income popula-
tions showed a relationship between food neophobia
and increased intake of unhealthy foods (such as snack
foods and sweets) and with a reduction in the consump-
tion of protein-rich foods, such as fish, chicken and
cheese®'®. However, our findings with a low-income
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Table 2 Factor loading for dietary patterns obtained in factor
analysis

2863

Table 3 Food neophobia (mean and sp) according to general
characteristics and dietary patterns of low-income preschoolers

Dietary patterns Food
neophobia
School
Food groups Traditional Snacks snacks Independent variable Mean SD P value
Rice/noodles 0-52 Age (years)
Breads/cakes 0-38 0-32 3-5 29-06 6-45 0-990
Unfilled cookies 0-38 0-60 5-6 29.07 7-06
Potato Sex
Yam/cassava 0-38 Male 29-20 7-35 0-786
Couscous Female 28-94 6-29
Beans 0-32 Gestational age
Leafy vegetables 0-51 -0-3¢4 037 Preterm 30-08 8-26 0-427
Non-leafy vegetables 0-49 Term 28-90 6-80
Fruits 0-58 Birth weight
Natural fruit juices 0-61 <2-5009g 29.32 6-80 0-846
Milk 0-32 >2.5009g 29.03 6-84
Cheese/yogurt 0-38 Birth order
Sausages 0-50 First-born 2891 6-62 0-743
Red meat 0-50 Not first-born 29.22 7-04
White meat 0-59 Breastfed
Eggs 0-38 Yes 31.23 7-43 0-170
Fats/mayonnaise 0-38 No 20-07 6-82
Sweets 0-40 0-30 042 BMI-for-age (< 5 years) 0-455
Chocolate powder 0-32 Normal weight (>—2 and 29-80 6-68
Added sugar 0-37 —0-35 <+1 Z-score)
Sugary drinks 0-60 Risk of overweight (> +1 27-21 6-47
Other ultra-processed foods 0-58 and < 42 Z-score)
(chips, snacks, filled cookies) Overweight and obese 29.93 8-55
Coffee (> +2 Z-score)
Variance explained (%) 135 82 7.2 BMI-for-age (> 5 years or
Variance cumulative (%) 138:5 21.7 28-9 older)
Kaiser—-Meyer—Olkin (KMO) 0-65 Normal weight (> -2 and 28-62 7-22 0-778
< +1 Zscore)
Food groups with factor loadings lower 10-30] were omitted. Overweight and obese 29-00 5.82
(> +1 Z-score)
Height-for-age
Stunted 36-25 5.32 0-032
population indicated both a reduction in healthy foods M Q:?f;zggu'gﬁg; (vears) 2883 681
and fruits and vegetables, as well as consumption of <11 29.08 6.74 0.927
lower nutritional quality. D'Ztﬁ torm: traditional 28-89 750
. . i . ietary pattern: traditiona
Overall, three eating patterns were identified in the T er?ill ep 1 31.13 6.92 0-005"
present study: traditional, snacks and school snacks. The Tertile 2 28.32 675
so-called traditional dietary pattern is based on typical Tertile 3 2773 6-38
foods of Brazilian culture and can be considered the Dietary pattern: snacks
Tertile 1 29.02 6-37 0-331
healthiest pattern observed, as it includes a variety of food Tertile 2 28.24 6-91
groups, mostly fresh and minimally processed foods (rice/ Tertile 3 29-94 713
noodles, beans, tubers, leafy and non-leafy vegetables Dietary pattern: school snacks
’ ) ’ ’ Tertile 1 28-55 7-45 0-691
fruits, dairy foods and meat). However, it also features Tertile 2 20.53 7.26
Tertile 3 29-12 5-66

ultra-processed foods, such as sweets, chocolate and
unfilled cookies. The snack pattern was considered the
most inappropriate dietary pattern observed, based on
ultra-processed foods, which are salty, sugary and fatty
foods depleted in protein, fibre and micronutrients, such
as sausages, cookies, snacks, sugary drinks and sweets.
The school snack pattern was based on minimally proc-
essed foods, such as breads, unfilled cookies, cakes and
natural juice, which are the main foods offered as morning
and afternoon snacks at schools. Such foods are often
obtained by donations or purchased by schools due to their
low cost and long shelf life®?.

Children with a high level of food neophobia showed a
decreased adherence to traditional dietary patterns, which

0.1017/51368980020003912 Published online by Cambridge University Press

*Significant difference between tertiles 1 and 3 (Bonferroni post hoc test).

may interfere negatively with diet variety and lead to unbal-
anced nutrient intake!%'417 Other studies described a
reduced intake of fruits and vegetables by neophobic chil-
dren, although most of these studies did not investigate
dietary patterns®%!1-19_ Children with high levels of neopho-
bia are more likely to reject foods before tasting them based
on their appearance®'*1® especially vegetables®8 11121415
The rejection of vegetables by neophobic children has been
justified by the natural survival mechanism of the human
species to avoid potentially poisonous plants/substances.
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Table 4 Multiple linear regression analysis between food
neophobia scores and dietary patterns of low-income preschoolers

Dietary patterns 5 95 % ClI P value
Traditional

Tertile 1 ref.

Tertile 2 -3-38 -5.85,-0-92 0-007

Tertile 3 —4.52 -7-02,-2-01 < 0-001
Snacks

Tertile 1 ref.

Tertile 2 —0-21 —2-64, 2.22 0-864

Tertile 3 117 -1.37, 3-73 0-364
School snacks

Tertile 1 ref.

Tertile 2 0-65 -1.85, 3-16 0-609

Tertile 3 0-37 -2-13, 2.88 0-769

ref, reference category.
*Allmodels were adjusted for sex, gestational age, birth weight, birth order, maternal
education and BMI-for-age (Z-score).

However, in some cases, refusal may be occasioned by
negative previous feeding experiences with bitter tastes
(naturally less accepted than sweet tastes)'?. Other evi-
dence suggests that difficulties related to tactile sensory
processing and food acceptance found in neophobic chil-
dren also exist in their parents. Thus, parents who have
tactile sensitivity are unlikely to expose children to an envi-
ronment with a wide range of textures®®. The pattern
analysis in the present study identified an impairment in
the combination of foods/food groups in the diet of highly
neophobic children, as it deviates from the healthiest
dietary pattern of this population.

Children with lower levels of neophobia showed a more
varied dietary pattern based on foods with different sensory
characteristics, such as vegetable foods (non-leafy vegeta-
bles and potatoes), red meat, coffee and chocolate powder.
It is noteworthy that the studied children who presented
lower levels of neophobia also consumed ultra-processed
foods and sugar added to coffee. Additionally, despite the
level of neophobia, children showed low consumption of
fresh and minimally processed foods, such as leafy vegetables
(lettuce, cabbage and broccold), fruits, beans and roots or
tubers (yam and cassava), traditional foods of northeastern
Brazil and important sources of nutrients. The substitution
of fresh foods by ultra-processed foods is a current behaviour
in Brazil, regardless of socio-economic status®?.

Food neophobia was not associated with childhood
overweight and obesity, the most prevalent nutritional dis-
order identified in this study. Similar results have been
described in a recent systematic review of food neophobia
and children’s weight status”’. The univariate analysis
showed that stunted preschool children had higher neo-
phobia scores, indicating that children with high levels of
neophobia in socially vulnerable conditions should receive
special attention on growth trajectory.

School is an important environment for the develop-
ment of eating habits and feeding behaviour. For socially
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vulnerable children, school meals are also an important
source of nutrient supply; therefore, institutions should
provide fresh and minimally processed meals. A study by
Horta et al.®> confirmed the positive effect of having
meals in public schools for 8-12-year-old Brazilian children
living in areas of high social vulnerability. Children who eat
school meals had higher consumption of unprocessed and
minimally processed foods and sweets. Vieira et al. have
also found that at day-care centres, traditional dietary pat-
terns ensure lower consumption of sugars and saturated
and trans fats and higher fibre intake”

As alimitation of the study, we mention the impossibility
of inferring a causal relationship between neophobia and
the other variables due to the cross-sectional design. Another
limitation is that the use of exploratory factor analysis to
obtain dietary patterns requires arbitrary assumptions rel-
evant to food grouping, the number of factors retained
and their naming. However, to minimise the arbitrariness
of choices, we followed the protocols commonly adopted
in nutritional epidemiology®®. It is noteworthy that this is
one of the few studies enrolling socially vulnerable children
in the context of food neophobia, and it is the first study with
Brazilian children that evaluates food neophobia using a
validated and specific method.

Conclusion

A high level of food neophobia is associated with low con-
sumption of vegetables and fruits and low adherence to the
traditional dietary pattern of Brazilian food culture. This
finding highlights neophobic feeding behaviour in socially
vulnerable preschool children as a potential short- and long-
term public health problem that requires increased attention
from institutions, teachers, caregivers and parents. Moreover,
this research may be used to better target the planning of pub-
lic health policies.
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