DOI: 10.1590/1413-81232023281.09992022EN

Does early fruit juice introduction influence anthropometric
outcomes and food consumption at preschool age?

Patricia Cemin Becker (https://orcid.org/0000-0002-1480-0901) !
Renata Oliveira Neves (https://orcid.org/0000-0003-3064-4109) 2
Clécio Homrich da Silva (https://orcid.org/0000-0003-2847-3961) *
Marcelo Zubaran Goldani (https://orcid.org/0000-0002-7414-5443) *
Juliana Rombaldi Bernardi (https://orcid.org/0000-0002-6803-4472) '

! Departamento de Nutrigao,
Faculdade de Medicina,
Universidade Federal do Rio
Grande do Sul (UFRGS).

R. Ramiro Barcelos 2400,
Santa Cecilia. 90035-003
Porto Alegre RS Brasil.
patriciaceminbecker@
gmail.com

?Programa de Pds-
Graduagio em Saude da
Crianga e do Adolescente,
UFRGS. Porto Alegre RS
Brasil.

*Departamento de Pediatria,
Faculdade de Medicina,
UFRGS. Porto Alegre RS
Brasil.

Abstract The aim of this study was to evalua-
te the impact of fruit juice consumption before
6 months of age on Body Mass Index-for-age
(BMI-for-age) and food consumption in prescho-
olers. We conducted a longitudinal study with
mothers and their children (n=103) at 6 months
and 3-6 years. Weight and height were measured
and converted into BMI-for-age z-scores. Food
consumption was analyzed using the Food Fre-
quency Questionnaire for Children. Groups were
compared using the chi-squared and Student’s
t-tests. No differences in anthropometric mea-
surements were found at preschool age between
children who had been given fruit juice before 6
months and those who had not. Consumption of
artificial juice (=once/day) and sandwich cookies
at preschool age was higher in children with ear-
ly introduction of fruit juice (<150 days of life)
(63.8% versus 35.7%; p=0.028 and 21.3% versus
14.3%; p=0.001, respectively). The prevalence of
the consumption of soda (1 to 4 times/week) and
chocolate milk (at least once/day) was higher in
children who had been given artificial juice befo-
re 6 months (69.2% versus 27.4%; p=0.014 and
38.5% versus 69.4%; p=0.027, respectively). It
can be concluded that the consumption of sweet
foods and sugary beverages was higher in chil-
dren with early introduction of fruit juice.

Key words Juices, Nutritional status, Sugar-swe-
etened beverages, Food consumption
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Introduction

Adequate dietary intake and breastfeeding (BF)
have been associated with reduced infant mor-
bidity and mortality and lower occurrence of
anemia, diarrhea, respiratory problems, and
tooth decay. These factors have also been shown
to promote better cognitive, motor, and socio-
emotional development, increase learning capac-
ity and productivity in adulthood, and prevent
obesity and chronic non-communicable diseas-
es'?. In healthy infants, breast milk provides all
the child’s nutritional needs in the first months
of life. The introduction of drinks or foods in the
first 6 months is not recommended and may be
harmful to the child’s health®.

In Brazil, the prevalence of exclusive breast-
feeding (EBF) has yet to reach the desired level.
However, preliminary data from the National
Child Diet and Nutrition Study (ENANI-2019)
show that there was an important increase in EBF
prevalence among infants aged under 6 months
between 1986 (2.9%) and 2020 (45.7%)*. In addi-
tion, the II Survey of Prevalence of Breastfeeding
in Brazilian Capitals and the Federal District, un-
dertaken in 2008, reported high prevalence of the
consumption of fruit juices (natural or industri-
alized) by breastfed infants from the third month
of life (18.2% among infants aged 3-4 months
and 37% in those aged 4-6 months)°.

Given the high prevalence of natural or arti-
ficial fruit juice consumption, it is important to
investigate future adverse child health outcomes.
A recent systematic review and meta-analysis
commissioned by the World Health Organiza-
tion (WHO) investigated evidence of the effects
of unhealthy food and beverage consumption in
children. The findings indicate that consumption
of sugar-sweetened beverages in children aged
under 10 may increase BMI/BMI z-score, per-
centage of body fat, or risk of overweight/obesity
(low certainty of evidence). In contrast, it was
shown that 100% fruit juice consumption makes
little or no difference to increased BMI, percent-
age of body fat, or the risk of overweight/obesity.
Only two of the 10 studies that analyzed natural
fruit juice consumption and BMI-for-age ana-
lyzed consumption in children under 2°.

Another review of the literature on this topic
compared the metabolic effects of the consump-
tion of different beverages by adults. The findings
show that despite having similar sugar content,
it remains unclear whether fruit juices and sug-
ar-sweetened beverages lead to the same meta-
bolic consequences’.

In addition to the impact on nutritional sta-
tus, repeated exposure to specific flavors during
infancy influences food preferences later in life
and therefore the consumption of sweet foods
and artificial sweeteners by infants promotes
flavor learning®. Previous studies indicate that
the consumption of fruit juices and sugar-sweet-
ened beverages during infancy (before 1 year of
age) is associated with the consumption of these
drinks in later years. However, longitudinal stud-
ies confirming the association between juice and
sugar-sweetened beverage consumption in early
childhood and dietary intake in later years are
scarce and there is a lack of evidence of the asso-
ciation between the early introduction of juices
and sugar-sweetened beverages and anthropo-
metric parameters>'’.

Longitudinal cohort studies of the influence of
the early introduction of juices and sugar-sweet-
ened beverages on future health parameters are
therefore essential to determine real impacts and
generate evidence to inform policies to control
the consumption of these drinks among children.

Considering the change in the recommen-
dation regarding the consumption of fruit
juices brought by the latest edition of Brazil’s
dietary guidelines for children under two (par-
ents should avoid giving fruit juice of any kind,
natural or artificial, to children before 1 year of
age)''?, the lack of research into consumption in
children under 1, and the increase in prevalence
of childhood obesity, the present study investi-
gated the impact of the introduction of fruit juic-
es in infants before 6 months on anthropometric
parameters and the consumption of sweet foods
and sugar-sweetened beverages in preschoolers.

Methods

We conducted a prospective study nested within
a larger project titled Impact of perinatal envi-
ronmental variations in the first 6 months of life
(IVAPSA), undertaken in two stages. The original
study protocol, sample calculation, and prelimi-
nary results are described by previous studies''*.
Figure 1 presents the sample flowchart.

In the first stage, a sample of 400 moth-
er-child pairs was selected in the period 2011 to
2016. The sample was selected from three public
hospitals in Porto Alegre-RS: Hospital de Clini-
cas de Porto Alegre (HCPA), Hospital Conceigdo,
and Hospital Fémina. Interviews were conducted
immediately after birth before discharge and at
7,15, 30, 90, and 180 days of life. This study uses



the information collected in the interviews con-
ducted immediately after birth and at 180 days.

Porto Alegre has a Human Development
Index (HDI) of 0.805 and 93% of households
have adequate sanitation. According to the latest
census (2010), the population of children aged
0-4 years was 78,626, accounting for 5.57% of
the overall population (1,409,351). In 2020, the
city’s infant mortality rate was 7.78 per 1,000 live
births®.

The sample was divided into five different
groups of perinatal environments based on the
mothers’ clinical conditions during pregnancy:
1) diabetes; 2) systemic arterial hypertension;
3) smoking; 4) intrauterine growth restriction
(IUGR), where newborns were small for ges-
tational age (SGA), based on Alexander et al.
curve's; and 5) control group. HIV-positive post-
partum women, newborn twins, infants with a
chronic or congenital disease requiring hospital
admission, and those weighing under 500 grams
were excluded from the study sample.

Sociodemographic data (maternal age, edu-
cation level, and race/color and family income,
pre-pregnancy BMI, and child sex) were ob-
tained using a questionnaire administered 48
hours after delivery and from the participant’s
medical records. Pre-pregnancy BMI was calcu-

Stage 1
Initial sample
N=400
oInterviews immediately
after birth

2011 to 2016

Interviews at 6 months
of age
N=235

Stage 2

N=103 2017 to 2019
oInterviews at between

3-6 years of age

Figure 1. IVAPSA cohort sampling flowchart. Porto
Alegre-RS, Brazil, 2011-2019.

Source: Authors.

lated based on pre-pregnancy weight and height,
obtained from the mother’s medical records.
Pre-pregnancy BMI was divided into the follow-
ing categories: low weight: <18.5 kg/m? normal
weight: between 18.5 and 24.9 kg/m?* over-
weight: between 25 and 29.9 kg/m?, and obesity:
>30 kg/m?"".

The interviews at 6 months of life were con-
ducted in the HCPA’s Clinical Research Center
(CPC). Information on fruit juice consumption
was obtained using a structured questionnaire
containing the question “Does your baby drink
or has he/she ever drunk fruit juice?”. If the an-
swer was yes, the following questions were asked:
“When did you introduce fruit juice?”; “How
much juice does your baby drink per day?”;
“What type of fruit juice does your baby drink
(natural, concentrated, diluted, artificial)?”, “Did
someone recommend that you give fruit juice to
your baby?”. Natural fruit juice was defined as the
juice extracted from fresh fruit without adding
sugar; concentrated fruit juice was defined as
natural juice from which part of the water has
been extracted; diluted fruit juice was defined
as juice obtained by diluting natural fruit juice;
and artificial fruit juices included powdered juic-
es, nectars, or fruit drinks. The mother was also
asked whether the baby was being breastfed. The
infant’s weight was calculated as the weight of the
mother holding the baby without a nappy and
as little clothing as possible minus the mother’s
weight. Weight was measured using a Plenna®
scale with an accuracy of 50 grams. The infant’s
length was measured in the supine position using
a Sanny® professional stadiometer.

The second stage of the study was undertak-
en between 2017 and 2019. The sample consist-
ed of the mothers and respective children (aged
3-6 years) who participated in the interview
6 months after birth. The mothers answered a
questionnaire designed to obtain general infor-
mation about the mother and child and socio-
economic characteristics. The infant’s weight and
height were measured twice. Dietary intake was
assessed using the Food Frequency Question-
naire for Children (Questiondrio de Frequéncia
Alimentar Infantil - QFAI) developed by Collucci
et al.”® to determine usual dietary intake among
children aged 2-5 years. The questionnaire con-
sists of 57 food items with seven possible answers
for each item on a scale from “never” to “at least
twice a day”. For sample distribution purposes,
the answers were categorized into three groups:
“<3 times/month”, “1 to 4 times/month’, and
“>once a day”.
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The infant’s energy intake was assessed using
a 24-hour dietary recall. Values were calculated
using Dietbox®. Energy intake was used as the de-
scriptive variable due to the association between
positive energy balance and weight gain®. It was
therefore important to investigate whether there
was a difference in calorie intake between the
different juice consumption groups. Daily screen
time was assessed using the Children’s Physical
Activity Questionnaire® and was classified into
three categories: doesn’t watch T'V/videos or play
computer games; up to an hour a day, and more
than an hour a day.

BMI-for-age z-scores (BMI-for-age) were
calculated using Anthro® (children under 5) and
Anthro Plus® (children over 5), adopting the
WHO growth curves as a reference standard*-*.

To determine the association between fruit
juice consumption before 6 months and anthro-
pometric parameters, the children were divided
into two groups: fruit juice introduced before six
months and fruit juice not introduced before six
months, considering both natural and artificial
juices. To assess the association between intro-
duction of fruit juice before 6 months in infants
and pre-school dietary intake, the children who
were given juice were divided into three cate-
gories: age when introduced (<150 days versus
>150 days), amount of juice introduced (=60ml
versus <60ml), and type of juice introduced (ar-
tificial versus non-artificial). The cut-offs for the
groups age when introduced and amount of juice
introduced were set based on the median values
(150 days and 60 ml, respectively). The follow-
ing QFAI food items were selected for the anal-
yses: artificial fruit juice, soda, fermented milk,
fromage frais, sandwich cookies, chocolate milk,
cake, chocolate, and added sugars. These items
were chosen because it is hypothesized that the
consumption of fruit juices before the first year
of life may lead to a sweet taste preference, thus
influencing the consumption of sugary foods in
later years.

The non-parametric continuous variables
were analyzed using medians and 25"-75" per-
centile range and the categorical variables were
assessed using absolute numbers and percentag-
es. The groups that had been given juice before 6
months and those who had not were compared
using the chi-squared test for the categorical vari-
ables (maternal education level, maternal race,
pre-pregnancy BMI, number of children, child
sex, breastfeeding, maternal clinical condition
during pregnancy, screen time, child nutrition-
al status, and preschool food frequency) and the

Mann-Whitney test for the non-parametric con-
tinuous variables (maternal age, family income,
preschooler energy intake, and BMI z-score). The
Student’s t-test was used to compare means and
the variation of the BMI-for-age z-score. Multi-
nomial logistic regression was used to predict the
probability of differences in anthropometric out-
comes between the different fruit consumption
groups using the odds ratio. Two models were
created for the adjusted analysis: (1) adjusted
maternal race/skin color, maternal age, mater-
nal education level, parity, and breastfeeding at
6 months for the association between fruit juice
consumption before 6 months and nutritional
status at 6 months; and (2) adjusted maternal
race/skin color, maternal age, maternal educa-
tion level, parity, and breastfeeding at 6 months,
screen time, and daily energy intake for the as-
sociation between fruit juice consumption before
6 months and nutritional status in preschool-
ers. The adjusted model variables were defined
using a directed acyclic graph (DAG) created
using DAGitty® (version 3.0, Johannes Textor).
The data were analyzed using SPSS® version 18.0
(SPSS Inc., Chicago, IL, US). Sample power was
calculated using PSSHealth® (Power and Sample
Size for Health Researchers) and was estimated
to be less than 80%.

All participants signed an informed consent
form. The study protocol for the first stage was
approved by the HCPAs and Grupo Hospitalar
Conceigido’s research ethics committees, the lat-
ter representing the Conceigdo and Fémina hos-
pitals (reference numbers 11-027 and 11-0097,
respectively). The study protocol for the second
stage was approved by the HCPAs research ethics
committee (reference number 17-0107, CAAE:
65190217500005327).

Results

A total of 103 mother-child pairs participated in
this study, resulting in a 43.8% loss in relation
to the sample interviewed at 6 months of life
(n=235). A comparison of the characteristics of
the pairs who participated in the second stage
and the losses showed a significant difference
between the groups for the variables number of
children and breastfeeding at 6 months: the prev-
alence of multiparity was higher in the women
who did not participate in stage 2 (p=0.013),
while the prevalence of breastfeeding was great-
er among the children who participated in both
stages (p=0.011).



The median age of the women who partic-
ipated in both stages (percentile 25; 75) was 28
(21; 33) years. Most of the sample had between
9 and 11 years of education (n=59; 57.3%),
were white (n=60; 58.3%), and belonged to the
control group (n=46; 44.7%). Approximately
25% (n=25) of the women were obese based on
pre-pregnancy BMI. Around 77% (n=80) of the
children were being breastfed at 6 months of life.
The prevalence of breastfeeding among children
who had been given juice before 6 months of age
was 73.3% (n=55), compared to 89.3% (n=25) in
those who had not. The difference between the
groups was not statistically significant (p=0.143).

Median energy intake (percentile 25; 75)
among the preschoolers was 2,037 (1,662; 2,537)
kcal. Total screen time per day was over one hour
in the overwhelming majority of preschoolers
(n=86; 83.5%). No significant difference in socio-
demographic characteristics was found between
the groups who had been given fruit juice before 6
months and those who had not (p>0.05) (Table 1).

The median age (percentile 25; 75) of the in-
fants who had been given juice before 6 months
(n=75) was 150 (120; 180) days. The median
amount (percentile 25; 75) of juice introduced
was 60 ml (30; 100). The most commonly men-
tioned persons who recommended the intro-
duction of juices (n=36; 48%) were health pro-
fessionals, followed by mother’s own decision
(n=29; 38.7%), and other (n=10; 13.3%). Seven-
ty-two (96%) of the children who had been given
juice before 6 months of age were given natural
juices, 13 (17.3%) were given artificial juices,
four (5.3%) diluted fruit juice, and two (2.7%)
concentrated fruit juice. The sum of the values is
not 100% as the same child may have been given
more than one type of juice (data not presented).

Table 2 shows the nutritional status of the
children at 6 months and at preschool age. Six
percent (n=6) of the children at 6 months were
overweight or obese, compared to 26.2% (n=27)
of the preschoolers. No statistically significant
difference in nutritional status was found be-
tween children who had been given juice before
6 months and those who had not. The variation
in BMI-for-age z-score between 6 months of life
and preschool age is shown in Figure 2. No statis-
tically significant difference was found between
the group who had been given juice before 6
months and those who had not for the following
parameters: BMI-for-age at 6 months (p=0.379);
BMI-for-age at preschool age (p=0.282); and
variation in BMI-for-age z-score between the two
periods (p=0.824).

Likewise, the results of the crude regres-
sion analysis showed no significant differences
between the groups for at risk of overweight or
obese at 6 months of life (p=0.532), thinness or
pronounced thinness at 6 months (p=0.562),
overweight or obese at preschool age (p=0.468),
and thinness at preschool age (p=0.651). Similar-
ly, the results of the adjusted model 1 (maternal
race/skin color, age, education, parity, and breast-
feeding at 6 months) showed no significant dif-
ference between the groups at risk of overweight
or obese at 6 months (p=0.700) and thinness or
pronounced thinness at 6 months (p=0.356). The
results of the adjusted model 2 (maternal race/
skin color, age, education, parity, breastfeeding at
6 months, preschooler screen time, and daily en-
ergy intake) showed that there was no significant
association between fruit juice consumption be-
fore 6 months and at risk of overweight or obese
at preschool age (p=0.325) and thinness at pre-
school age (p=0.688) (data not presented).

Table 3 shows the frequency of consumption of
different foods and beverages in the preschoolers
grouped according to the age at which fruit juice
was introduced (<150 and >150 days) and the type
of juice introduced. The table shows the foods and
beverages that showed a significant difference in
consumption: artificial fruit juice (p=0.028) and
sandwich cookies (p=0.001) between the groups
categorized according to age of fruit juice intro-
duction; and soda (p=0.014) and chocolate milk
(p=0.027) between the groups categorized accord-
ing to the type of juice introduced.

Discussion

The findings showed that the introduction of
fruit juice before 6 months of life was associated
with the consumption of sugar-sweetened bever-
ages and sweet foods at preschool age, indicating
that exposure to specific flavors during infancy
may influence dietary intake and predict future
food preferences.

Despite consistent evidence of the health
impacts of artificial fruit juice consumption in
older children, adolescents, and adults, the ef-
fects of consumption in infants remain poorly
understood, especially in the first year of life®.
Despite the recommendation to the contrary, our
study shows high prevalence of the introduction
of natural and artificial juices in infants before 6
months of age.

Likewise, the prevalence of breastfeeding
was 16% lower in children who had been given
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juice before 6 months than in those who had not
(73.3% versus 89.3%); however, this difference
was not statistically significant. These findings
reinforce the importance of current recommen-
dations advising that the introduction of fruit
juices before one year of age should be avoided as
it can result in reduced breast milk consumption
and, consequently, protein, lipid, vitamin, and

mineral intake®. In addition, breastfeeding plays
an important role in acceptance of foods due to
the transmission of a variety of flavors through
breast milk, thus promoting acceptance of novel
foods*. Finally, the median age the children who
were given juice before 6 months of age was 150
days, demonstrating early fruit juice introduc-
tion in the study sample.

Table 1. General and sociodemographic characteristics categorized by fruit juice introduction before 6 months; IVAPSA
cohort. Porto Alegre-RS, Brazil, 2011-2019.

Introduction before Not introduced P-
before 6 months Total (n=103)
6 months (n=75) value
(n=28)
Maternal age (years) 27 [21;32] § 28 [21;36] § 28 [21;33] § 0.188 w
Maternal education level (years), n (%) 0.268 ¥ 0.268 ¥
0-8 19 (25.3%) 11 (39.3%) 30 (29.1%)
9-11 44 (58.7%) 15 (53.6%) 59 (57.3%)
>11 12 (16.0%) 2(7.1%) 14 (13.6%)
Family income (reais)® 2,000 [1,200; 3,000] § 1,800 [1,175;2,625] § 1,950 [1,200;3,000]§ 0.656 ¥
Maternal race/skin color, n (%) 0.175 ¥ 0.175 ¥
White 44 (58.7%) 16 (57.1%) 60 (58.3%)
Black 20 (26.7%) 4 (14.3%) 24 (23.3%)
Other® 11 (14.6%) 8 (28.6%) 19 (18.4%)
Pre-pregnancy BMI (kg/m?)¢, n (%) 0.961¥ 0.961¥
Low weight 2 (2.8%) 1 (3.6%) 3 (3.0%)
Normal weight 32 (44.4%) 13 (46.4%) 45 (45.0%)
Overweight 19 (26.4%) 8 (28.6%) 27 (27.0%)
Obesity 19 (26.4%) 6 (21.4%) 25 (25.0%)
Ne children, n (%) 0.628 ¥ 0.628 ¥
Primiparous 38 (50.7%) 12 (42.9%) 50 (48.5%)
Multiparous 37 (49.3%) 16 (57.1%) 53 (51.5%)
Child sex, n (%) 0.388 ¥ 0.388 ¥
Female 42 (56.0%) 19 (67.9%) 61 (59.2%)
Male 33 (44.0%) 9 (32.1%) 42 (40.8%)
Breastfeeding, n (%) 0.143 ¥ 0.143 ¥
Yes 55 (73.3%) 25 (89.3%) 80 (77.7%)
Clinical condition during pregnancy, n (%) 0.780 ¥ 0.780 ¥
Diabetes 12 (16.0%) 6 (21.4%) 18 (17.5%)
Hypertension 10 (13.3%) 2 (7.1%) 12 (11.6%)
Smoking 10 (13.3%) 5(17.9%) 15 (14.6%)
RCIU 10 (13.3%) 2 (7.1%) 12 (11.6%)
Control 33 (44.0%) 13 (46.4%) 46 (44.7%)

Preschooler energy intake (kcal)
Preschooler screen time: >1 hour/day,

n (%)

61 (81.3%)

2,057 [1,741; 2,537] § 1,957 [1,469;2,567] § 2,037 [1,662;2,537] § 0.514w

25 (89.3%) 86 (83.5%) 0.504 ¥

IVAPSA=Impact of perinatal environmental variations in the first 6 months of life; BMI=body mass index. § Median [25th and 75th percentile];
*n=90 due to missing data; ® Yellow and brown; “n=100 due to missing data; ¥ Chi-squared test; ¥ Mann-Whitney test.

Source: Authors.



Table 2. Classification of nutritional status at 6 months and preschool age and fruit juice introduction before 6
months; IVAPSA cohort. Porto Alegre-RS, Brazil, 2011-2019.

Infant nutritional status Juice introduction Juice not introduced Total P-
before 6 months (n=75) before 6 months (n=28) (n=103) value
At 6 monthsa, n (%) 0.907 ¥ 0.907 ¥
Thinness 8(10.7) 2(7.1) 10 (9.7)
Normal weight + risk of 62 (82.7) 25 (89.3) 87 (84.5)
overweight
Overweight/obese 5(6.6) 1(3.6) 6 (5.8)
At preschool age?, n (%) 0.843 ¥ 0.843 ¥
Thinness 4(5.3) 1(3.6) 5(4.9)
Normal weight + risk of 50 (66.7) 21 (75.0) 71 (68.9)
overweight
Overweight/obese 21 (28.0) 6(21.4) 27 (26.2)

IVAPSA=Impact of perinatal environmental variations in the first 6 months of life. * Nutritional status based on BMI-for-age; ¥

Chi-squared test.

Source: Authors.
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Figure 2. Variation in mean BMI z-score categorized by juice consumption before six months.

Note: Test used: Student’s t-test.

Source: Authors.

The most commonly mentioned persons
who recommended the introduction of fruit
juice were health professionals. Considering that
health workers are often a point of reference for
families, these professionals must be constantly
updated on specific guidance to avoid early fruit
juice introduction. The findings of a qualitative
study using focus groups of parents of overweight
preschoolers showed that the participants sug-
gested that pediatricians used concrete demon-

strations such as showing the amount of sugar
in fruit juice?, demonstrating the importance of
explaining the reason for not introducing juices
before 1 year of age.

The latest edition of Brazil's dietary guide-
lines for children under 2, launched in 2019,
recommends that the introduction of fruit juic-
es before 1 year of age should be avoided. The
guidelines also recommend that parents should
avoid introducing juices between 1-3 years of
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Table 3. Frequency of food consumption in preschoolers categorized by age at which fruit juice was introduced
and type of fruit juice introduced; IVAPSA cohort. Porto Alegre-RS, Brazil, 2011-2019.

Category
Frequency of — . — N P-
Foods . Juice introduction Juice introduction
consumption value
<150 days (n=47) >150 days (n=28)
Artificial fruit juice, n (%) =>once a day 30 (63.8%) 10 (35.7%) 0.028 ¥
1 to 4 times/month 11 (23.4%) 8 (28.6%)
<3 time/month 6(12.8%) 10 (35.7%)
Sandwich cookies, n (%)  >once a day 10 (21.3%) 4 (14.3%) 0.001 ¥
1 to 4 times/month 25 (53.2%) 5(17.8%)
<3 time/month 12 (25.5%) 19 (67.9%)
Artificial fruit juice Artificial fruit juice
not introduced before  introduced before 6
6 months (n=62) months (n=13)
Soda, n (%) >once a day 7 (11.3%) 1(7.7%) 0.014 ¥
1 to 4 times/month 17 (27.4%) 9 (69.2%)
<3 times/month 38 (61.3%) 3 (23.1%)
Chocolate milk, n (%) >once a day 43 (69.4%) 5 (38.5%) 0.027 ¥
1 to 4 times/month 8 (12.9%) 1(7.7%)
<3 time/month 11 (17.7%) 7 (53.8%)

IVAPSA=Impact of perinatal environmental variations in the first 6 months of life; ¥ Chi-squared test.

Source: Authors.

age and, if juices are introduced, to give around
120ml of natural juices without added sugar per
day'™. It is important to highlight that stating an
approximate amount rather than setting a max-
imum limit provides leeway for error, resulting
in overconsumption of juice. In addition to the
above, the consumption of sugar, which is often
contained in industrialized juices, is not recom-
mended before 2 years of age'.

Few longitudinal studies have assessed the
impact of introducing sugar-sweetened bever-
ages before 1 year of age on nutritional status in
later years. In a systematic review undertaken
in 2019 to assess the relationship between types
and amounts of foods and beverages during the
complementary feeding period and growth out-
comes, the authors suggested that there was a
positive association between juice intake (natural
and artificial) and infant weight-for-length and
child BMI-for-age z-scores. However, the results
are from observational studies in which there was
variation in types of fruit juice and child age®.
In a study with 1,189 children, Pan et al?” com-
pared the prevalence of obesity at 6 years of age
and consumption of sugar-sweetened beverages
during the first year of life. The authors found
that obesity prevalence at 6 years among chil-
dren who consumed sugar-sweetened beverages

during infancy was twice as high as that among
non-consumers (17.0% vs 8.6%).

It is known that juices can make a consider-
able contribution to daily energy intake, which
is directly related to weight gain. However, the
present study did not observe an association be-
tween fruit juice introduction in infants under 6
months and anthropometric parameters in pre-
schoolers. There was no statistically significant
difference between the prevalence of overweight
and obesity and in variation in BMI-for-age
z-score between the two groups (early fruit juice
introduction versus non-introduction) at both 6
months and preschool age. In contrast, the over-
all sample showed an increase in the prevalence
of overweight and obesity between the first and
second stages of the study (5.8% versus 26.2%).

The variables natural fruit juice consumption
and artificial juice consumption were combined
for analysis purposes since, despite containing
vitamins and phytonutrients, the predominant
ingredients in both natural and artificial juic-
es are water and sugar (natural or added). In
addition, the types of predominant sugars con-
tained in these drinks are similar: monosaccha-
rides (glucose and fructose) and disaccharides
(sucrose). However, it remains unclear whether
natural fruit juices and sugar-sweetened bever-



ages lead to the same metabolic consequences’.
Furthermore, parents tend to believe that juices
in general, especially natural juices, are healthy
and that they, therefore, do not need to limit con-
sumption®.

Although our findings do not show a statis-
tically significant association between overall
juice consumption (natural and artificial) and
anthropometric parameters, it is important to
highlight that artificial fruit juice consumption,
found in 17.3% of children, can be potentially
harmful due to the high content of food color-
ings, artificial sweeteners, and added sugar. In
addition, children have an innate preference for
sweet foods and are in the process of developing
dietary habits. Sugar consumption should there-
fore be avoided, especially during the first two
years of life.

The findings show that early fruit juice intro-
duction (<150 days of life) was associated with
increased consumption of artificial fruit juice at
preschool age, corroborating the results of pre-
vious studies that demonstrated an association
between the consumption of sugar-sweetened
beverages before 1 year of age and consumption
in later years*'. In addition, early fruit juice in-
troduction was also associated with increased
consumption of sandwich cookies at preschool
age: while there was no difference between the
two groups (<150 days versus >150 days) in
the frequency category >once a day, prevalence
in the category 1 to 4 times a week was higher
in children who had been given juice before 6
months. In addition, children who consumed ar-
tificial fruit juice before 6 months showed a high-
er prevalence of soda consumption (1 to 4 times
a week) at preschool age (69.2%) than those who
had been given other types of juices (natural, di-
luted or concentrated) (27.4%).

Sensorial experiences in early life can shape
preferences and predilection for certain flavors
in later years. The early introduction of sugar
contained in juice in infants may have influenced
food preferences among preschoolers (consump-
tion of artificial fruit juices, sodas, and sandwich
cookies)®. In contrast, it is curious to note that
the consumption of artificial fruit juice before 6
months was associated with lower consumption
of chocolate drinks at preschool age.

Evidence shows that screen time (time spent
using watching TV or looking at a cellphone,
computer, tablet or other electronic devices) is
associated with consumption of sugar-sweetened
beverages in young children®. One of the reasons
is that exposure to TV advertising and social me-

dia can lead to increased consumption of these
beverages, despite the restrictions imposed by
regulatory agencies. In the present study, 83.5%
of preschoolers spent more than an hour a day
looking at a screen, which exceeds the time rec-
ommended by the WHO for children aged 3-4
years (no more than an hour a day), indicating
that these children may be highly exposed to sug-
ar-sweetened beverage advertising®.

Another factor that may contribute to the
consumption of sugar-sweetened beverages is
taxes on purchases. A meta-analysis evaluating
the impact of increased taxes on sugar-sweetened
beverages around the world showed that a 10%
increase in taxes was associated with an average
decline in beverage purchases and dietary intake
of 10.0%. The authors recommend larger taxes
to promote a greater decline in sugar-sweetened
beverage consumption®.

The present study has some limitations that
may explain why the findings do not show an
association between entre early fruit juice in-
troduction and anthropometric parameters in
preschoolers: the small study sample due to the
high number of losses in the follow-up stage and
the lack of certain confounding factors that may
influence nutritional status, such as physical ac-
tivity and habitual dietary intake. However, loss
at follow-up is a common problem faced by lon-
gitudinal studies®. Furthermore, considering the
length of time between the study and follow-up
and difficulty in maintaining contact with the
study participants, especially those from more
socially vulnerable groups, the total number of
cases analyzed may be considered reasonable
and expected. Study strengths include: the lon-
gitudinal study design; the inclusion of infants at
complementary feeding age, given that few stud-
ies have evaluated the impact of the introduction
of fruit juices and sugar-sweetened beverages be-
fore 1 year of age; and the high quality of anthro-
pometric measurements, given that weight and
height were measured twice by trained research-
ers, minimizing potential bias.

Our findings show that the introduction of
fruit juices to infants before 6 months does not
influence anthropometric parameters at pre-
school age. However, the results show that ear-
ly fruit juice introduction in infants before 6
months is associated with increased consump-
tion of artificial fruit juice, sandwich cookies, and
soda at preschool age. Further research is neces-
sary to determine whether early introduction of
natural and artificial juices can have long-term
health consequences.
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These findings reinforce the need for con-
tinuous training and updates for health profes-
sionals regarding the introduction of foods and
beverages during infancy and its influence on
future dietary habits. In addition, public poli-
cies are needed to reduce the consumption of
sugar-sweetened beverages among children of

all ages, including increased taxes on purchases,
healthy eating and drinking campaigns, banning
sales in schools, restrictions on child advertising,
and the introduction of warning labels on sugary
drinks to promote the development of healthy
eating habits and protect the health of children.
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