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Abstract

Background/objectives: In Brazil, the increase in obesity rates has been accompanied by increased consumption of
ultra-processed food (UPF). The objective of this paper was to evaluate body mass index (BMI) and body fat
percentage (%BF) trajectories in adolescents over a 3-year follow-up according to the frequency of UPF consumption.

Subjects/methods: Data of three consecutive years (2010, 2011, and 2012) were obtained from the Adolescent
Nutritional Assessment Longitudinal Study (ELANA) that aimed to assess changes in anthropometric indicators of
nutritional status, and 1035 adolescents enrolled in the 1st year of high school from six schools (four private and two
public) in the metropolitan area of Rio de Janeiro, Brazil were included. At three follow-ups, they had their weights and
heights measured. Body composition was measured at the first and second follow-ups. Mixed linear regression models
were used to estimate BMI and %BF trajectories based on quartiles of UPF intake, adjusting for type of school, sex,
physical activity, and underreporting.

Results: Compared to their counterparts in the 1st quartile, adolescents in the 4th quartile of UPF consumption had a
lower daily intake of fruits, cooked vegetables, and raw vegetables and a higher intake of total sugar and physical
activity levels (p < 0.001). There was an inverse association between UPF consumption and BMI both at baseline and at
follow-up. Values for %BF followed the same trend. Adolescents in the 4th quartile had the greatest level of physical
activity and lowest total energy intake.

Conclusion: This study confirmed that greater intake of UPF is a marker of an unhealthy diet, but did not support the
hypothesis of a high rate of change in BMI associated with greater UPF consumption, even after adjusting for physical
activity.

Introduction

The recommendations of the Brazilian Dietary Guide-
lines, published in 2014, are based on the degree of pro-
cessing of food items', and is grounded in the work
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developed by Monteiro and colleagues®, which shows a
greater quality of diets with a reduced proportion of ultra-
processed foods (UPFs)* >,

UPFs are defined as formulations modified by indus-
trial procedures using parts or substances extracted
from food sources maintaining little or no character-
istics of the whole food®>. During the process, they
receive artificial or chemical additives and most of them
are energy-dense, composed of low nutrient diversity,
but are highly palatable and convenient (ready-to-eat/
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drink or ready-to-heat), and are heavily advertised *.
The classification of foods as processed and ultra-
processed is recent, and no longitudinal study has pre-
viously analyzed the association between the consump-
tion of UPF with weight gain in adolescents. However,
cross-sectional studies have described a detrimental
association between UPF and dietary quality” =7, and
also with excessive weight> > ¢ 871,

We have identified only one longitudinal study related
to the impact of UPF intake with an increase in serum
lipids in Brazilian children, which demonstrated that UPF
consumption at 3—4 years of age is a predictor of higher
increases in lipoprotein levels profiles at 7—8 years of
age'?.

Adolescence is a period of high nutrient and energy
demand and, for this reason, is a nutritionally critical
period of life, when lifestyle and dietary habits are chan-
ging, making adolescents vulnerable to the consumption
of energy-rich and nutrient-poor foods'® '*. In Brazil, in
the last decade, children and adolescents are the groups
with the highest increase in the prevalence of overweight
and obese individuals'®. The hypothesis that the high
consumption of UPFs influences weight gain seems
plausible, since, in Brazil, the increase in obesity rates has
been accompanied by the increased consumption of such
foods, as demonstrated in the household budget surveys
carried out in the last decade'®. Thus, the present study
aimed to evaluate the association between UPF con-
sumption and adiposity indicator trajectories throughout
adolescence.

Methods

Data were collected from the Adolescent Nutritional
Assessment Longitudinal Study (ELANA) cohort, which
included adolescents from four private and two public
schools located in the metropolitan area of Rio de Janeiro,
Brazil, selected based on convenience. All students from
the 1st year of high school in 2010 were enrolled and
followed up in 2011 and 2012, except pregnant adoles-
cents or adolescents with physical disabilities. The
detailed description of the methods of the ELANA study,
as well as the sample size calculations and the results of
the associations between body mass index (BMI) trajec-
tory and excessive weight gain with demographic and
socio-economic factors, were published by Moreira et al’.

Data collection

At baseline, students answered a self-administered
questionnaire containing questions regarding lifestyle
and dietary behavioral characteristics, and at baseline and
at two follow-ups, they had their weights and heights
measured. Body composition was measured at baseline
and at the first follow-up.
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Data on food intake were obtained using a qualitative
reduced version of the food frequency questionnaire (FFQ)
validated for adolescents of Rio de Janeiro with photo-
graph support by Brito et al'’. The reduced version of the
FFQ used in the ELANA contained 72 food items, with
eight consumption frequency options, ranging from “less
than once per month or never” to “four or more times a
day”. Some items were excluded (based on the frequency
of consumption and contribution to the total energy
consumption) and others were grouped (e.g., alcohol
beverages were combined). The reduced FFQ was also
validated against three-day food records and correlation
coefficients for nutrients, including calcium, ranged
between 0.50 and 0.70, which are considered a good esti-
mation for nutrients.

Anthropometric measures were performed by trained
field worker employees (four in each phase of the
ELANA) of the Center for Physical Evaluation and
Training (CAFT www.caft.com.br). The anthropometric
data were collected according to Lohman protocols'®
and the field workers were standardized according to
Habicht techniques'® at baseline and according to
Norton and Olds®° at the three follow-ups. Trained field
workers collected anthropometric measures from ado-
lescents who were barefoot and wearing light clothes'®,
Weight was measured using an electronic portable scale
with capacity up to 150 kg and variations of 50 g. Height
was measured in duplicate using a portable anthrop-
ometer with a length up to 200 cm and variations of 0.1
cm. Body composition was measured at baseline and at
the second follow-up using a four-pole bioelectrical
impedance device (RJL System® 101Q model), validated
for children and adolescents®'. Fat-free mass was esti-
mated using the equation validated by Houtkooper
et al*>. including the resistance values; weight, height,
and body fat were estimated based on the difference
between total body mass and fat-free mass.

Physical activity was estimated using the Brazilian ver-
sion® of the short version of the International Physical
Activity Questionnaire (IPAQ), which contains questions
regarding the frequency and duration of walking, and
moderate and vigorous physical activity during the pre-
vious week. The classification of the levels of intensity
(moderate or vigorous physical activity) was calculated
based on the “Guidelines for Data Processing and Analysis
of the International Physical Activity Questionnaire
(IPAQ)-Short and Long Forms.”**

Data analysis

For analysis, the eight frequency options of food intake
were transformed into daily frequency. For energy and
nutrient intake estimation, frequencies were multiplied by
the portion reported in the original FFQ® and the food
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composition table of Brazilian foods and dishes®® was
used.

Foods were classified according to the nature and level
of processing®. The UPF consumption was estimated by
summing up the following items: instant pasta, sweet
pastries, cookies, cheese rolls, hot dogs, fried filled rolls,
oven-baked filled rolls, pizza, French fries, hamburgers,
nuggets, ham, sausages, candies, chocolates, chocolate
milk beverages, condensed milk, peanut candies, ice
cream, jelly, chips, marmalade, sodas, “guarand” refresh-
ments, and other sugar-sweetened beverages.

Markers of diet quality (fiber, fruits and vegetables, and
total sugar intake) were compared by quartiles of UPF
intake, as well as total energy intake.

For the assessment of BMI and body fat percentage (%
BF) trajectory, mixed linear regression models were used.
These models accounted for the correlations among
measures and follow-up losses””. Models used the Proc
Mixed procedure in the Statistical Analysis System, ver-
sion 9.4 (SAS Institute Inc, Cary, NC). The time variable
in the model was age in months, accounting for the
expected BMI variation due to the growth. BMI and %BF
trajectories by quartiles of UPF intake were tested by p-
values < 0.05 of the interaction of UPF * time. Models
were adjusted for type of school (public or private), sex,
physical activity levels, and underreporting. To account
for underreporting, a dummy variable for energy intake
below the 10th percentile was included in the analysis.

Code availability
SAS code is available by the authors upon request.

Results

Of the 1039 adolescents evaluated at baseline, four did
not answer the FFQ. Therefore, the analysis at baseline
included 1035 adolescents: 509 from public schools and
526 from private schools (Table 1). The mean age of the
participants was 16 years (standard deviation (SD)=0.9)
and 46% were boys (Table 2). Table 2 also shows the
participants at each follow-up and their characteristics.

The 25 UPFs analyzed in this study and respective daily
frequencies of consumption according to sex and school
type are shown in Table 1. Adolescents in the public
schools reported greater daily frequency of UPF con-
sumption at baseline (mean + SD of items consumed by
adolescents in public school =14.5+12.5; in private
schools =9.94 + 7.2, p < 0.001). There were differences in
the frequency of intake of specific UPFs between boys and
girls in public and private schools. Hot dogs, fried rolls,
ham, hamburgers, and sweet peanuts were eaten more
frequently by boys than by girls. Sugar-sweetened bev-
erages (guarand), chocolate milk beverages, and soft
drinks were also consumed more frequently by boys than
by girls in private schools. On the other hand, boys from
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public schools ate marmalade more frequently than girls
did and girls from public schools consumed condensed
milk, chocolate, and chips more frequently than boys did.
Candies were more frequently consumed by girls than by
boys in both schools (Table 1).

During the 3-year follow-up, weight and BMI increased.
There were losses during follow-up and the adolescents in
the final follow-up presented prevalence rates of being
overweight of 19.8% and obese of 8.3% (Table 2).

Energy, total fiber density, and sugar density increased
from the 1st to the 3rd quartile of UPF intake and
decreased in the 4th quartile with a positive significant
trend. Density intake decreased for raw and cooked
vegetables and fruits, supporting a decrease in the quality
of diet with increasing intake of UPFs. Additionally, more
teenagers were classified as moderately or vigorously
active in the 4th quartile compared with the 1st. Trends
by quartiles were all significant, except for the 2nd follow-
up BMI. Compared to their counterparts in the 1st
quartile, adolescents in the 4th quartile of UPF con-
sumption had a lower daily intake of fruits (257 vs. 339.7
g/kcal), cooked vegetables (20.9 vs. 30.1 g/kcal), and raw
vegetables (31.2 vs. 41.5 g/kcal), and a higher intake of
total sugar (319.6 vs. 234.2 g/kcal), higher levels of phy-
sical activity at baseline, and lower BMI at all follow-ups
(Table 3).

At baseline, boys with normal weight presented a daily
frequency intake of UPFs (mean + SD) and daily energy
intake of 12.5+10.3 g and 4321 kcal, respectively, com-
pared to 9.7 £ 7.7 g and 3350 kcal, respectively, for those
who were overweight or obese. Among girls, these values
were 13.1+11.0g and 4345 kcal, respectively, for those
with normal weight and 10.9+10.7g and 3853 kcal,
respectively, for those who were overweight or obese (data
not shown). Since the associations are quite similar by sex,
the final analysis combined both sexes.

At baseline, there was a clear inverse association
between BMI and intake of UPFs, and values of predicted
BMI during the follow-up period showed no interaction
(p = 0.07) between age and quartiles of UPF consumption
(Fig. 1) with a slightly higher increase in BMI among the
students in the 1st quartile of UPF intake. Values for %BF
followed the same trend.

Underreporting of intake (coefficient = —0.94, p = 0.04)
and physical activity (coefficient = —1.0, p <0.001) were
statistically associated with BMI at baseline and at follow-
up. Analysis including these variables, and further
adjustment for total energy intake materially changed the
results. The same occurred for the exclusion of those who
were obese at baseline (data not shown).

Discussion
Adolescents in the 4th quartile of UPF consumption at
baseline had lower BMI and %BF and an increasing rate
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p-value of age*UPF=0.07

Predicted body mass index (kg/m2)

T T T
Baseline 1st follow-up 2nd follow-up

® 1ist quartile ® 2nd quartile 4 3rd quatile  4th quartile
Fig. 1 Predicted BMI values during follow-up for Brazilian

adolescents students according to quartiles of ultra-processed
food frequency intake. Rio de Janeiro, Brazil 2010—2012

over three years of follow-up than adolescents classified in
the 1st quartile. Thus, the study did not support the
hypothesis that high intake of UPFs is associated with
greater weight gain in adolescents.

Many possibilities were explored that could explain
these unexpected findings. Firstly, obese children at
baseline were excluded from analysis since they could be
avoiding energy-dense foods to reduce weight, but this
was not the case. The inclusion of underreporting, a
characteristic more frequent among overweight and obese
individuals, also did not change the results. Moreover, the
use of an FFQ made UPF identification difficult, since it is
based on a fixed list of foods and food groups, many of
which should be classified as ultra-processed or unpro-
cessed foods, depending on the method of cooking (e.g.,
lasagna, hamburger).

In agreement with the results of other studies™ 28, UPF
intake was associated with an unhealthy dietary profile
since the consumption of vegetables, fruits, and fiber
decreased with an increase of UPF intake, while total
sugar intake increased. However, energy intake increased
from the 1st to the 3rd quartile and showed an important
reduction in the 4th quartile. These data may suggest that
those adolescents with the highest UPF consumption
more frequently exhibited normal weight and also exer-
cised more than those in the other quartiles.

Our results are in line with those of cross-sectional
studies that have shown an inverse association between
energy intake and BMI both in adults*® and children®. In
both studies, controlling for underreporting changed the
direction of the association. We attempted to adjust for
underreporting by including a variable marker for those
below the 10th percentile of energy intake. This is sub-
optimal because underreporting should be defined as a
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relationship between energy intake and energy expendi-
ture, but FFQ does not allow for this comparison.
Adjusting for energy intake also did not change our
results.

UPF intake is a marker for an unhealthy diet; however,
experimental studies aimed at displacing high-energy
foods by increasing the consumption of vegetables
and fruits were not successful *' and systematic
reviews have not confirmed an increase in the intake of
fruits as an adequate intervention for the prevention of
obesity®®. These findings suggest that obesity is much
more a problem of quantity than of quality of food
consumption.

Specifically among adolescents, a meta-analysis invol-
ving fruits and vegetables delivered at home did not
change weight gain in experimental studies®”. Although
eating different foods can have a greater or lower con-
tribution in total energy intake, every intake contributes
to energy. Thus, data from a nationwide Brazilian survey
comparing days with and without consumption of specific
items showed that only the days with intake of vegetables
decreased the total energy intake. For many other items,
such as fruit, milk, and beans, energy intake was greater
on the day the item was reported, compared with the day
that it was not reported, for the same individuals®®. This is
the great challenge of treating and preventing obesity
because there is no replacement of one type of food for
another. As an example, the acquisition of unhealthy food
groups in Brazil is associated with greater diversity of the
diet, but great diversity is positively associated with excess
weight gain and inversely associated with being under-
weight®, In short, healthy and unhealthy food groups are
combined in diet and obesity prevention requires mes-
sages focused on eating less.

A limitation of this study is the lack of data on food
intake in the follow-ups to test whether changes in UPF
consumption are related to changes in BMI. This was the
design used in the Nurse study that showed many specific
foods related to weight gain in adults®*. However, those
individuals who change their intake during follow-up may
do so because of a health outcome, mainly to avoid weight
gain. Although IPAQ could not accurately capture phy-
sical activity data, we observed that compared to their
counterparts in the 1st quartile, adolescents in the 4th
quartile of UPF consumption had higher physical activity
levels.

In conclusion, the results favor the hypothesis that to
curb excessive weight gain, messages regarding the quality
of diet should be combined with a reduction in food
intake.
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