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Abstract

Background: Ultra-processed food consumption and obesity have been highlighted as
an important relationship to public health. We aimed to evaluate the association between
ultra-processed food consumption and body fat from 6 to 11 years of age.

Methods: We assessed the association between ultra-processed food consumption (from
food frequency questionnaires) and body fat (measured by air displacement plethysmogra-
phy) between 6 and 11years of age among participants of the Pelotas-Brazil 2004 Birth
Cohort. The NOVA classification was used to classify foods according to the processing de-
gree. Body fat was evaluated relative to the height using fat mass index (FMI). Generalized
estimating equations were used to answer the main research question and mediation analy-
ses were run to assess the direct and indirect effect of ultra-processed food in body fat.
Results: At fully adjusted analysis, an increase of 100 g in contribution from ultra-
processed food to daily food intake at between 6 and 11 years of age was associated with
a gain of 0.14kg/m? in FMI in the same period; 58% of the total effect of ultra-processed
food intake at 6 years (in grams) over the change in FMI from 6 to 11 years was mediated
by its calorie content.

Conclusions: Ultra-processed food consumption was associated with an increase in
body fat from childhood to early adolescence, and this association was not just due to
the effect of ultra-processed food on calorie content.
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Key Messages

ture is scarce regarding children and adolescents.

11-year follow-ups.

content.

¢ Ultra-processed food consumption has been linked to obesity and several health-related outcomes; however, litera-
* This prospective and longitudinal study used data from the Pelotas-Brazil 2004 Birth Cohort, including the 6- and
* An increase of 100 g in contribution from ultra-processed food to daily food intake between 6 to 11years of age was

associated with a gain of 0.14kg/m? in fat mass index in the same period.
* Mediation analysis showed that the role of food processing in body fat accumulation is, possibly, beyond its calorie

Introduction

Obesity in childhood and adolescence is an important issue
in public health, taking into consideration its rising preva-
lence globally' and that obese individuals in early life tend
to remain obese in the life course, affecting health in the
medium and long term.” In low- and middle-income coun-
tries, overweight prevalence in those early stages of life in-
creased between 1980 and 2013 from 8.1% to 12.9% in
boys and from 8.4% to 13.4% in girls."!

In the same period in which worldwide increase in obe-
sity was observed, changes in food patterns were noted, in-
cluding the replacement of basic traditional foods by
ready-to-eat products®™* currently classified as ultra-
processed food, which contain substances for industrial use
only, as colouring and flavoring.” In Brazil, household
availability of these products has increased, leading to the
rise of energy density, fat and sugar in the diet and to the
decrease of fibre and protein intake.®

The relationship between household availability or con-
sumption of ultra-processed food and obesity has been
highlighted in the literature,”'* with a 26% higher risk of
developing overweight among adults with high consump-
tion of ultra-processed foods.'® Asfaw et al. pointed out
that an increase of 10 percentage points in the energy con-
tribution from these products resulted in an addition of
4.2% in the body mass index (BMI) among 10-year-olds or
older individuals.” The same association was not found in
studies that evaluated adolescents only, possibly due to
lack of power.®!1-12

The role of ultra-processed food in health has been dis-
cussed currently not only in relation to its high energy den-
sity.'? High palatability, packages with large portion sizes
and persuasive marketing are characteristics that lead to a
higher consumption of these foods’. Besides, their struc-
ture and degree of processing seem to lead to a lower sati-
ety and a higher glycaemic response.'® Despite its

importance, studies evaluating the effect of ultra-processed
food consumption on obesity among children and adoles-
cents are scarce, mainly by longitudinal designs.
Furthermore, most of the literature uses BMI to define the
outcome which, despite being a method of easy applicabil-
ity and of low cost, does not allow discriminating the body
volume and body fat. The excess of fat mass is related to a
higher risk of premature morbidity and mortality, due to
metabolic dysregulation, regardless of body weight.'

In this way, we aimed to evaluate the association be-
tween ultra-processed food consumption and body fat be-
tween 6 and 11 years of age, among participants of a birth
cohort.

Materials and Methods

This was an observational study with a prospective and lon-
gitudinal design, using data from the 2004 Pelotas-Brazil
Birth Cohort. All newborns to mothers residing in the urban
area of Pelotas or Jardim América (neighbourhood adjoin-
ing Pelotas, belonging to the municipality of Capao do
Leao) were eligible to the cohort. Deliveries that occurred
in all of the city’s maternity hospitals in the year 2004 were
eligible to the study. Mothers of 4231 children born alive
accepted to participate and were interviewed soon after the
delivery (refusal rate less than 1%) and their newborns
were examined (perinatal study). Methodological details of
the cohort are described in other articles.'®!”

Data from the perinatal study and from the 6- and 11-
year follow-ups, carried out in 2010-11 and 2015, were
used in the current analyses. A total of 98 children died be-
tween birth and 11 years of age. Response rates for 6- and
11-year follow-ups were 90.2% and 86.6%, respectively.
Trained interviewers applied standard and pre-codified
questionnaires in the perinatal and follow-up interviews.
The follow-ups were carried out in a clinic structured for
the research.'®!”
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Body fat

Body fat data were obtained by air displacement plethys-
mography (BODPOD®) that provides a direct estimation
of body fat in kilograms. Values from the equipment were
converted into an index relative to the height. Fat mass in-
dex (FMI) was the outcome of interest and was calculated
by dividing the value of body fat in kilograms by the height
in metres squared, using in continuous format. Body
weight was measured with a high-precision scale with
0.01-kg resolution (model BWB-627-A, Tanita, Tokyo,
Japan). A Harpenden® portable stadiometer with maxi-
mum height of 2.06 metres and 1 mm of accuracy was used
to measure height. Anthropometric measurements were
run by standardized anthropometrists. Standard equations
were used to define body fat by air displacement plethys-
mography (Wells et al., 2011 and Lohman, 1989) at 6- and

11-year follow-ups, respectively.'®!?

Dietary assessment

Participants’ food consumption was investigated by quan-
titative food frequency questionnaires (FFQ) which con-
tained 54 and 88 items at 6- and 11-year follow-ups,
respectively, evaluating food habits of the 12 months pre-
ceding the interview. For each food item, it was questioned
how many times it was consumed in a day, week, month
or year and if the intake was usually lower than, equal to
or higher than the average portion. Average portion sizes,
based on domestic measures according to the Table for
Assessment of Food Intake in Household Measures,?® were
presented to the participant verbally and with the help of
images. At 6-year follow-up, mothers answered the FFQ
alone and at 11-year follow-up, with the help of
participants.

The reported frequency of consumption of each item of
the FFQ was first converted into annual consumption. For
this, at the 6-year follow-up, the frequencies were multi-
plied by 1, 12, 52 or 365.25, if the reported unit was year,
month, week or day, respectively. At 11-year follow-up,
the possible answers represented a consumption of, respec-
tively, zero, 12, 52, 104, 260, 365.25, 730.5 and 1826.25
times a year.”! Then, using the daily frequency consump-
tion and reported portion size, the quantity in grams of
each food was calculated. Macronutrients (carbohydrates,
proteins and lipids) were defined for each food item, based
on the consumed value in grams and on the Brazilian Food
Composition Table (TACO)** or on the United States
Department of Agriculture (USDA) Nutrient Database for
Standard Reference,23 when not available in TACO.
Energy values in kilocalories for each item were obtained
multiplying carbohydrates and proteins by 4 kilocalories

and lipids by 9 kilocalories.** Finally, the total daily energy
intake was calculated grouping kilocalories from carbohy-
drates, proteins and lipids from all food items.

Ultra-processed foods (main exposure)

The FFQs items were distributed in the four groups pro-
posed by the NOVA classification (unprocessed or mini-
mally processed foods, processed culinary ingredients,
processed foods and ultra-processed foods).’. Totals of 18
and 26 food items were classified as ultra-processed at 6-
and 11-year follow-ups, respectively (Supplementary Table
S1, available as Supplementary data at IJE online). For this
study, the main exposure was daily ultra-processed food
consumption in grams from 6 to 11 years of age.

Covariables

Potential confounders included maternal characteristics:
age (<24, 25-34, >35years), schooling (0-4, 5-8, 9-11,
>12 completed years of study) and self-reported skin col-
our (white, brown/yellow/indigenous or black); character-
istics of the child at birth: sex (male or female) and low
birthweight (<2500g); and characteristics of the partici-
pant at 6- and 11-year follow-ups: screen time (watching
TV >2h/day or daily use of videogame or computer), ratio
between daily energy intake and expenditure, consumption
from sources other than ultra-processed food (in grams:
the sum of the three other food processing groups—unpro-
cessed or minimally processed foods, processed culinary
ingredients and processed foods) and total daily energy
intake.

In order to reduce misclassification bias from under- or
over-reporting inherent to the use of FFQ, an energy in-
take/expenditure ratio was applied in the adjustment,
according to Leech et al. (2018).%° This method has been
used in other studies in the field.?®*” For this, energy in-
take was the total daily energy intake, and energy expendi-
ture was estimated by equations proposed by the Institute
of Medicine (IOM),?® considering sex, nutritional status
and level of physical activity. Nutritional status was classi-
fied by BMI in low and normal weight (BMI-for-age < +1
z-score) or overweight (BMI-for-age > +1 z-score).”’ At 6-
year follow-up, the level of physical activity was evaluated
by the Netherlands Physical Activity Questionnaire.”® At
11-year follow-up, the level of physical activity was deter-
mined by accelerometers (GENEActiv; ActivInsights,
Kimbolton, UK and Actigraph® GT3X) used by the partici-
pants for about 6 days with a 24-h protocol, and the raw
data were analysed with R-package GGIR.*'Moderate-to-
vigorous intensity physical activity data were used (cut-off
point of 100 mG, an acceleration threshold corresponding
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to the walk; and 10-min bout).*" For both follow-ups,
quartile cut-offs were set to classify participants as very

low active, low active, active and very active, according to
the levels defined by the IOM.?®

Data analyses

Data were collected and entered directly in software
Pendragon and REDCap (Research electronic data cap-
ture).” The statistical package Stata version 12.1 was used
to run the analyses. Daily consumption of ultra-processed
food between 6 and 11years of age was described in
grams, calories, percent grams (% grams) and percent calo-
ries (% calories). Generalized estimating equations (GEE)
were used to evaluate the association between ultra-
processed food consumption in grams and FMI from 6 to
11 years of age, taking the repeated nature of the measures
and the correlation between data into consideration. For
this, a minimal adjustment model had been previously de-
fined by linear regression, when quality parameters and re-
sidual normality were assessed. The minimal adjustment
model included maternal skin colour, age and schooling,
participant sex, birthweight, screen time and energy in-
take/expenditure ratio at 6- and 11-year follow-ups.
Interaction between the main exposure and sex, age at
menarche (for girls) and level of physical activity was
tested but no evidence of effect modification was found.

Due to the different number of food items in the FFQ
from the 6- and the 11-year follow-up and in order to im-
prove comparability between follow-ups, the final full ad-
justed analyses included the control for consumption of
other than ultra-processed foods (a sum of the three other
groups—unprocessed or minimally processed foods, proc-
essed culinary ingredients and processed foods). Also, al-
though the total caloric intake represents a possible
mediator, we ran another model including it into the mini-
mal adjustment as a sensitivity analysis to evaluate the ef-
fect of being ultra-processed and not the effect of its calorie
content.

To investigate the direct and indirect role of food proc-
essing degree in body fat, a mediation analysis was run us-
ing G-computation.®® First, the pure natural direct effect
(NDE) of ultra-processed food consumption (in grams) at
6years of age over the change in body fat from 6 to
11 years of age was calculated. Then, the pure natural indi-
rect effect (NIE) (the effect of ultra-processed food at
6years of age over the change in body fat from 6 to
11 years of age that was mediated by the calorie content of
ultra-processed foods) was estimated. These effects were
obtained taking into consideration the interaction between
exposure (ultra-processed food consumption in grams) and
the mediating variable (ultra-processed food consumption

in calories). For theoretical reasons (differences between
boys and girls during childhood and adolescence related to
body composition),** all the analyses were stratified by
sex.

The Ethics Committee of the Faculty of Medicine of the
Federal University of Pelotas approved the perinatal study
and the 6- and 11-year follow-ups (of. 4.06.01.116, of. 35/
10 and of. 889.753, respectively). Mothers or legal care-
givers signed a consent term, authorizing the child’s partic-
ipation in all follow-up stages. At 11-year follow-up, the
cohort participants also signed an agreement term.

Results

At 6 and 11 years of age, 3128 and 3454 participants, re-
spectively, had information on FFQ and body fat and were
included in the analyses. In perinatal interview, mean
(standard deviation: SD) maternal age was 26.1 (6.8)
years, almost half of the mothers (41.4%) had 5-8 years of
schooling and 73.0% self-declared white skin colour.
Among the newborns, 51.9% were male and the preva-
lence of low birthweight was 10% (Table 1). There was no
difference in the distribution of the 6- and 11-year follow-
up samples compared with the original sample in terms of
the above-described variables (Table 1).

At 6years of age, the average weight, height and FMI
among boys were 25.1kg, 121.5 cm and 3.9 kg/m?, respec-
tively; and 24.8 kg, 120.2cm and 4.5 kg/m?, respectively,
among girls. For the 11-year follow-up, the average
weight, height and FMI for boys were 41.7 kg, 144.8 cm
and S5.4kg/m? respectively; and for girls, 43.1kg,
146.5 cm and 5.5 kg/m?, respectively (Table 2).

Table 3 presents median (interquartile range: IQR) daily
food consumption at 6 and 11 years of age, according to
the processing level of the food. Most of the amount of the
food consumed per day was unprocessed or minimally
processed: 1507 g (IQR 1134.2; 2002.5) at 6 years, and
1578.6 g (IQR 1142.0; 2238.8) at 11years. At 6 and
11years of age, median daily consumption of ultra-
processed food was 948.6 (IQR 605.0; 1429.9) and 646.6
(IQR 395.4; 1030.6) grams, respectively (Table 3).
Considering the percentage of daily energy contribution
from the total energy intake, 44.2% (IQR 37.1; 51.5) and
52.3% (IQR 44.7; 60.2) was unprocessed or minimally
processed at 6 and 11 years, respectively. Ultra-processed
food provided 42.0% (IQR 34.6; 49.8) and 32.7% (IQR
25.1; 41.3) of the total daily calorie intake, respectively, at
6 and 11 years old (Table 3). Median energy intake/expen-
diture ratio was 2.2 (IQR 1.8; 2.9) and 1.6 (IQR 1.2; 2.4),
respectively, at 6 and 11 years old.

In the whole sample and separately for boys and girls,
ultra-processed food consumption was associated with
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Table 1 Description of the original sample and participants assessed at 6 and 11years of age in the 2004 Pelotas Birth Cohort

(n=4231)

Variables Original sample 72 (%) 6 years (n=3424) P-value® 11 years (n=3514) P-value®

Maternal characteristics

Age (years)? 26.1(6.8) 26.1(6.8) 0.702 26.3 (6.9) 0.276

Age (years) 0.905 0.539
<24 1947 (46.1) 1560 (45.6) 1576 (44.9)

25-34 1717 (40.6) 1398 (40.8) 1448 (41.2)
>35 563 (13.3) 464 (13.6) 488 (13.9)

Skin colour 0.736 0.898
White 3088 (73.0) 2512 (73.4) 2561 (72.9)
Black/brown/yellow/indigenous 1141 (27.0) 912 (26.6) 953 (27.1)

Schooling (years of school)? 8.1(3.5) 8.2 (3.4) 0.452 8.2 (3.4) 0.447

Schooling (years of school) 0.729 0.639
0-4 654 (15.6) 499 (14.7) 519 (14.9)

5-8 1731 (41.4) 1429 (42.2) 1447 (41.6)
9-11 1381 (33.0) 1122 (33.1) 1183 (34.0)
>12 420 (10.0) 340 (10.0) 332(9.5)

Cohort member characteristics

Sex 0.963 0.855
Male 2195 (51.9) 1775 (51.8) 1816 (51.7)

Female 2034 (48.1) 1649 (48.2) 1698 (48.3)

Low birthweight (<2500 g) 0.100 0.102

Yes 423 (10.0) 304 (8.9) 313 (8.9)

#Mean (standard deviation).
"In relation to the original sample.

Table 2 Weight, height and fat mass index in the cohort par-
ticipants at ages 6 and 11years in the 2004 Pelotas Birth
Cohort

Variables 6 years 11 years
n Mean (SD) n Mean (SD)
Boys
Weight (kg) 1762 25.1(5.9) 1789 41.7 (11.4)
Height (cm) 1896 121.5(5.6) 1809 144.8 (7.2)
Fat mass index (kg/m?) 1739 3.9(2.1) 1788 5.4 (3.3)
Girls
Weight (kg) 1653 24.8(6.1) 1682 43.1(12.2)
Height (cm) 1757 120.2(5.7) 1696 146.5(7.7)
Fat mass index (kg/m?) 1635 4.5(2.3) 1679 5.5(3.2)

SD, standard deviation.

FMI between 6 and 11 years of age. In crude analysis, for
the whole sample and separately for boys and girls, higher
consumption of ultra-processed food was associated with a
lower FMI from 6 to 11 years of age. However, at the full
adjusted analysis a daily increase of 100 grams in the con-
tribution from ultra-processed food was associated with a
gain of 0.14 kg/m? in FMI from 6 to 11 years. Even adjust-
ing for total calorie intake (sensitivity analysis), consump-
tion of ultra-processed food remained associated with FMI

(Table 4).

In mediation analysis, 58.2% [0.07 (95% confidence in-
terval: 0.05-0.10)] of the total effect of ultra-processed
food consumption at 6 years (in grams) over the change in
FMI from 6 to 11 years of age was mediated by its calorie
content. The remaining 41.8% was the direct effect of
ultra-processed food or the effect of variables that had not
been measured (Figure 1).

Discussion

In summary, our study showed that ultra-processed food
consumption from 6years of age to early adolescence is
positively associated with fat mass index in the same pe-
riod. Additionally, the effect of ultra-processed food intake
on body fat seems not to be exclusively due to its calorie
content but also to other direct mechanisms. Ultra-
processed food represents, currently, one of the main sour-
ces of food supply in high-, middle- and low- income coun-
environment  and

tries, creating an obesogenic

collaborating in the increase in the burden of non-
communicable chronic diseases.

We found that 42% and 33% of the daily energetic
value consumed at 6 and 11 years of age, respectively, was
from ultra-processed food. Other Brazilian studies found
similar percentages of about 38% for the childhood popu-

lation (4-8years old).>**” There is no information from
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Table 3 Daily consumption (in grams/day, calories/day and percentage of daily energy contribution), according to the food proc-
essing level, at ages 6 and 11 years in the 2004 Pelotas Birth Cohort

Variables 6 years 11 years
n Median (IQR) n Median (IQR)
Grams 3424 3514
Unprocessed or minimally processed foods 1506.5 (1134.2; 2002.5) 1578.6 (1142.0;2238.8)
Processed culinary ingredients 25.6 (05 51.3) 15.2 (2.8; 30.8)

Ultra-processed foods 948.6 (605.0; 1429.9) 646.6 (395.4;1030.6)

( (
( (
Processed foods 104.3 (54.3;172.3) 133.1(79.4; 160.4)
( (
1661.6 (1267.2; 2171.7) 1734.7 (1259.2; 2413.9)

Other sources (total)?

Other sources (total) 1904.3 (1509.5; 2433.3) 2034.3 (1515.4; 2825.7)

Total calories

% grams 3424 3514
Unprocessed or minimally processed foods 57 5(47.9;68.0) 66 9 (58.0; 74.8)
Processed culinary ingredients 7(0;1.9) 6(0.2;1.1)
Processed foods 9(2.3;6.1) 9(3.4;7.0)
Ultra-processed foods 36 2(26.1;46.8) 27 0(19.0; 35.8)
Other sources (total) 63.8(53.2;73.9) 73.0 (64.2; 81.0)
Calories 3424 3514
Unprocessed or minimally processed foods 1444.3 (1130.1; 1865.6) 1571.9 (1142.052293.4)
Processed culinary ingredients 102.3 (0; 204.6) 63.4(12.8;128.5)
Processed foods 294.1 (153.6; 482.5) 380.1 (229.0; 463.5)
Ultra-processed foods 1383.8 (1009.9; 1886.5) 1004.2 (644.7;1632.1)
( (
( (

% calories 3424
Unprocessed or minimally processed foods
Processed culinary ingredients
Processed foods
Ultra-processed foods
Other sources (total)

3336.1(2671.3;4225.3)

3091.6 (2306.2; 4386.5)

3514
44.2(37.1; 51.5) 52 3(44.7;60.2)
2(0;5.9) 0(0.5; 3.6)
0(5.5;13.3) 11. 0 (7.5;14.9)
42. O (34.6;49.8) 32.7 (25.1; 41.3)
58.1(50.2;65.4) 67.3(58.7;74.9)

IQR, interquartile range.

2Other sources are the sum of the three other food processing groups: unprocessed or minimally processed foods, processed culinary ingredients and processed

foods.

longitudinal or population-based surveys on the propor-
tion of ultra-processed food consumption among Brazilian
adolescents. In high-income countries, energy contribution
from ultra-processed food was about 55% and 66% for
children and adolescents (219 years old), in Canada and
the USA, respectively.’®** Also, as in the current study,
other authors found a decrease in ultra-processed food
consumption with increasing age.***!

Our findings on the association between ultra-processed
food consumption and body fat are in agreement with the
literature. A systematic review showed that most of the
published studies found a positive relationship between the
consumption of these products and body fat, despite the
fact that the studies had analysed only specific food (like
soft drinks, salty snacks and ice cream) and did not apply
the NOVA classification.**

NOVA classification found an inverse association between

A single study that used

ultra-processed food consumption and fat percentage
(measured by bioelectrical impedance) or BMI.'? The lack
of adjustment to energy intake/expenditure ratio was

probably the reason for failure in detecting such associa-
tion, as highlighted by the authors,'? as well as in other
studies.”®*” We ran complementary analyses to check for
the effect of ultra-processed food consumption over BMI
gain from 6 to 11years of age. In fully adjusted analysis,
each increase of 100 g, 100 calories or 1 percentage point
(in grams or calories) of contribution from ultra-processed
food was associated with an increase of 0.20, 0.31, 0.06
and 0.11 kg/m? in BMI, respectively (Supplementary Table
S2, available as Supplementary data at IJE online). Similar
results were noted for boys and girls. Our findings are con-
sistent with the literature, in spite of the absence of studies
including this age range.®1%*3

In theory, obesity originates in the imbalance between
energy intake and expenditure. However, some authors
have pointed out ultra-processed food consumption as an
obesity vector, not only due to its energy density, but also
because of several other factors not related to the diet’s nu-
trient profile.’®'* A series of food additives are used in the
ultra-processed manufacturing, monosodium glutamate
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Table 4 Association between the consumption of ultra-processed foods (in grams) and fat mass index (kg/m?) between 6 and

11years of age in the 2004 Pelotas Birth Cohort

Ultra-processed food

Fat mass index (kg/mz)

consumption
Total Boys Girls
B (95% CI) P-value B (95% CI) P-value B(95% CI) P-value
Crude analysis —0.03 <0.001 —0.04 <0.001 —-0.03 <0.001
(—0.04;—0.02) (—0.06;—0.03) (—0.04;—0.02)
Minimal 0.09 (0.07; 0.10) <0.001 0.06 (0.05; 0.08) <0.001 0.07 (0.05; 0.09) <0.001
adjustment®
Other food sources 0.14 (0.13; 0.15) <0.001 0.11 (0.09; 0.12) <0.001 0.07 (0.055 0.09) <0.001
adjustment®
Total calorie intake 0.05 (0.04; 0.06) <0.001 0.03 (0.01; 0.04) <0.001 0.04 (0.02; 0.05) <0.001

adjustment®

Grams are in the scale of 100 for better interpretation.

Minimal adjustment: skin colour, maternal age and schooling, birthweight and sex (perinatal), screen time and energy intake/expenditure ratio (6- and 11-

year follow-ups).

bThe association with exposure in grams was adjusted by grams from other food sources than ultra-processed, in addition to the minimal adjustment (other

food sources are the sum of the three other food processing groups).

“The association with exposure in grams was adjusted by total calorie intake, in addition to the minimal adjustment.

among them. In animal models, high doses of this sub-
stance are toxic to neurons involved in the regulation of
metabolic homeostasis, including secretion and action of
insulin, leading to an increase in fasting blood glucose lev-
els and severe visceral fat accumulation.** Also, the higher
the degree of food processing, the greater the potential to
increase blood glucose levels and to decrease the satiety in-
dex, important mechanisms linked to the body fat accumu-
lation.'** These mechanisms involve the action of the
glucose-dependent insulinotropic polypeptide (GIP), an in-
testinal hormone that induces insulin release by pancreas
after blood glucose increase. Considering that foods with a
high glycaemic index promote a rapid increase in blood
glucose and, consequently, a greater release of GIP, there is
an early response of insulin, characterized by increased fat
deposition and decreased fat oxidation. Additionally, GIP
acts in the brain, increasing the release of neuropeptide Y
(NPY), a hormone responsible for increasing appetite.*’
Additionally, Zinocker and Lindseth raised the discus-
sion about the role of food processing degree in structural
and behavioural changes in the human microbiome, this in
turn leading to organism inflammation.**Ultra-processed
food would provide readily accessible and more easily di-
gestible substrates that can facilitate growth potential and
changes of the gut microbiota.* In rats, high-sugar diet in-
creased gut inflammation and altered vagal gut-brain com-
munication, with an increase in body fat accumulation.*”
It is important to highlight some limitations in our
study. Although the FFQ was built specifically to evaluate
food consumption in the study population, it was not de-
veloped with the objective of evaluating the degree of food

processing, which made it impossible to obtain additional
information on the preparation of food. For this reason,
food items from the FFQ were classified in a more conser-
vative way: culinary preparations such as lasagna, for ex-
ample, were considered as minimally processed food and
breads (whole or white), considered as processed foods.
There was a different number of food items in the 6- and
11-year FFQs. However, the extra food items in the 11-
year follow-up were proportionally distributed among the
four food processing groups. Besides, to improve the com-
parability between follow-ups, statistical control for grams
from other food sources than ultra-processed was
employed. Physical activity was measured differently at 6
and 11-year follow-ups; however, the questionnaire which
was used at 6 years showed a good predictive value, com-
paring with accelerometers, and correlation coefficients
were similar to those found in other questionnaires assess-
ing physical activity. Considering that physical activity was
used only for adjustment (energy intake/expenditure ratio),
we believe this difference may not interfere in the overall
results. Level of physical activity was also used as a poten-
tial confounder variable in the fully adjusted models but
the results were the same (data not presented). Also, the
absence of data from boys’ pubertal stage was a limitation,
although in girls we found no evidence of effect modifica-
tion by the age of menarche. Participants included in the
analyses were representative of deaths in all independent
variables, except for low maternal education and low
birthweight, both reflecting low socioeconomic status.
Information from the same dataset showed that partici-
pants whose mothers reported lower education had a
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Figure 1 Direct and indirect effect of ultra-processed food consumption
in grams at 6 years of age on the change in the fat mass index from 6 to
11years of age. (a) Total sample; (b) boys; and (c) girls. UP, ultra-proc-
essed food; FMI, fat mass index; NDE, natural direct effect; NIE, natural
indirect effect

higher consumption of ultra-processed foods and, there-
fore, a higher fat mass index (data not presented). In this
way, estimates of both ultra-processed food consumption
and fat mass index, as well as the association between
them, could be underestimated. On the other hand, there
were no differential losses at 6- and 11-year follow-ups,
when compared with the original sample.

Mediation analysis showed an effect of ultra-processed
food consumption (in grams) over FMI that was not medi-
ated by its calorie content. Besides energy content and
other mechanisms that can lead to body fat accumulation,
part of this result may be due to limitation of FFQ in mea-
suring absolute calories. As a result, the actual calorie-
mediated effect could be greater than observed.
Nevertheless, our results collaborate to strengthen the hy-
pothesis of the causal relationship between ultra-processed
food consumption and body fat.

Study strengths include meticulous methods applied in
the cohort both for exposure and for outcome data collec-
tion and definition. The longitudinal study design, together
with the longitudinal methodology of analysis (GEE and
mediation analysis), increase the study robustness. Finally,
the majority of the studies in the field had analysed ultra-
processed food as a percentage of calorie contribution, a
relative measure that depends on the calorie contribution
from other food sources. Therefore, to allow comparability
with other studies, we ran the analyses taking the exposure
in calories, % grams and % calories; and a direct effect of
ultra-processed food intake over the FMI was also ob-
served for both boys and girls (Supplementary Table S3,
available as Supplementary data at IJE online).

In conclusion, our study showed an important effect of
ultra-processed food intake from childhood to early ado-
lescence over the fat mass index change during the period.
In addition, our results suggest that the role of food proc-
essing in body fat accumulation is beyond its calorie con-
tent. Measures to reduce ultra-processed food and to
increase minimally processed natural food availability,
purchase and consumption would contribute to prevent
body fat increase and associated chronic non-
communicable diseases.

Supplementary data

Supplementary data are available at IJE online.
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