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Abstract

Objective: To verify if the intake of ultra-processed foods is associated with higher
BMI and waist circumference (WC) among participants of the Brazilian
Longitudinal Study of Adult Health (ELSA-Brasil) cohort.

Design: Cross-sectional analysis of the ELSA-Brasil baseline (2008-2010). Dietary
information obtained through an FFQ was classified according to characteristics of
food processing (NOVA) and used to estimate the percentage energy contribution
from ultra-processed foods (i.e. industrial formulations, elaborated from food
processing, synthetic constituents and food additives) to individuals’ total energy
intake. BMI and WC and their respective cut-off points served as response
variables. Associations were estimated through linear and multinomial logistic
regression models, after adjusting for confounders and total energy intake.
Setting: Six Brazilian capital cities, 2008-2010.

Subjects: Active and retired civil servants, aged 35-64 years, from universities and
research organizations (12 8977).

Results: Ultra-processed foods accounted for 22:7 % of total energy intake. After
adjustments, individuals in the fourth quartile of percentage energy contribution
from ultra-processed foods presented (f; 95% CD a higher BMI (0-80; CI 0-53,
1.07 kg/mz) and WC (1-71; 1-02, 2-40 cm), and higher chances (OR; 95% CD of
being overweight (1-31; 1-13, 1-51), obese (1-41; 1-18, 1-69) and having
significantly increased WC (1-41; 1-20, 1-66), compared with those in the first
quartile. All associations suggest a dose—response gradient.

Conclusions: Results indicate the existence of associations between greater energy
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contribution from ultra-processed foods and higher BMI and WC, which are Obesity
independent of total energy intake. These findings corroborate public policies Waist circumference
designed to reduce the intake of this type of food. ELSA-Brasil

Obesity is an epidemic caused by a complex and multi-
causal process, which currently affects high-, middle- and
low-income countries™”. According to the WHO, in 2014,
there were more than 1-9 billion overweight adults, of
whom 600 million were obese'”. The Global Burden of
Disease Project estimated that, in 2015, high BMI was the
world’s fourth leading risk factor, largely contributing to the
global burden of chronic non-communicable diseases and
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disabilities'”. In Brazil, the increase in obesity prevalence
has been documented since the 1970s through national
surveys and there has been a clear accelerated rise in the
last two decades®™.

In addition to greater incidence and prevalence of
obesity, there has also been a marked increase in the
production and consumption of ultra-processed foods>® .
Industrial processing creates ‘food products’ made from
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substances extracted from foods or obtained from foods or
synthetic constituents and food additives. Ultra-processed
foods have high energy density, high levels of Na, free
sugars and total, saturated and trans fats, as well as low
levels of fibre, protein, micronutrients and phytochem-
icals. In addition, they are highly palatable, accessible and
have a long shelf-life”™. Some examples of ultra-
processed foods include hamburgers, sausages, cold
meats, pizza, industrialized snacks, instant noodles, dis-
tilled beverages, diet and regular soda, candies, cereal bars
and other fast-food meals.

Recent evidence in Brazil and other countries has
shown an association between the intake or purchase of
ultra-processed foods in general®®1? or of specific
ultra-processed foods" '™ and weight gain, overweight
and obesity. Canella et al® recently found a positive
association between availability of ultra-processed foods
at home and an increase in mean BMI and prevalence of
overweight and obesity, using data from the Brazilian
Household Budget Survey 2008-2009. By applying the
module relative to individual dietary habits from this
same survey (considering two 24 h food-intake registers),
Louzada et al.® also observed that a high ultra-processed
food intake in adults and adolescents was associated with
increased mean BMI and higher risk of overweight and
obesity. A prospective study with adults participating in
the SUN study (University of Navarra Follow-up) also
demonstrated an association between ultra-processed
food intake and a higher risk of overweight and
obesity'”. However, these studies used only BMI as an
anthropometric indicator of nutritional status.

Although BMI is a widely used measure in epidemiol-
ogical studies for general adiposity, it has been considered
a poor/insufficient indicator of obesity, since it is not able to
separate muscle and adipose tissues or identify body fat
distribution®>™”. Moreover, BMI is less associated with the
risk of developing CVD and diabetes as compared with
waist circumference (WC), which is an indicator frequently
used to measure central adiposity>.

Thus, the objective of the present study was to investigate
the association between intake of ultra-processed foods and
BMI and WC among participants in the baseline of the
Brazilian Longitudinal Study of Adult Health (ELSA-Brasil;
2008-2010). Our hypothesis is that a higher intake of ultra-
processed foods is associated with a higher BMI and WC.

Methods

The present study is a cross-sectional analysis of ELSA-
Brasil baseline data, carried out between August 2008 and
December 2010. ELSA-Brasil is a multicentre cohort com-
prising 15105 active or retired civil servants, aged 35-74
years, from universities (teaching and research organiza-
tions) in six Brazilian capital cities (states of Minas Gerais,
Sao Paulo, Rio de Janeiro, Rio Grande do Sul, Espirito Santo
and Bahia). Exclusion criteria for the ELSA-Brasil cohort
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were severe cognitive or communication impairment,
intention to change job or stop working in the institution in
the near future and, among those retired, residing outside
the corresponding metropolitan area. Women with current
or recent pregnancy were not included as such; their
interview and examination were postponed to four or more
months after delivery™®. Further details about the study
design, enrolment process and other information can be
found in a previous study"®. Details about the cohort
profile were previously presented by Schmidt et al."”.

Out of 15105 ELSA-Brasil participants, forty-five were
ineligible for the present study for not presenting
information on dietary habits (z 36) and/or anthropo-
metric measurements, BMI (nz 6) or WC (n 3). Exclusion
criteria also included: (i) participants with an energy intake
<1st percentile (4796 kJ/d (1146-3 kcal/d); n 150) or >99th
percentile (30 028kJ/d (71769 kcal/d); n 151), due to the
risk of under- or overestimating energy intake; (i) parti-
cipants who underwent bariatric surgery (regardless of the
date of the surgery; n 107) because of food intake
alterations; (iii) individuals aged 65 years or over (1 1592)
due to body composition changes observed in this age
group regarding BMI and especially WC, which does not
track central adiposity as well in older v. younger indivi-
duals®**"; and (iv) participants who changed their dietary
habits or went on a diet six months before the interview
(1 4158). Therefore, the final sample was made up of 8977
participants. For other variables with missing data, exclu-
sions took place only during the multivariate analysis.

For the present study, two response variables were
used: BMI and WC, and both were analysed as continuous
and categorical variables. BMI was obtained from weight
and height (kg/m?) and the individuals were classified as
eutrophic (BMI <25-0kg/m?), overweight (BMI=25-0—
29-9kg/m?) and obese (BMI > 30-0 kg/m*)">. Weight was
measured on an electronic scale (Toledo®, Sio Bernardo
do Campo, Sao Paulo, Brazil) with 50 g precision. Height
was measured using a stadiometer (Seca®, Hamburg,
Germany) with 0-1 cm precision.

WC was classified according to the WHO cut-off points
as normal (<94 cm for men; <80 cm for women), increased
risk for metabolic complications (>94 and <102cm for
men; >80 and <88cm for women) and significantly
increased risk for metabolic complications (>102cm for
men; >88cm for women)”, and herein called ‘increased
WC and ‘significantly increased WC', respectively. WC was
measured at the mean point between the last rib and the
iliac crest. For this measurement, a non-elastic anthropo-
metric tape was used (Mabis®, Waukegan, IL, USA) with
0-1 cm precision.

All measurements were taken by a trained and certified
research team, and the participants were fasted, with an
empty bladder, wearing uniforms and barefoot'*?.

The explanatory variable was the percentage energy
contribution from ultra-processed foods in total energy
intake, which was grouped into quartiles. Information on
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dietary habits was obtained through a semi-quantitative
FFQ with 114 food items, which measured dietary habits
of the 12 months before the interview®. The FFQ
presented satisfactory reliability for all nutrients and
reasonable relative validity for energy, macronutrients, Ca,
K, and vitamins E and C. In the reproducibility analysis,
the intraclass correlation coefficients varied between 0-55
and 0-83 for protein and vitamin E, respectively. In the
validation analysis, they varied between 0-20 and 0-72 for
Se and Ca, respectively®®.

The quantification of nutrients listed on the FFQ was
carried out based on the following calculation: quantity
of portions consumed per meal X weight/portion size X
frequency of consumption X nutritional composition of the
food portion. Nutritional composition of the food items was
obtained through the Nutrition Data System for Research
(NDSR) software from the University of Minnesota and
based on the Brazilian Food Composition Database
(TACO) from the Universidade Estadual de Campinas®®.

Ultra-processed food intake was estimated using NOVA,
a classification proposed by Monteiro et al.”, who divided
foods according to their nature, extension and purpose of
processing into four groups, as follows: Group 1, unpro-
cessed or minimally processed foods; Group 2, processed
culinary ingredients; Group 3, processed foods; and
Group 4, ultra-processed foods®”. In the ELSA-Brasil
study, processed culinary ingredients were grouped with
unprocessed or minimally processed foods.

Ultra-processed foods were defined as industrial for-
mulations elaborated from substances extracted from
foods or obtained from foods or their synthetic con-
stituents and food additives such as flavours, preservatives
and sweeteners””®. Compared with other food groups,
these formulations are energy-dense and are higher in Na,
free sugars, total, saturated and trans fats, as well as lower
in fibre and micronutrients. Examples of ultra-processed
foods are shown in the online supplementary material,
Supplemental Table 1.

Four variable groups were considered for adjustment:
sociodemographic characteristics, socio-economic indi-
cator, health-related behaviours and co-morbidities. Socio-
demographic characteristics included sex, age and self-
reported race/skin colour (white, brown, black, Asian or
indigenous). The socio-economic indicator analysed was
per capita family income (categorized into quintiles).

Health-related behaviours included smoking (never
smoked, former smoker, smoker), leisure-time physical
activity (low, moderate, vigorous), energy intake from
unprocessed or minimally processed foods and processed
culinary ingredients (Group 1 + Group 2) and total energy
intake. Energy intake from unprocessed or minimally
processed foods and processed culinary ingredients was
categorized into quartiles. Some examples of this group
include fruits, vegetables, meats, rice, beans, salt and
vegetable oils. Physical activity was measured using the
dimension of leisure-time physical activity through the
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International Physical Activity Questionnaire (IPAQ) and
classified as low (<600 MET min/week), moderate
(600-3000 MET min/week) and vigorous (=3000 MET
min/week), where MET is metabolic equivalent of task‘®**”.

As for co-morbidities used for adjustment, medical
diagnosis report of diabetes mellitus (no and yes) and
hypertension (no and yes) was obtained through the
question: ‘Has your doctor ever told you have had or have
one of the following diseases?”. The possible answers were
‘no’, ‘yes, only during pregnancy’ and ‘yes’. For the present
study, the answer ‘yes, only during pregnancy’ was
grouped with the option ‘no’.

Analysis
First, a descriptive analysis of the study population was
conducted with distribution of means and sp for continuous
variables, and of proportions for categorical variables.
The magnitude of the association between ultra-
processed food intake and BMI and WC was estimated
by multiple linear regression. Additionally, the association
between ultra-processed food intake and categorized BMI
and WC was estimated by multinomial logistic regression;
in that, the reference categories were eutrophic and nor-
mal WC. Separate models were created for each response
variable. Raw coefficients were estimated first, followed by
consecutive adjustments for sociodemographic and socio-
economic characteristics, and health-related behaviours
and co-morbidities. For clarity, the adjustments for
Group 1 + Group 2 energy intake and total energy intake
are shown separately in the two last models. Only the
variables associated with the response variables at a
significance level of 20% or less were included in the
multivariate analysis. In the multivariate analyses, we used
a significance level of 5% to retain a variable in the final
model, except for sex, Group 1 + Group 2 energy intake
and total energy intake that were kept regardless of their
P value. The adequacy of the linear regression models to
the assumptions of homoscedasticity and normality was
verified through graphs. The analyses were carried out
using the statistical software package Stata version 12.1.

Results

Of 8977 patticipants, most were female (51-9%), aged
45-54 years (43-6%) and self-reportedly  white
(52-0%; Table 1). According to BMI classification, 38-7 %
of participants were overweight and 19-7% were obese.
Regarding WC, 26:9% of participants were in the
‘increased’ and 31-:0% in the ‘significantly increased’ risk
categories for metabolic complications. Ultra-processed
foods accounted for 22:7 % of total energy intake.

Figure 1 shows the distribution of mean BMI (Fig. 1(a))
and mean WC (Fig. 1(b)), and their respective 95% CI,
adjusted for sex and age, according to ultra-processed
food intake quartiles. The results suggest mean BMI and
WC are greater as ultra-processed food intake increases.
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Table 1 Descriptive characteristics of the analytical sample according to quartile of the relative contribution of ultra-processed foods to total
energy intake in the Brazilian Longitudinal Study of Adult Health (ELSA-Brasil), 2008—-2010 (n 8977)

Overall population

Quartile of consumption of ultra-processed
foods (% of total energy)

1st 2nd 3rd 4th
% or Median (<16 %) (16—22 %) (22-29 %) (>29 %) P value
Sex (%) <0-001
Female 51.9 216 23-6 26-2 28-6
Male 481 287 265 238 210
Age group (%) <0-001
35-44 years 23-6 16-4 22.9 261 34-6
45-54 years 43-6 24.6 25.2 25-8 24.4
55-64 years 32.8 317 26-3 231 189
Race/skin colourt (%) <0-001
White 52-0 187 23-2 272 309
Brown 285 30-5 27.2 22.7 19-6
Black 15-2 35.0 25.9 221 171
Asian 23 24.4 337 239 181
Indigenous 1.0 36-8 195 25.3 184
Per capita family incomet (%) <0-001
1st quintile 14.2 182 235 25.9 324
2nd quintile 23-8 199 255 251 295
3rd quintile 19-3 237 24.9 264 24.9
4th quintile 213 28-2 239 251 228
5th quintile 21.0 33:2 26-4 231 17-3
Group 1+ Group 2 intaket (kJ; median) 75797 89655 8132:0 72735 6073: <0-001
Group 1+ Group 2 intaket (kcal; median) 1811-6 2142-8 19436 17384 14517 <0-001
Total energy intake (kJ; median) 116344 11724.4 11824-4 11661-6 113684 <0-05
Total energy intake (kcal; median) 27807 28022 2826-1 27872 27171 <0-05
Physical activityt (%) 0-09
Low 78-0 24.7 24.6 254 253
Moderate 140 271 26-8 236 225
Vigorous 6-7 253 258 22.7 26-
Smoking (%) <0-001
Never smoked 56-6 23.0 24.7 258 26-6
Former smoker 281 27-3 256 24.0 23.0
Smoker 154 281 25.2 23-8 22.9
Hypertensiont (%) <0-001
No 71-3 231 252 254 26-3
Yes 287 29-8 24.5 24.0 217
Diabetes mellitust (%) <0-001
No 938 238 251 254 25.7
Yes 62 431 236 19-0 14.3

1There may be differences in totals due to loss of information.

$Combined intake of unprocessed or minimally processed foods (Group 1) and processed culinary ingredients (Group 2).

The associations between ultra-processed food
consumption and BMI and WC are depicted in Table 2.
In the univariate analysis, a tendency of greater BMI as
ultra-processed food intake increased was observed, but
this association was not statistically significant (P=0-21).
When adjustments were made for sociodemographic
and socio-economic characteristics, these associations
became statistically significant: individuals in the fourth
ultra-processed food intake quartile presented a mean
BMI 0-83 (95% CI 0-55, 1-11) kg/m? higher than those in
the first quartile, with a dose-response gradient
between the associations. These associations remained
after adjustment for health-related behaviours and
co-morbidities, as did the dose-response gradient. We
observed that individuals in the fourth quartile of
ultra-processed food intake presented a mean BMI 0-80
(95% CI 0-53, 1-07) kg/m* higher than the individuals
in the first quartile.
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Regarding WC, the univariate analysis showed a negative
and decreasing association as ultra-processed food intake
increased. The individuals in the fourth quartile presented a
mean WC 1-11 (95% CI —1-84, —0-37) cm lower than those
in the first quartile. However, when adjustments were made
for sociodemographic and socio-economic characteristics,
these associations became positive and statistically
significant, with a gradual increase between the quartiles.
As compared with the individuals in the first quartile, those
in the fourth ultra-processed food intake quartile presented
a mean WC 1.82 (95% CI 1.11, 2-54) cm higher.
After adjustments for sociodemographic and socio-
economic characteristics, health-related behaviours and co-
morbidities, we observed that individuals in the fourth
ultra-processed food intake quartile presented mean
WC 171 (95% CI 1-02, 2-40) ¢cm higher when compared
with individuals in the first quartile, with the presence of a
dose-response gradient between the associations (Table 2).
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Fig. 1 Distribution of (a) mean BMI and (b) mean waist
circumference (WC) according to quartile of the relative
contribution of ultra-processed foods to total energy intake in
the Brazilian Longitudinal Study of Adult Health (ELSA-Brasil),
2008—2010 (n 8977). Values are means, with their 95% CI
represented by vertical bars, adjusted for sex and age (both
P trend <0-01)

Table 3 shows the results of the multinomial logistic
regression models for the association between ultra-
processed food intake and overweight, obesity and WC
categories. After all adjustments, the individuals in the
fourth quartile, as compared with those in the first quartile
and having the eutrophic participants as reference, had
31% (OR=1-31; 95% CI 1-13, 1-51) and 41 % (OR=1-41;
95% CI 1-18, 1-69) greater odds to be overweight and
obese, respectively, with dose-response gradients in the
associations. Regarding WC, after all adjustments, com-
pared with individuals with normal WC, those in the fourth
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quartile of ultra-processed food intake had 41%
greater odds of presenting a significantly increased WC
(OR=141; 95% CI 1-20, 1-66) compared with those in the
first quartile. No association was found between
ultra-processed food intake and the increased WC cate-
gory (Table 3).

Further adjustments for the consumption of unpro-
cessed or minimally processed foods and processed
culinary ingredients (Group 1 + Group) and total energy
intake (final models of Tables 2 and 3) attenuated the
magnitude of the associations but they remained in the
same direction and statistically significant.

Discussion

The present study stands out for investigating the asso-
ciation between BMI and WC and ultra-processed food
intake. As far as we know, it is also the first to show an
association between WC and ultra-processed food intake
according to the classification proposed by Monteiro
et al”.

After adjustments for sociodemographic characteristics,
socio-economic indicator, health-related behaviours and
co-morbidities, greater BMI and WC were observed as
ultra-processed food intake increased. Similar results were
obtained in the analysis using the cut-off points for over-
weight and obesity, as well as for significantly increased
WC. These results remained positive even after adjustment
for consumption of unprocessed or minimally processed
foods and processed culinary ingredients (Group 1 +
Group 2) and after adjustment for total energy intake.

Our results reinforce the hypothesis that not only the
amount of ingested energy contributes to weight gain, but
also the nature of this energy, as the associations found are
independent of the level of energy intake. It is also worth
pointing out that our explanatory variable was the percen-
tage contribution from ultra-processed foods to total energy
intake; that is, individuals with low total energy intake
(<6276K] (<1500kcal) daily) and those with high energy
intake (>18828k] (>4500kcal) daily) would be both
grouped in the fourth quartile of the explanatory variable if
ultra-processed foods accounted for 29% or more of their
total energy intake. Consequently, the adjustment for total
energy intake may be regarded as an over-adjustment and, if
such, the magnitudes of the associations are higher, as
shown in the models of Tables 2 and 3.

The associations found in the present study can be
partly explained by the characteristics of these foods, such
as accessibility, practicality and high palatability, which
encourage the exaggerated and ‘unnoticed’” consumption
of these foods®. Moreover, these foods present poor
nutritional value due to their high energy density, high
levels of Na, free sugars, total, saturated and trans fats;
their low levels of fibre and micronutrients; and the
presence of artificial flavourings, preservatives and other
additives”*”
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Table 2 Unadjusted and adjusted coefficients (8) of the associations between the relative contribution of ultra-processed foods to total
energy intake (in quartiles) and BMI and waist circumference in the Brazilian Longitudinal Study of Adult Health (ELSA-Brasil), 2008—2010

(n 8977)
Quartile of consumption of ultra-processed foods (% of total energy)
1st 2nd 3rd 4th
B 95% Cl B 95% ClI B 95% Cl
BMI
Model 0t Reference 0-01 -0-26, 0-27 0-10 -0-17, 0-37 017 —-0-10, 0-44
Model 1% Reference 0-30* 0-03, 0-57 0-53*** 0-25, 0-80 0-83*** 0-55, 1-11
Model 2 Reference 0-41** 0-15, 0-67 0-55*** 0-28, 0-81 0-80*** 0-53, 1-07
Model 3 | Reference 0-43** 017, 0-69 0-59*** 0-33, 0-86 0-89*** 061,117
Model 49 Reference 0-34* 0-08, 0-61 0-44** 017, 0-72 0-64*** 0-33, 0-95
Waist circumference
Model 0t Reference -0-71 —1.45, 0-02 —-0-89* -1.62, -0-15 111 —-1-84, -0-37
Model 1% Reference 0-40 -0-29, 1-09 1.00** 0-30, 1-70 1.82*** 111, 2.54
Model 2§ Reference 0-65 -0-02, 1-31 1.02** 0-35, 1-70 1.71% 1-02, 240
Model 3| Reference 0.73* -0-02, 1-31 1.22%* 0-35, 1-70 2.10** 1.02, 2-40
Model 49 Reference 0-34 —0-34, 1-01 0-53 -0-18, 1-24 0-95* 0.17,1-74

*P<0-05, **P<0-01, ***P<0-001.

tModel 0: unadjusted.

$Model 1: Model 0 +sex, age, race/skin colour and per capita family income.

§Model 2: Model 0+ Model 1+ physical activity, smoking, hypertension and diabetes.

[ Model 3: Model 0+Model 1 +physical activity, smoking, hypertension, diabetes and Group 1+ Group 2 energy intake.

{IModel 4: Model 0+ Model 1+ physical activity, smoking, hypertension, diabetes, Group 1+ Group 2 energy intake and total energy intake.

Table 3 Unadjusted and adjusted odds of the associations between the relative contribution of ultra-processed foods to total energy intake
(in quartiles) and overweight, obesity, increased and significantly increased waist circumference in the Brazilian Longitudinal Study of Adult
Health (ELSA-Brasil), 2008—2010 (n 8977)

Quartile of consumption of ultra-processed foods (% of total energy)

1st 2nd 3rd 4th
OR 95% Cl OR 95% ClI OR 95% Cl
Overweight
Model 0t Reference 0.97 0-85, 1-11 1-01 0-89, 1-16 0.97 0-85, 1-11
Model 1% Reference 1-09 0-96, 1-25 1.23* 1.08, 1-41 1.32* 1.15, 1.52
Model 2§ Reference 112 0-98, 1-29 1.22** 1.06, 1-40 1.31%%* 113, 1.51
Model 3| Reference 1-14 0-99, 1-30 1.24** 1.07, 1-42 1.32%* 1-15, 1-53
Model 49 Reference 114 0-99, 1-31 1.24* 1.08, 142 1.32%* 1.15, 1.53
Obesity
Model 0t Reference 0-94 0-80, 1-11 1.02 0-87, 1-20 1-02 0-87, 1-19
Model 1% Reference 110 0-93, 1-30 1.29* 1.09, 1-53 1.45*** 1.23,1-73
Model 2§ Reference 115 097, 1.37 1.27** 1.07, 1-51 1-41% 1.18, 1-69
Model 3|| Reference 119 1-00, 1-42 1.32* 110, 1.57 1.46** 1.22,1.75
Model 49 Reference 117 0-98, 1-39 1.30* 1.09, 1.55 1.43*** 1.20, 1.72
Increased waist circumference
Model 0t Reference 1-10 095, 1-27 1.08 093, 1-25 1.03 0-89, 1-19
Model 1% Reference 1.16* 1.00, 1-34 115 099, 1-34 113 0.97, 1-32
Model 2 Reference 1.19* 1.02, 1-38 1.16 0-99, 1-35 113 0.96, 1-32
Model 3 Reference 1-19* 1.02, 1-38 116 1-00, 1-36 113 0-96, 1-34
Model 49 Reference 114 0-98, 1-33 1.08 092, 1.27 1-00 0-84, 120
Significantly increased waist circumference
Model 0t Reference 1.02 0-89, 1-17 1-11 0-97, 1.28 113 0-98, 1-29
Model 1% Reference 115 0-99, 1-33 1.29** 1-11, 1.50 1.42%** 1.22, 1-65
Model 2 Reference 1.23* 1.05, 1-43 1.32** 1-13, 1.54 1-41%* 1-20, 1-66
Model 3 Reference 1.25** 1.07, 1-46 1.38*** 1.18, 1-62 1.55*** 1.31, 1-83
Model 49 Reference 114 098, 1-35 1-19* 1.01, 140 1.21* 1.01, 1-46

Reference categories are eutrophic (for overweight and obesity) and normal waist circumference (for increased and significantly increased waist circumference).
*P<0:05, **P<0-:01, ***P<0-001.

1Model 0: unadjusted.

Model 1: Model 0 +sex, age, race/skin colour and per capita family income.

§Model 2: Model 0+ Model 1+ physical activity, smoking, hypertension and diabetes.

|| Model 3: Model 0 + Model 1+ physical activity, smoking, hypertension, diabetes and Group 1+ Group 2 energy intake.

{IModel 4: Model 0+ Model 1+ physical activity, smoking, hypertension, diabetes, Group 1+ Group 2 energy intake and total energy intake.
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The lack of association between ultra-processed food
intake and BMI, overweight and obesity, observed in the
univariate analysis, may be explained by the presence of
multiple confounding factors that interfere in this asso-
ciation in opposite directions. In the present study, the
variable age, for instance, seems to play this role, since
after adjusting for age we found statistically significant
associations between the variables. Regarding WC, a
negative and decreasing association between increased
ultra-processed food intake and WC was found in the
univariate analysis. However, after adjusting for age, this
association became positive and increasing, indicating a
strong negative confounding factor. Previous studies
conducted in Brazil showed higher intake of ultra-
processed foods among younger individuals“3.

The results of the present study corroborate those
described by Canella et al.', who found a positive asso-
ciation between the availability of ultra-processed foods at
home and the prevalence of overweight and obesity in
Brazilians. However, Louzada et al®, who evaluated
individual food consumption by means of two 24 h food-
intake registers, found a positive association between
ultra-processed food intake and BMI, overweight and
obesity only in women. The authors suggest that the lack
of association in males may result from confounding fac-
tors that were not measured, or measured with higher
error in this group, such as the variables physical activity
and smoking, which were indirectly estimated. It is un-
likely that this happened in the present study, considering
all adjustment variables used were collected through
interviews or examinations, with a high level of rigour and
quality control and assurance, with no quality differential
for men and women®?. It is noteworthy that the instru-
ment used to evaluate the participants’ food consumption
was different from that used for ELSA-Brasil. This explains
some of the differences found between the two studies,
since FFQ are generally more appropriate to assess usual
food consumption, because food diaries generally do not
cover an appropriate number of days and require
correction for intra-individual variance to be used. In
addition, FFQ are easy, quick and low cost, and have the
advantage of obtaining overall information on intakes over
a long period of time®'??.

The consistent findings of the current study are rein-
forced by the results of previous studies from different
countries. A study carried out by the Pan American Health
Organization, in Latin American countries between 2000
and 2013, found a positive association between the sales
of ultra-processed foods and obesity in adults"”. In a
cohort with young adults in the USA, a strong positive
association was found between the habit of eating at fast-
food restaurants, which mostly sell ultra-processed foods,
and weight gain"®. Similarly, another study involving
three cohorts reported a positive association between
ultra-processed foods, such as French fries, chips, pro-
cessed meats, soft drinks and trans fat, and long-term

)
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weight gain”. Furthermore, prospective and cross-

sectional studies, performed in different countries, indi-
cate a strong association between the elevated consump-
tion of soft drinks and weight gain and obesity"!*33>,
However, unlike some previous studies, a study con-
ducted in the UK using data from the National Diet and
Nutrition Survey (2008-2012) described no association
between ultra-processed food intake and body weight*®.

Although we did not find other studies that evaluated
the relationship between ultra-processed food intake, as
defined by NOVA, and WC, some investigations corro-
borate our results. Cunha et al®” analysed data from
adults living in the metropolitan region of Rio de Janeiro
and demonstrated a positive association between WC and
western dietary habits, characterized by fast foods, sweets
and soft drinks, in women.

A longitudinal analysis with data from five European
countries participating in the FEuropean Prospective
Investigation into Cancer and Nutrition showed a positive
association between the consumption of bread, processed
meat, margarine and soft drinks, and WC elevation in the
periods analysed, after adjustment for BMI and WC in the
study baseline®®.

The results of analyses using data from the Framingham
Heart Study showed that individuals who consumed
one (350 mD) or more cans of soft drinks per day presented
a higher risk of developing an increased WC (>102cm
for men and >88cm for women) and other metabolic
syndrome components, as compared with those
having infrequent consumption (less than one can
per day)®”.

Some studies®*3?

suggest that the presence of fructose-
rich corn syrup in these beverages favours weight gain and
abdominal obesity. However, results found by Dhingra
et al.®” showed no difference in associations considering
regular or diet beverages, which suggests the influence of
other factors in this relationship. It is important to
remember that liquid foods have lower satiety power and
can thus lead to an exaggerated energy intake'#3%3>,
We must consider that the classification of foods
according to nature, extension and processing purpose is
recent and still under development, and some changes
may still be incorporated to NOVA with time. In contrast to
traditional systems of food classification, this new system
does not focus on nutrients but rather on the nature,
extension and processing purposes, making distinctions
between types, uses and effects of food processing**#V,
representing a new view of what matters most as we face
the era of obesity and chronic diseases. On the other hand,
although it may appear simple to use, the NOVA system
requires that people know and report correctly what they
eat in order to apply this food classification, and this may
lead to non-differential misclassification of some foods“*”.
We believe that the NOVA classification opens up new
avenues to understand the role of industrialized diets in
the development of the most common chronic diseases
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and will help to improve public policies towards the
control of the obesity epidemic®?.

The present study stands out for investigating the
association between ultra-processed food intake and WC
in a sample of Brazilian adults; for assessing individual
food intake through a validated FFQ“*?%; use of the
NOVA classification which, despite being new, helps us
understand the role of dietary habits in the obesity epi-
demic; and also for the sample size and sample diversity.
Moreover, it is worth highlighting that association esti-
mates were adjusted for important confounding factors.

Nevertheless, some limitations must be acknowledged.
Considering its cross-sectional design, it is not possible to
establish causality between ultra-processed food intake
and BMI and WC. Although the ELSA-Brasil cohort is not
representative of the Brazilian population, there is no
reason to doubt that the associations found can be extra-
polated to similar adult populations, considering we did
not identify factors that modify the associations shown*?.
We must consider that the classification of foods according
to nature, extension and processing purpose is recent and
can therefore be reviewed in the future. Furthermore, the
FFQ used with the participants in the baseline was not
designed to classify foods according to characteristics of
food processing; therefore, non-differential classification
errors may occur, which would lead to an underestimation
of the magnitude of associations found*®. In addition, the
FFQ favours an overestimation of food consumption?;
however, this is true of all groups and not only for ultra-
processed foods. Also, considering we used the percen-
tage mean daily energy intake attributed to ultra-processed
foods, as opposed to specific quantities, it is unlikely that
any overestimation due to FFQ limitation interfered in our
results. Finally, because BMI and WC are very highly
correlated (#=85%), we could not adjust the analysis of
WC for BMI, and thus we cannot guarantee that the
associations of ultra-processed foods with WC are inde-
pendent of BMI.

Conclusion

The present study has shown that a higher ultra-processed
food intake is associated with higher BMI and WC inde-
pendently of the level of energy intake, after adjustments
for confounding variables, with dose-response gradient
between associations. These findings corroborate the
hypothesis that links the increase in ultra-processed food
intake with the obesity epidemic in Brazil and worldwide.
Considering food selection and supply are highly impac-
ted by the sociocultural, economic and health environ-
ment, our results reinforce the importance of public
policies such as the Dietary Guidelines for the Brazilian
Population, revised in 2014“”, which promote the
reduction of ultra-processed food consumption and guide
the population to replace them for unprocessed and
minimally processed foods.
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