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Abstract
Objective: To evaluate the association between the consumption of NOVA food
groups (classification based on the nature, extent and purpose of food processing)
and the intake of energy, macro and micronutrients among school children.
Design:Cross-sectional study. Food consumptionwas assessed by two 24-h dietary
recalls on non-consecutive days. Energy from each NOVA food groups – ultra-
processed foods, unprocessed or minimally processed foods, processed culinary
ingredients and processed foods – was estimated. For analysis, the percentage of
energy from ultra-processed foods and unprocessed or minimally processed foods
were categorised into tertiles and associated with intake of energy, macro and
micronutrients using analysis of covariance and linear regression.
Setting: Public schools in Belo Horizonte, Minas Gerais, Brazil.
Participants: School children aged 8–12 years (n 797; 406 girls; 391 boys).
Results: Mean energy intake was 2050·18 ± 966·83 kcal/d, 25·8 % was from ultra-
processed foods, 56·7 % fromunprocessed orminimally processed foods, 8·9 % from
processed culinary ingredients and 8·6 % from processed foods. A higher energy
contribution from ultra-processed foods was negatively associated with the intake
of protein, fibre, vitamin A, Fe and Zn (P< 0·001) and positively associatedwith total
energy, lipid and Na intake (P< 0·001). Concurrently, a higher energy contribution
from unprocessed or minimally processed foods was positively associated with the
consumption of protein, fibre, Fe and Zn (P< 0·001) and negatively associated with
total energy (P= 0·002), lipid and Na intake (P< 0·001).
Conclusions: In conclusion, higher ultra-processed food consumption presented a
negative association with the nutrient intake profile of school children.
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Recently, the importance of food processing has increased
due its potential role in diet-related non-communicable dis-
eases(1). Therefore, Monteiro et al.(2) proposed a new food
classification according to the extent and purpose of food
processing called NOVA. This classification is recognised
by the FAO of the UN and the Pan American Health
Organization as a valid tool for nutrition and public health
research(1,2).

NOVA separates food into four groups: unprocessed
and minimally processed foods; processed culinary ingre-
dients; processed foods and ultra-processed foods(1,2).

The Brazilian Dietary Guidelines follow this new
classification by strongly recommending a diet based on
unprocessed or minimally processed foods, moderate
consumption of processed culinary ingredients and proc-
essed foods and avoidance of ultra-processed foods(3).
These recommendations are based on current scientific
evidence and changes in the dietary pattern in Brazil
and worldwide(1–3).

A reduction in the consumption of unprocessed or min-
imally processed foods among school children in recent
years, alongwith an increase in ultra-processed foods, have
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been described in national and international studies(4,5). It is
known that highly processed foods generally have greater
energy density and higher fat, sugar and Na content com-
pared with unprocessed or minimally processed foods. In
addition, they are hyperpalatable and easily accessible
foods, facilitating their consumption(1,6,7).

Although school meals in Brazilian public schools are
regulated by the National School Food Program
(Programa Nacional de Alimentação Escolar – PNAE),
which advocates the provision of healthy meals(8), students
have access to ultra-processed foods sold outside the
school or in the home. The regular consumption of ultra-
processed foods among school children may increase the
risk of non-communicable chronic diseases such as
obesity, diabetes, hypertension and dyslipidaemia and pro-
mote inadequacies in micronutrients intake(9). Although
nutritional deficiencies can be caused by non-dietary fac-
tors, insufficient intake of micronutrients is pointed out
as the main cause(10).

Previous studies with Brazilian children found a high
prevalence of dietary inadequacy of various vitamins and
minerals, mainly Fe, vitamin A and Zn(8,11–13). According
to a national survey, a high intake of ultra-processed foods
had a negative impact on the dietary components of foods
consumed by Brazilian individuals above 10 years of
age(14–16). However, few studies have focussed on children
and adolescents are still incipient, which highlights the
need to investigate the factors associated with the con-
sumption of ultra-processed foods in this population.

Considering this scenario, the current study aimed to
evaluate the association between NOVA food groups’ con-
sumption and the intake of energy, macro and micronu-
trients among school children.

Methods

Study design and population
This is a cross-sectional study conducted between 2014 and
2015 with school children aged 8–12 years of public
elementary schools located in a Brazilian metropolis
(Belo Horizonte, 330·9 km2; 2 350 564 inhabitants)(17).

The study sample was estimated considering 50 % for a
given characteristic (in order to obtain the largest sample
size), finite population (n 10 623), setting the significance
level at 5 % (alpha or type I error) and sample error at 5 %,
according to the criteria of Hulley and Cummings(18). In
addition, this value was doubled considering the two-stage
cluster sampling (schools and classes) with proportionate
stratification based on location. The value (n 742) was dis-
tributed proportionally to the size of each region (the nine
regions of Belo Horizonte). From this distribution, seven-
teen schools were selected via simple cluster samples,
stratified by the nine regions of the metropolis.

The seventeen schools selected had a total of 931 stu-
dents in the mentioned grade (4th year), who were invited

to participate in the research. Of the 931 students invited,
children who were absent on the day of data collection
(n 101), who refused to participate in the survey (n 2) or
who had compromised mental health according to teach-
ers’ report were not evaluated (n 31), and the final sample
was 797 students. The school children excluded from the
study were not statistically different in terms of sex, age
and municipal region (P> 0·05).

Data collection
Information regarding sex, date of birth and address of
the children was obtained from school documents.
Using the addresses of the children, the Health
Vulnerability Index (HVI) of their residences was identi-
fied, which was used as a proxy of socio-economic status.
HVI is a indicator that associates different socio-economic
and environmental variables for the analysis of popula-
tion characteristics in certain geographic areas(19). This
indicator is classified into four categories: low, medium,
high and very high(20).

Anthropometric variables (weight and height) and food
consumption of the students were collected in person in
their respective schools by a trained health professional.
Anthropometric evaluation was performed according to
the techniques recommended by the WHO(21), and BMI
[BMI =weight (kg)/height (meters) 2] -by-age was calcu-
lated. BMI-by-age was classified according to the cutoff
points proposed by the Brazilian Food and Nutrition
Surveillance System(22) based on the WHO growth
charts(23). The school children were considered overweight
when presented BMI-by-age values > z-score þ1(22).

Food consumption was assessed by two 24-h dietary
recalls (24hR) on non-consecutive days, with a maximum
interval of 7 days, including only school days. School chil-
drenwere interviewed by a trained dietitian or nutrition stu-
dent, using the Automated Multiple-Pass Method(24).
During the 24hR, a list of illustrations of household mea-
sures was used to facilitate the identification of the real por-
tion size consumed and improve information consistency.

The food consumption reported by the school children
in household measures was transformed into grams or
millilitre units, and its nutritional composition was evalu-
ated according to information from Brazilian food compo-
sition tables using the software Stata® version 11.

The items present in the food consumption were classi-
fied according to NOVA food groups based on the extent
and purpose of food processing(1) (Fig. 1). Ingredients
from food dishes were classified separately.

The mean intake of energy (kJ), carbohydrates (% total
energy value – TEV), proteins (%TEV) and lipids (%TEV)
were evaluated, along with Na (mg), fibres (g) and micro-
nutrients involved in child development: Ca (mg), Fe (mg),
vitamin A (μg), vitamin C (mg) and Zn (mg)(25). The content
of each nutrient in diet was corrected by energy, being
expressed per 4·18 MJ (1000 kcal).
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Subsequently, the percentage contribution of ultra-
processed foods to the TEV as well as percentage contribu-
tion of unprocessed or minimally processed foods (%TEV)
was quantified. This percentage was categorised as tertiles
which represented the strata distribution of food contribu-
tion according to food groups – ultra-processed or sum of
the other three food categories – to the TEV.

Statistical analysis
Frequency distributions, means and standard deviations
were calculated. The normality was evaluated by the
Shapiro–Wilk test. Differences between mean energy
intake and nutrient intake according to the tertiles of
ultra-processed food group and unprocessed and mini-
mally processed food were assessed using analysis of
covariance and Bonferroni posthoc test. Linear regression
analyses were used to identify the direction and statistical
significance of the association between tertiles of the ener-
getic contribution of the food groups evaluated and energy
and nutrient intake. Both analyses were controlled by con-
founding factors (age, sex and HVI). The residues were
evaluated according to the assumptions of normality,
homoscedasticity, linearity and independence.

Collected data were analysed using the Stata® version 11
and a significance level of 5 %.

Results

A total of 797 children with a mean age of 9·8 ± 0·59 years
were evaluated, from which 50·9 % was female and 31 %
overweight. It was observed that 16·4 %, 35·4 % and
48·2 % presented low, medium and high/very high HVI,
respectively.

Mean energy intake was 8·58 (4·04) MJ, 25·8 % from
ultra-processed foods, 56·7 % from natural or minimally
processed foods, 8·9 % from culinary ingredients and
8·6 % from processed foods. Industrialised pasta, industri-
alised cookies, sausages, chocolate powder and soft drinks
were the ultra-processed foods most consumed.

Association between energy, macro and micronutrients
intake according to the tertiles of ultra-processed foods is
presented in Table 1. A decrease in fibre and protein intake
was identified, as well as an increase in Na, with the
increase of ultra-processed food tertiles (P < 0·05).
School children in the second and third tertiles presented
lower intake of Fe and Zn and higher intake of lipid
(P< 0·05) compared with the ones in the first tertile.
Individuals in the highest tertile of ultra-processed showed
a higher energy intake than those in the lowest tertile and
also had a lower intake of vitamins A and C (P< 0·05).

Linear regression models corroborate these results,
except for vitamin C. There was a negative association

Classification Examples

Unprocessed or minimally processed foods 
Unprocessed foods are edible parts of plants or animals.
Minimally processed foods are natural foods submitted 
to processing without the addition of substances like 
salt, sugar, oils or fats.

Vegetables, green leafy vegetables, fruits, meat 
and fresh eggs. Packed, cold or frozen natural 
foods. Fresh, pasteurised or fermented milk. Tea, 
coffee, unsweetened 100% juice and portable 
water.

Processed culinary ingredients
Substances extracted directly from foods in group 1. The 
extraction processes include pressing, milling, spraying, 
drying and refining.

Vegetable oils, animal fats, sugar, salt, corn starch 
or other plant starch.

Processed food
This group includes products made through the addition 
of salt or sugar, and possibly oil, vinegar or other 
substances from group 2 to group 1 foods, being mostly 
products with two or three ingredients. The purpose of 
processing is to extend the shelf-life of natural or 
minimally processed foods.

Canned vegetables, cereals or legumes, salted or 
sweetened nuts, salted meats, fish preserved in oil 
or water and salt, fruit in syrup, cheeses and breads.

Ultra-processed foods
This group is produced by several industrial processes 
that require ingredients mostly not found in 
supermarkets. The main purpose of ultra-processing is 
to produce industrialized ready-to-eat or ready-to-heat 
foods and drinks, which are capable of replacing both 
unprocessed and minimally processed foods.

Soft drinks and powdered drink mix; 'Packaged 
snacks'; ice creams, chocolates, candies and sweets 
in general; biscuits, cakes and cake mixes; 
'breakfast cereals' and 'cereal bars'; chocolate 
drinks and fruit flavoured drinks; mayonnaise; pre-
made pizzas; nuggets, sausage, hamburger, and 
instant soups and noodles.

Fig. 1 NOVA food groups: definition according to the extent and purpose of food processing, Adapted by Monteiro et al. (2016).
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between consumption of ultra-processed foods and pro-
tein, fibre, vitamin A, Fe and Zn and a positive correlation
between these foods and caloric, lipid andNa consumption
(Table 1).

Table 2 presents the association between energy, macro
and micronutrients intake according to the tertiles of
unprocessed or minimally processed foods. School chil-
dren in the highest tertile showed higher intake of protein,
fibre, Zn, Fe and lower intake of energy, lipids and Na
(P< 0·05). Linear regression model (Table 2) confirms
the results.

Discussion

Our results found an association between ultra-processed
foods consumption and an unfavourable nutrient intake
profile, with higher intake of energy, lipids and Na and a
lower intake of protein, Fe, Zn and vitamin A.

Similar findings were identified by studies based on
household food acquisition in Brazil(14–16) and studies in
other countries that verified lower nutritional quality of
ultra-processed foods compared with all other food
groups(26,27).

Fe, Zn and vitamin A are important nutrients for child
development; however, such nutrients are poorly found
in ultra-processed foods when compared with unproc-
essed or minimally processed foods(10–12). A study con-
ducted in Canada with 33 694 individuals aged 2 years
and above reported an inverse relationship between
ultra-processed foods consumption and the dietary content
in protein, fibre, vitamins A, C, D, B6 and B12, niacin, thi-
amine, riboflavin, Zn, Fe, Mg, Ca, phosphorus and potas-
sium(26). Similar results were found in the USA(27). The
authors suggested that a regular consumption of whole
grains, beans, fruits and vegetables, with a reduced partici-
pation of ultra-processed food favours a better nutrient
intake profile(26,27).

Such results are relevant considering vitamins and min-
erals are essential in cell signalling, hormone production,
immune responses, growth and development. Although
micronutrient deficiency does not always manifest clini-
cally, subclinical deficiencies can cause damage to health
during childhood(28). Also, the adequate nutrient intake
through the effect of food synergy can provide positive
effects to child health, especially preventing chronic dis-
eases, which perhaps would not be possible through iso-
lated nutrients(29).

Thus, ultra-processed foods have thepotential to increase
the risk of obesity, diabetes, CVD and cancer(30–32). Studies
conducted in Brazil indicate significant associations of the
higher consumption of this food group to metabolic syn-
drome in adolescents(33), dyslipidaemias in children(34)

and obesity at all ages(35).
A previous study reported that a diet rich in ultra-proc-

essed foods can contribute to a greater risk of type IT
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diabetes and coeliac disease – important autoimmune dis-
orders in childhood – by inducing intestinal microbiota
imbalance and promoting pro-inflammatory response(36).
In contrast, a diet based on unprocessed or minimally
processed food showed a capacity to promote intestinal
microbiota balance, anti-inflammatory response and epi-
thelial integrity(36).

The increased intake of protein, fibre, Zn and Fe and
reduced intake of energy fat and Na associated to a higher
contribution of unprocessed or minimally processed foods
show that the recommendation to always prefer unproc-
essed or minimally processed foods over ultra-processed
foods, preconised by the Brazilian Dietary Guideline(3,37),
promotes an adequate and healthy diet. Also, recent study
reported that a nutritional intervention using NOVA food
groups is effective(38). According to the authors, NOVA is
easily understood and applied, therefore, education strate-
gies using food processing knowledge may be effective in
the context of the modern food environment(37).

Considering the recall bias, the evaluation of dietary
intake through 24hR might not necessarily reflect partici-
pant’s dietary habit. However, numerous other studies
have used this method for the assessment of food con-
sumption among school children(33,39,40). Also, the study
sample consisted of only public-school students of one
Brazilian metropolis and almost half of the sample were
from high/very high HVI, which can lead to socio-eco-
nomic homogeneity. Despite the limitations addressed
above, the current study stands out for being an investiga-
tion regarding a recent field, with a representative sample
of school children.

Conclusion

In conclusion, higher ultra-processed food consumption
presented a negative association with the nutrient intake
profile of school children. This result highlights the impor-
tance of promoting healthy eating habits through food and
nutrition education for children, caregivers and the entire
school community, attending the current recommendation
of prioritising unprocessed andminimally processed foods,
moderating processed foods and processed culinary ingre-
dients and avoiding of ultra-processed foods.
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