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Abstract
Objective: To describe the consumption of ultra-processed foods according to
demographic and socioeconomic characteristics in three birth cohorts.
Design: Cross-sectional analysis.
Setting: Data from the 2004, 1993 and 1982 Pelotas Birth Cohorts were used at
11, 22 and 30 years, respectively, collected between 2012 and 2015. Outcome
was the relative contribution of ultra-processed foods from the total daily energy
intake. Maternal-independent variables were self-reported skin colour, schooling,
age and family income (obtained in the perinatal study), and variables of the cohort
member, sex, skin colour, schooling and current family income (the last two
obtained at the 11-, 22- and 30-year follow-ups of the respective cohorts). We
calculated crude and adjusted means of the outcome for the whole cohorts and
according to the independent variables.
Participants: 11-, 22- and 30-year-old individuals.
Results: Daily energetic contribution from ultra-processed foods was higher in the
younger cohort (33·7, 29·8 and 25·1 % at 11, 22 and 30 years, respectively).
Maternal schooling and family income at birth showed an inverse dose–response
relationship at 11 and 22 years, but a positive dose–response at 30 years. Female
sex, lower schooling and family income at 22 years and higher schooling at
30 years were associated to a higher contribution from ultra-processed foods in
the daily energy intake.
Conclusions: Information from food and nutrition policies needs a higher dissemi-
nation, mostly among women and population groups of lower income and school-
ing, including its promotion in media and health services, aiming for a decreased
consumption of ultra-processed foods.
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The last decades were marked by a rising prevalence in
obesity in high-, low- and middle-income countries(1).
Changes in food patterns were observed in the same
period and represent one of the main factors related to
obesity rising. Basic traditional foods, such as bean, milk,
fruit and vegetables, that present low energy density and
high nutrient density were replaced by ready-to-eat or
ready-to-heat products, which, in general, present high

processing level as well as high contents of sugar, salt
and fat(2–4).

NOVA classification allocates food products into four
groups according to the industrial processing degree:
unprocessed or minimally processed foods, processed
culinary ingredients, processed foods and ultra-processed
foods(5,6). This last group includes ready-to-eat or ready-to-
heat products, which are highly convenient as they require
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little or no cooking. Usually, the consumption of these
foods tends to replace that of unprocessed or minimally
processed foods, leading to a nutritionally unbalanced
diet(5). Moreover, substances for industrial use only, such
as dyes and flavours, added for the purpose of increasing
durability make these foods highly palatable, helping to
increase their consumption(5,6). Although the use of addi-
tives is legally authorised, the effects on health of its cumu-
lative lifetime consumption and of the interaction among
additives are still unknown(7).

The annual trend in the sales of ultra-processed foods
has been increasing, reflecting the rise in the consumption
of such foods(8,9). In Brazil, a national study among adoles-
cents and adults showed that about 30 % of the total daily
energy intake in 2008–2009 came from ultra-processed
foods(10). In studies carried out in high-income countries,
daily energies from ultra-processed foods ranged from
48·0 to 58·5 % from 2004 to 2014(11–13).

In cross-sectional studies, the consumption of these
products seems to be higher in younger populations(10–12).
However, studies about the factors related to ultra-
processed food consumption in these age groups are
scarce. Thus, we aimed to describe ultra-processed food
consumption according to demographic and socioeco-
nomic characteristics using data from the 2004, 1993 and
1982 Pelotas Birth Cohorts at 11, 22 and 30 years, respec-
tively, collected between 2012 and 2015.

Methods

The 2004, 1993 and 1982 Pelotas Birth Cohorts have been
following up all live-births throughout life from those years.
For the three cohorts, the eligible newborns were children
of mothers living in the urban area of Pelotas according to
the territorial boundaries on 1 January 1982, as part of the
city was emancipated in May 1982. Enrolment strategies
were the same in the three cohorts, with the inclusion of
births that occurred in all maternity hospitals in the city.
In 2004, 1993 and 1982, a total of 4231, 5249 and 5914
mothers, respectively, accepted to participate and were
interviewed shortly after delivery (refusal rate of <1 % in
all three cohorts), and their children were subsequently
followed up over the years. Methodological details of the
three cohorts are described in other publications(14–16).

In relation to the original sample, the follow-up rates
were 86·6 % in the 2004 cohort (11 years), 76·3 % in the
1993 cohort (22 years) and 68·1 % in the 1982 cohort
(30 years). Both during hospital interviews (perinatal study)
and follow-ups, trained interviewers applied standardised
and pre-coded questionnaires, similar among the cohorts.
The instruments contained questions on health-related issues.
The data of follow-ups used in this article were collected in a
clinic specifically set up for the cohorts(14–16).

Participants’ food consumption was evaluated through
the application of semiquantitative FFQs, which investigate

eating habits of the 12 months prior to the interview.
Consumption frequency of each food item was measured
from the following alternatives: never or <1x per month,
1–3x per month, 1x per week, 2–4x per week, 5–6x per
week, 1x per day, 2–4x per day and ≥5x per day. The three
cohorts’ FFQ contained eighty-eight items(17), and the
average portion was based on domestic measures
according to the Table for Assessment of Food Intake
in Household Measures(18). The average portion was pre-
sented to the participant verbally and with the help of
images, and the participant answered if its consumption
was usually smaller, equal to or larger than the average
portion. A few number of foods in the FFQ used in the
1982 cohort were different from those of the other two
cohorts. The methods used for building the FFQ are
described in another publication(17). Food items investi-
gated in the FFQ are arranged in online supplementary
material (Supplementary Table).

For statistical analyses, we converted consumption
frequencies reported in each FFQ food item to annual con-
sumption. Answer options represented a consumption of,
respectively, 0, 12, 52, 104, 260, 365·25, 730·5 and 1826·25
times a year. To obtain daily consumption, we divided
annual consumption by 365·25. Then, we calculated the
quantity in grams for each food item, using the daily fre-
quency of consumption and the average portion. To take
into account portion sizes, we divided the gram values
by two if the reported portion was less than the average,
or we multiplied by 1·5 if it was larger than the average
portion. Macronutrient content (carbohydrate, protein
and fat) was defined for each food, based on the consumed
value in grams and the Brazilian Food Composition Table
(TACO)(19) or USDA Nutrient Database for Standard
Reference(20), when not available in TACO. Energetic
value in kJ for each item was obtained multiplying carbo-
hydrates and proteins by 16·7 kJ and lipids by 37·7 kJ
(corresponding to 4 and 9 kcal, respectively). Finally,
the total daily energetic intake was calculated grouping
kilocalories from carbohydrates, proteins and lipids from
all food items. The FFQ items were distributed in the four
groups proposed by the NOVA classification(5) (see
online supplementary material, Supplementary Table)
and then the proportion of energies from each food
group was calculated, relative to the total energy intake.

Covariables included maternal characteristics evaluated
in perinatal study: age (≤24, 25–34, ≥35 years), schooling
(0–4, 5–8, 9–11, ≥12 completed years of study), self-
reported skin colour (white or black for the 1982 Cohort,
and white, brown/yellow/indigenous or black for other
cohorts) and total monthly family income (quintiles).
Variables of cohort members were sex (male or female)
in the perinatal study, and skin colour (white, brown/
yellow/indigenous or black), schooling (first–third, fourth–
fifth or sixth–seventh scholar years for the 2004 Cohort;
and 0–4, 5–8, 9–11 or ≥12 completed years of study for
other cohorts) and current total monthly family income
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(quintiles) at 11-, 22- and 30-year follow-ups. Also, as
potential confounders in the follow-ups, we included diet
to lose weight in the last 12 months (yes or no) and energy
intake/energy expenditure ratio(21).

Energy intake was total daily intake, and energy
expenditure was calculated from the equations recom-
mended by the Institute of Medicine (IOM)(22), taking into
consideration participants’ sex, nutritional status and level
of physical activity. Nutritional status was classified by BMI.
At 11-year follow-up, cut-off points for low or normal
weight and for overweight were, respectively, <þ1 and
≥þ1 z-score(23); and at 22- and 30-year follow-ups, respec-
tively, <25 and ≥25 kg/m2(24). In all the three cohorts, the
level of physical activity was determined using accelerom-
eters (GENEActiv; ActivInsights; and Actigraph® GT3X) by
the participants for about 6 d with a 24-h protocol, and the
raw data were analysed with R-package GGIR(25). We used
moderate to vigorous-intensity physical activity data (cut-
off points of 100 mg, an acceleration threshold correspond-
ing to walking; and 10 min bout)(25). 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(22).

Data were collected and entered directly in Pendragon
and REDCap (Research Electronic Data Capture)(26). The
statistical package Stata (version 12.1) was used to run
the analyses. We calculated the mean percentages of
energy contribution from the food groups in each cohort,
adjusted for perinatal and current characteristics, for the
total sample and after stratification by sex. Thereafter,
crude and adjusted average energy contribution from
ultra-processed foods was described according to perinatal
and current socioeconomic variables, presenting mean val-
ues and 95 % confidence intervals (CIs). Energy intake/
energy expenditure ratio was included into the adjustment
model that described the proportions of energy contribu-
tion from each processing group to reducemisclassification
bias from under- or overreporting inherent in the use of
FFQ(21), as well as information about diet to lose weight
in the last 12 months. We ran adjusted analyses by linear
regression accounting for demographic and socioeco-
nomic variables. We constructed a hierarchical conceptual
model(27) using backward selection procedure by levels
and maintaining the variables that presented P-values
<0·05 in the level in the adjusted model. First and second
levels included perinatal variables (maternal skin colour
and age, and maternal schooling and family income,
respectively). The third level included participants’ sex
and skin colour; and the fourth level, participants’ school-
ing and current family income (at follow-ups). Energy
intake/energy expenditure ratio and diet to lose weight
in the last 12 months were not included in the model since
they are at a lower hierarchical level and, therefore, are
not considered confounders for the association between
socioeconomic variables and the outcome. We tested the
associations using aggregated and non-aggregated data. In

aggregated data, we included time (cohort) and individual
as two levels to allow for variables that were not measured.
However, we did not find differences between the two
ways, then we analysed each cohort separately. Variables
presenting P-values<0·05 were considered significantly
associated to the outcome, and tests of linear trendwere car-
ried out for ordinal variables.

The Ethics Committee of the Faculty of Medicine of the
Federal University of Pelotas approved the follow-ups of
the 2004, 1993 and 1982 Cohorts (889 753; 1 250 366; and
16/12, respectively). Participants of the 1993 and 1982
Cohorts signed a consent term. In the 2004 Cohort, the
mother or legal guardian signed the consent term; and
the adolescent, the assent term.

Results

At 11, 22 and 30 years, respectively, 3514, 3648 and 3646
participants had information related to FFQ and were
included in the current analysis. In the three cohorts, at
the time of delivery, most of the mothers were ≤24 years,
had 5–8 years of schooling and self-declared white skin
colour (Table 1). Some differences were observed among
thosewho provided food information at 11, 22 and 30 years
and those lost in follow-up. At 11 and 30 years, losses were
higher among the extreme categories ofmaternal schooling
(0–4 and ≥12 years of study) and family income (first and
fifth quintiles). At age 11, there were more losses among
children of younger mothers (≤24 years); and at 22 and
30 years, among male participants (Table 1).

Table 2 shows that, considering the 11-year partici-
pants, about 72 % of them were attending the fourth or
fifth scholar years. Among the 22-year participants, 41 %
reported 9–11 years of schooling; and for the 30-year par-
ticipants, 44 % reported ≥12 years of schooling. In all the
three cohorts, most of participants self-reported white skin
colour (Table 2).

The average energy contribution from ultra-processed
foods, adjusted for perinatal and current characteristics,
was higher in the younger cohort (at age 11) (33·8 %;
95 % CI 33·6, 34·0) than in the 1993 Cohort (29·6 %;
95 % CI 29·4, 29·8) and in the older cohort (at age 30)
(25·1 %; 95 % CI 24·7, 25·4). On the other hand, the
proportion of energies from unprocessed or minimally
processed foods was lower in the younger cohort:
52·2 % (95 % CI 51·9, 52·4), 56·0 % (95 % CI 55·7, 56·2)
and 58·8 (95 % CI 58·6, 59·1) at 11, 22 and 30 years,
respectively (Fig. 1).

Table 3 shows the average proportions of energy con-
tribution from ultra-processed foods, according to perinatal
and current variables. In the 2004 and 1993 Cohorts, those
whose mothers self-declared as black had higher mean
daily energy contribution from ultra-processed foods, com-
pared to those whose mothers declared themselves as
white, as well as those self-declared as brown, yellow or
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Table 1 Sample description, number and proportion of followed-up* and lost† individuals at 11 years (2004 Cohort), 22 years (1993 Cohort) and 30 years (1982 Cohort), according to perinatal
characteristics

Variables

Original
(n 4231)

Followed up
at 11 years
(n 3514)

Lost at
11 years
(n 619)

Original
(n 5249)

Followed up
at 22 years
(n 3648)

Lost at
22 years
(n 1408)

Original
(n 5914)

Followed up
at 30 years
(n 3646)

Lost at
30 years
(n 1943)

n % n % n % n % n % n % n % n % n %

Maternal perinatal characteristics
Skin colour
White 3088 73·0 2561 72·8 467 75·6 4058 77·3 2777 76·2 1149 81·6 4851 82·1 2992 82·1 1625 83·7
Black 846 20·0 712 20·3 105 17·0 955 18·2 698 19·1 211 15·0 1060 17·9 653 17·9 316 16·3
Brown/yellow/indigenous 295 7·0 241 6·9 46 7·4 234 4·5 171 4·7 48 3·4 – –

Schooling (completed years)
0–4 654 15·6 519 14·9 111 18·2 1468 28·0 975 26·8 414 29·5 1960 33·2 1172 32·2 644 33·2
5–8 1731 41·4 1447 41·6 243 39·7 2424 46·2 1721 47·2 620 44·1 2454 41·5 1569 43·1 748 38·6
9–11 1381 33·0 1183 34·0 173 28·3 923 17·6 659 18·1 245 17·4 654 11·1 400 11·0 226 11·6
≥12 420 10·0 332 9·5 84 13·8 427 8·2 288 7·9 127 9·0 839 14·2 500 13·7 323 16·6

Monthly family income (quintiles)
1° (lowest) 872 20·6 684 19·5 159 25·7 1031 20·1 690 19·3 280 20·4 1183 20·0 652 17·9 419 21·6
2° 854 20·1 708 20·1 122 19·7 1195 23·2 823 23·0 317 23·1 1178 19·9 742 20·4 359 18·5
3° 816 19·3 703 20·0 95 15·4 889 17·3 627 17·5 233 17·0 1180 20·0 782 21·4 342 17·6
4° 857 20·3 745 21·2 96 15·5 1001 19·5 734 20·5 244 17·8 1185 20·0 772 21·2 368 18·9
5° (highest) 830 19·7 674 19·2 146 23·6 1021 19·9 705 19·7 298 21·7 1188 20·1 698 19·1 455 23·4

Age (years)
≤24 1947 46·1 1576 44·9 320 51·8 2362 45·0 1633 44·7 640 45·5 2755 46·6 1666 45·7 914 47·0
25–34 1717 40·6 1448 41·2 236 38·2 2309 44·0 1615 44·3 618 43·9 2572 43·5 1606 44·1 846 43·5
≥35 563 13·3 488 13·9 62 10·0 577 11·0 400 11·0 149 10·6 586 9·9 373 10·2 183 9·5

Participant perinatal characteristics
Sex
Male 2195 51·9 1816 51·7 323 52·3 2603 49·6 1707 46·8 790 56·1 3037 51·4 1754 48·1 1089 56·1
Female 2034 48·1 1698 48·3 295 47·7 2645 50·4 1941 53·2 618 43·9 2876 48·6 1892 51·9 854 43·9

Variables marked in bold represent significant statistical differences between followed-up and lost participants at 11, 22 and 30 years (P< 0·05).
*Participants with information regarding the FFQ.
†Total deaths from birth to 11 (98 deaths), 22 (193 deaths) and 30 (325 deaths) years were discounted from the total n of lost participants.
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indigenous in the 1993 Cohort. In the two younger cohorts,
the average daily contribution from ultra-processed foods
was higher among children of younger mothers who
had lower schooling and belonged to poorer families.
For the 1982 Cohort, the opposite was observed, with
the highest averages of energy contribution coming from
ultra-processed foods observed among those whose
mothers had higher schooling and belonged to wealthiest
families. Higher contributions from ultra-processed foods
were observed in the 1993 Cohort among those who

self-declared as black, brown, yellow or indigenous,
compared to those who declared themselves as white;
and in the 1993 and 1982 Cohorts, among the women.
The lower level of education in the 2004 and 1993
Cohorts and higher education in the 1982 Cohort were
associated to higher averages of energy contribution
from ultra-processed foods. In the 2004 and 1993
Cohorts, the poorest – and in the 1982 Cohort, the richest –
presented higher average energy contributions from ultra-
processed foods (Table 3).

Table 2 Sample description according to current characteristics (participants with information regarding the
FFQ) at 11-year (2004 Cohort), 22-year (1993 Cohort) and 30-year (1982 Cohort) follow-ups

Variables

2004 Cohort 1993 Cohort 1982 Cohort

n % n % n %

n 3514 n 3648 n 3646

Participants’ current characteristics
Skin colour
White 2359 67·5 2176 63·0 2768 76·0
Black 441 12·6 526 15·3 573 15·7
Brown/yellow/indigenous 696 19·9 750 21·7 303 8·3

Schooling (year/scholar grade)
≤3° 231 6·7 – –
4–5° 2489 71·7 – –
6–7° 748 21·6 – –

Schooling (completed years)
0–4 – 108 3·0 223 6·2
5–8 – 988 27·1 720 19·9
9–11 – 1496 41·0 1087 30·0
≥12 – 1051 28·9 1590 43·9

Mean SD Mean SD Mean SD

Monthly family income (in Brazilian Reais) 3177·5 4698·7 3215·2 3517·5 3388·0 4296·9

Male

30 years

22 years

11 years

Female

30 years

22 years

11 years

30 years

22 years

11 years

0% 10% 20%

Unprocessed or minimally processed food Processed culinary ingredients Processed food Ultra-processed food

52·2

56·0

58·8 4·1 12·0 25·1

33·911·82·452·0

55·6

58·7 4·2 11·4 25·7

30·611·32·5

52·4

56·4

59·0 4·0

2·7 12·6 28·4

33·611·62·4

12·6 24·4

2·4 11·7 33·8

29·611·92·6

30% 40% 50% 60% 70% 80% 90% 100%

Total

Fig. 1 Mean energy contribution (%) from each food processing group at 11, 22 and 30 years, respectively, in the 2004, 1993 and
1982 Pelotas Birth Cohorts, adjusted for perinatal (monthly family income and maternal age, schooling and skin color) and current
characteristics (sex, skin colour, schooling, monthly family income, diet for weight loss and energy intake/energy expenditure ratio)
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In the adjusted analysis, in the 2004 and 1993 Cohorts,
those whose mothers self-reported as black presented a
higher energy contribution from ultra-processed foods, as
well as those self-declared as brown, yellow or indigenous
in the 1993Cohort, compared towhite skin colour. The same
was observed in the 1982 Cohort participants who self-
declared as black (Table 4). The effect of maternal perinatal
schooling on energy contribution from ultra-processed
foods to daily energy intake was maintained: in the 2004
and 1993 Cohorts, higher average values were observed
among those of less educated mothers; and in the 1982

Cohort, among those of more educated mothers. The same
direction was observed for family income in the 1982
Cohort, with participants from richer families showing
higher average energy contributions from ultra-processed
foods. Also, compared to their counterparts, higher average
energy contributions from ultra-processed foods were
observed among women in the 1993 (30·7; 95 % CI 30·2,
31·3) and 1982 (25·8; 95 % CI 25·3, 26·3) Cohorts; among
individuals with lower education in the 1993 Cohort; and
in those with 9–11 completed years of study in the 1982
Cohort (Table 4).

Table 3 Crude mean energy contribution from ultra-processed foods (%) at 11, 22 and 30 years, respectively, in the 2004, 1993 and 1982
Pelotas Birth Cohorts, according to perinatal and current demographic and socioeconomic characteristics

Variables

Mean energy contribution from ultra-processed foods (%)

2004 Cohort 1993 Cohort 1982 Cohort

Mean 95% CI P Mean 95% CI P Mean 95% CI P

Maternal characteristics
Skin colour 0·021 <0·001 0·966
White 33·3 32·8, 33·7 29·1 28·6, 29·6 25·1 24·7, 25·5
Black 34·7 33·8, 35·5 31·6 30·6, 32·5 25·1 24·2, 26·0
Brown/yellow/indigenous 33·6 32·0, 35·1 32·0 30·1, 33·8 –

Age (years) 0·030 0·030* 0·284
≤24 34·1 33·6, 34·7 30·2 29·6, 30·9 24·9 24·3, 25·4
25–34 33·0 32·4, 33·6 29·3 28·6, 29·9 25·2 24·6, 25·7
≥35 33·4 32·3, 34·5 29·2 28·0, 30·4 25·8 24·6, 27·0

Schooling (completed years) <0·001* <0·001* <0·001*
0–4 34·4 33·3, 35·5 30·6 29·8, 31·4 23·6 23·0, 24·2
5–8 34·3 33·7, 35·0 30·1 29·5, 30·7 25·3 24·8, 25·8
9–11 32·8 32·1, 33·4 28·9 27·9, 29·8 26·5 25·4, 27·6
≥12 32·4 31·2, 33·6 26·0 24·8, 27·2 26·9 25·9, 27·8

Monthly family income (quintiles) 0·004* <0·001* <0·001*
1° (lowest) 34·3 33·4, 35·2 30·5 29·6, 31·5 22·9 22·0, 23·7

2° 33·5 32·6, 34·4 30·4 29·5, 31·3 24·4 23·6, 25·2
3° 34·0 33·1, 34·9 30·3 29·3, 31·3 25·3 24·5, 26·0
4° 33·9 33·0, 34·7 29·9 29·0, 30·7 25·9 25·2, 26·7
5° (highest) 32·0 31·2, 32·9 27·5 26·6, 28·4 26·8 26·0, 27·6

Participants’ characteristics
Sex 0·581 <0·001 <0·001
Male 33·5 32·9, 34·0 28·5 27·9, 29·1 24·4 23·9, 24·8
Female 33·7 33·1, 34·3 30·8 30·2, 31·3 25·8 25·3, 26·3

Skin colour 0·058 <0·001 0·354
White 33·3 32·8, 33·8 29·0 28·5, 29·5 25·1 24·7, 25·5
Black 34·7 33·6, 35·8 31·6 30·5, 32·8 25·5 24·5, 26·4
Brown/yellow/indigenous 33·9 33·0, 34·8 30·6 29·7, 31·5 24·4 23·1, 25·6

Schooling (year/scholar grade) 0·015* – –
≤3° 35·5 33·9, 37·1 – –
4–5° 33·6 33·1, 34·0 – –
6–7° 33·0 32·2, 33·9 – –

Schooling (completed years) – <0·001* <0·001*
0–4 – 33·1 30·6, 35·7 22·0 20·5, 23·5
5–8 – 31·5 30·7, 32·3 23·7 22·9, 24·5
9–11 – 29·9 29·3, 30·6 25·8 25·2, 26·5
≥12 – 27·3 26·6, 28·0 25·7 25·2, 26·2

Monthly family income (quintiles) 0·016* <0·001* 0·003*
1° (lowest) 34·3 33·4, 35·3 30·1 29·1, 31·1 24·1 23·2, 25·0
2° 33·6 32·7, 34·5 30·9 29·9, 31·9 25·2 24·4, 26·0
3° 33·8 32·9, 34·6 29·9 29·0, 30·9 24·6 23·8, 25·4
4° 33·4 32·6, 34·1 29·9 29·0, 30·8 25·9 25·1, 26·7
5° (highest) 32·7 31·8, 33·6 27·3 26·5, 28·2 25·6 24·9, 26·4

Total (crude) 33·6 33·2, 34·0 29·7 29·3, 30·1 25·1 24·7, 25·4

Mean differences evaluated by linear regression. Values in bold represent statistically significant associations.
*P-value for linear trend.
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Discussion

In summary, the current study showed that energy contri-
bution from ultra-processed foods was higher among
participants from the 2004 Cohort (at age 11), while the
contribution of fresh or processed foods was higher in
the 1982 Cohort (at age 30). Black maternal skin colour
in the 2004 and 1993 Cohorts was associated to a higher
energy contribution from ultra-processed foods, as well
as among the 1982 Cohort members. Maternal schooling

was associated to ultra-processed food consumption in
the three cohorts (higher consumption among participants
from less-schooled mothers in the 2004 and 1993 Cohorts,
with an inverse dose–response; and higher consumption
among participants from more-schooled mothers in the
1982 Cohort, with a direct dose–response). Perinatal family
income was associated to the highest energy contribution
from ultra-processed foods only in the 1982 Cohort. Also,
female sex in the 1993 and 1982 Cohorts, lower participant
schooling in the 1993 Cohort, and higher participant

Table 4 Adjusted analysis of mean energy contribution from ultra-processed foods (%) at 11, 22 and 30 years, respectively, in the 2004, 1993
and 1982 Pelotas Birth Cohorts, according to perinatal and current demographic and socioeconomic variables

Variables

Mean energy contribution from ultra-processed foods (%)

2004 Cohort 1993 Cohort 1982 Cohort

Mean 95% CI P Mean 95% CI P Mean 95% CI P

Maternal characteristics
First level
Skin colour 0·023 <0·001 0·978
White 33·3 32·8, 33·7 29·1 28·6, 29·6 25·1 24·7, 25·5
Black 34·6 33·8, 35·5 31·6 30·6, 32·5 25·1 24·3, 25·9
Brown/yellow/indigenous 33·6 32·1, 35·1 32·0 30·1, 33·8 –

Age (years) 0·034 0·087 0·264
≤24 34·1 33·5, 34·7 30·2 29·6, 30·8 24·8 24·3, 25·4
25–34 33·0 32·4, 33·6 29·3 28·7, 29·9 25·2 24·6, 25·7
≥35 33·4 32·3, 34·5 29·2 28·0, 30·4 25·8 24·7, 26·1

Second level
Schooling (completed years) 0·003* <0·001* 0·031*
0–4 34·3 33·3, 35·4 30·5 29·7, 31·2 24·2 23·5, 24·9
5–8 34·2 33·6, 34·8 30·1 29·5, 30·7 25·3 24·7, 25·9
9–11 32·8 32·2, 33·5 29·0 28·1, 30·0 25·9 24·8, 27·0
≥12 32·8 31·5, 34·1 26·4 24·9, 27·8 25·9 24·7, 27·2

Monthly family income (quintiles) 0·217 0·194 <0·001*
1° (lowest) 33·8 32·9, 34·8 29·9 29·0, 30·9 23·4 22·5, 24·3
2° 33·1 32·2, 34·0 30·1 29·2, 30·9 24·8 24·0, 25·7
3° 33·9 33·1, 34·8 30·1 29·1, 31·1 25·3 24·5, 26·0
4° 34·2 33·4, 35·1 29·9 29·0, 30·8 25·7 24·9, 26·5
5° (highest) 32·9 31·9, 33·9 28·5 27·5, 29·6 26·2 25·1, 27·2

Participants’ characteristics
Third level
Sex 0·467 <0·001 <0·001
Male 33·5 33·0, 34·1 28·5 27·9, 29·1 24·4 23·9, 24·9
Female 33·8 33·2, 34·4 30·7 30·2, 31·3 25·8 25·3, 26·3

Skin colour 0·806 0·594 0·011
White 33·7 33·1, 34·2 29·5 28·9, 30·1 24·8 24·4, 25·2
Black 34·0 32·6, 35·4 30·3 28·9, 31·8 26·4 25·5, 27·3
Brown/yellow/indigenous 33·5 32·5, 34·4 30·1 29·1, 31·0 25·0 23·8, 26·3

Fourth level
Schooling (year/scholar grade) 0·200 – –
≤3° 35·0 33·4, 36·6 – –
4–5° 33·6 33·1, 34·0 – –
6–7° 33·4 32·5, 34·3 – –

Schooling (completed years) – <0·001* <0·001
0–4 – 33·4 31·0, 35·8 23·1 21·7, 24·5
5–8 – 31·6 30·7, 32·4 24·6 23·7, 25·4
9–11 – 29·8 29·2, 30·5 26·2 25·5, 26·8
≥12 – 27·4 26·6, 28·2 24·9 24·4, 25·5

Monthly family income (quintiles) 0·932 0·123 0·265
1° (lowest) 33·9 33·0, 34·8 29·1 28·2, 30·1 24·9 24·0, 25·7
2° 33·3 32·4, 34·2 30·4 29·5, 31·3 25·5 24·7, 26·3
3° 33·6 32·8, 34·5 29·8 28·9, 30·8 24·6 23·8, 25·4
4° 33·7 32·8, 34·6 30·1 28·2, 31·1 25·7 24·9, 26·5
5° (highest) 33·6 32·6, 34·6 28·9 27·9, 29·9 24·8 23·9, 25·7

Analyses by multiple linear regression. Values in bold represent statistically significant associations.
*P-value for linear trend.
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schooling in the 1982 Cohort were associated to a higher
energy contribution from ultra-processed foods.

Energy intake from ultra-processed foods in the three
cohorts ranged from 25 to 33 %. Three studies with a
nationwide representative sample – one carried out in
Brazil in 2008–2009, two others with data from the
Mexican (in 2012) and Chilean (in 2010) population –

found similar values(10,28,29). Lower consumption of ultra-
processed foods according to increasing age has been
observed among Mexicans, Chileans and Canadians(12,28,29).
Children and adolescents may represent populations that
are more vulnerable to advertisements on ultra-processed
products, which may influence their eating behaviours,
perceptions and preferences(30,31).

In the 2004 and 1993 Cohorts, thosewhosemothers self-
declared black skin colour, as well as the participants of the
1982 Cohort, presented a higher energy contribution from
ultra-processed foods. It is possible that these results are
due to less access to information in health services of indi-
viduals with non-white skin colour due to racial discrimina-
tion or lower schooling(32,33).

Also in the 2004 and 1993 Cohorts, the relation of the
energy contribution from ultra-processed foodswithmater-
nal schooling – and with participant schooling in the 1993
Cohort – were inverse; and in the 1982 Cohort, the relation
with maternal and participant schooling was direct. It was
expected that, in all the three cohorts, higher schooling
would promote greater access to information and, conse-
quently, healthier lifestyles. Most studies that evaluated
the influence of schooling on ultra-processed food
consumption found a direct relationship(10,12,28,34). Family
income at birth was associated to energy contribution from
ultra-processed foods only in the 1982 Cohort, with higher
contributions observed among the richest. Other studies
carried out in middle-income countries showed higher
energy intake from these foods according to increasing
income, possibly due to the greater purchasing power of
the richest strata(10,28,29,34). Higher consumption of ultra-
processed foods observed in the 1982 Cohort among par-
ticipants of higher schooling and higher income may be
due to eating habits acquired in childhood or adolescence.
It is possible that the intensification of globalisation and
industrialisation during the 1980s, which has promoted
increased sophistication in food processing, marketing
and distribution techniques, has also promoted greater
access to foods of a higher processing level by those with
higher purchasing power – in this case, mothers with
higher income and schooling on the birth occasion of
the 1982 Cohort members(2,4). Together, during the same
period, limited concern to healthy diets and body weight by
health services or the media may have promoted the devel-
opment of preferences based on ultra-processed foods(35).

Regarding sex, a higher contribution from ultra-processed
foods was observed among women in the 1993 and 1982
Cohorts, but not in the 2004 Cohort. Louzada et al., who
evaluated Brazilians ≥10 years of age, found a higher

consumption of ultra-processed foods among females, com-
pared to males. Mais et al. found null results when evaluating
children from 2 to 9 years of age(10,36). The results of the cur-
rent study are not in line with our expectation, considering
that women represent the portion of a population using
health services the most and, consequently, having greater
access to food-related information(37–39). No differences
were observed between boys and girls in the 2004
Cohort, possibly due to the existence of other determinants
strongly related to consumption, such as dietary habits of
the family.

It is important to highlight some limitations of this study.
The method used to evaluate food consumption (FFQ)
tends to overestimate energy intake, because it includes
a large quantity of food items, thus generating a greater
sum of energies compared, for example, to food recalls(40).
The FFQ used in the Pelotas Birth Cohorts was developed
specifically to evaluate the studied population, which
reflects the contexts of foods and preparations commonly
reported by this population(17). However, the processing
degree was not evaluated, which made it impossible to
obtain additional information about food preparation. For
this reason, the food items from the FFQ were classified in
a more conservative way, with culinary preparations such
as lasagne, for example, considered as minimally proc-
essed foods; and breads (whole or white) classified as
processed foods (see online supplementary material,
Supplementary Table). The few foods that differ between
the FFQ used in the three cohorts have a very low percent-
age of contribution in relation to total energy consumption
(<0·75 % on average; see online supplementary material,
Supplementary Table). In addition, the use of percentage
of contribution of each processing group aimed to minimise
overestimation by representing a measure relative to total
energy consumption. The classification of foods according
to their processing degree (NOVA) is recent, but its concepts
are well established in the literature and recognised by
international agencies (Pan-American Health Organization
and the UN Organization for Food and Agriculture – FAO)
as an important instrument to evaluate the nutritional quality
of diets(8,41).

Regarding the losses of follow-up, some differences
were observed between those followed and those lost
for the three cohorts. In the 11- and 30-year follow-
ups, higher losses were observed between the extreme
categories of maternal schooling and family income; there-
fore, some possible bias in the overall estimate regarding
energy contribution from ultra-processed foods may
have occurred. In the 22- and 30-year follow-ups, a higher
proportion of women was evaluated compared to men.
Considering this differential loss, the overall proportion
of outcome in the 1993 and 1982 Cohorts could be lower
than that observed. Also, in the 2004 Cohort, a higher
proportion of losses was observed among children of
younger mothers (≤24 years); however, maternal age
was not associated with outcome in any of the cohorts,
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considering that CIs are overlapping, and therefore, this
differential loss may not interfere in the overall propor-
tion of outcome at 11 years.

Among the study strengths, the calculation of energy
contribution of each processing group was adjusted for
the variables ‘diet for weight loss’ and ‘energy expendi-
ture/consumption ratio’. Individuals who diet for weight
loss tend to present information bias, with underestimated
consumption(42,43). Energy consumption/expenditure ratio
was included in the adjustment variables as an alternative
to the exclusion of outlier values from the FFQ report, aim-
ing to avoid sample losses. Furthermore, the use of data
from the three birth cohorts – representative of individuals
of the same age groups in medium-sized municipalities
who applied the same eligibility criteria in their samples
and same fieldwork logistics – represents another strength
of this study. Additionally, considering follow-up studies of
this size, high response rates were obtained in the three
cohorts.

In this study, the contribution of ultra-processed foods to
total daily energy consumption was higher among younger
cohorts. Maternal schooling was associated to the con-
sumption of these foods in the three cohorts, indicating
an inverse dose–response relationship in the 2004 and
1993 Cohorts, and a direct relationship in the 1982
Cohort. These findings indicate that information from nutri-
tion public policies requires greater dissemination among
population groups with lower schooling and income,
mainly girls and women. Other measures aimed at promot-
ing healthy eating, such as regulation of food advertising
focused on children and adolescents and promotion of
the Dietary Guidelines for the Brazilian Population(6) by
the media, are extremely necessary. Along with that,
changes in food taxation, with decreasing costs of unproc-
essed and minimally processed products and increasing
costs of ultra-processed products, represent important
strategies to promote the reduction of consumption of
these foods in our country.
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