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Abstract Background and Aims: Cardiovascular disease development is related to known risk
factors (such as diet and blood lipids) that begin in childhood. Among dietary factors, the consumption of ultra-processing products has received attention. This study investigated whether
children’s consumption of processed and ultra-processing products at preschool age predicted
an increase in lipid concentrations from preschool to school age.
Methods and Results: Cohort study conducted with 345 children of low socioeconomic status
from São Leopoldo, Brazil, aged 3e4 years and 7e8 years. Blood tests were done to measure lipid
proﬁle. Dietary data were collected through 24-h recalls and the children’s processed and ultraprocessing product intake was assessed. Linear regression analysis was used to assess the relationship between processed and ultra-processed product intake at 3e4 years on changes in lipid
concentrations from preschool to school age. The percentage of daily energy provided by processed and ultra-processed products was 42.6  8.5 at preschool age and 49.2  9.5 at school
age, on average. In terms of energy intake, the main products consumed were breads, savoury
snacks, cookies, candy and other sweets in both age groups. Ultra-processed product consumption at preschool age was a predictor of a higher increase in total cholesterol (b Z 0.430;
P Z 0.046) and LDL cholesterol (b Z 0.369; P Z 0.047) from preschool to school age.
Conclusion: Our data suggest that early ultra-processed product consumption played a role in
altering lipoprotein proﬁles in children from a low-income community in Brazil. These results
are important to understanding the role of food processing and the early dietary determinants
of cardiovascular disease.
ª 2014 Elsevier B.V. All rights reserved.
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Cardiovascular disease remains the leading cause of premature death worldwide [1,2]. The development and
progression of cardiovascular disease is related to a number of risk factors that begin in childhood, such as diet and
speciﬁc blood lipid levels [3,4]. Dietary habits that are
formed early are likely to track later in childhood and form
the basis for adult eating patterns [5]. Evidence from the
“Cardiovascular Risk in Young Finns” study showed

Consumption of ultra-processed food products and its effects on children's lipid proﬁles

substantial tracking of dietary patterns, reﬂecting food
choices from childhood to adulthood [6]. In subsequent
longitudinal analyses, such patterns were found to be
associated with several cardiovascular risk factors [7,8].
Furthermore, it has been reported that elevated lipid
concentrations track from childhood to adulthood, as lipid
and lipoprotein results in childhood are predictive of
future adult lipoprotein proﬁles [4]. There are a number of
speciﬁc nutrient intake factors that are associated with
cardiovascular disease, including high saturated and trans
fat intake [9], low dietary ﬁber intake [10] and low polyunsaturated fat intake [11]. Among the various dietary
factors that have been identiﬁed as contributors to the
development of cardiovascular risk factors, the consumption of processed and ultra-processed products has
received attention [12e14].
Processed products are foods that have been altered to
add substances that substantially change their nature or
use, while ultra-processed products are food products
formulated mainly or entirely from processed ingredients,
typically including little or no whole foods [12]. Evidence
has shown that these products (particularly ultraprocessed products) are more energy-dense and have
more fat, sugar and sodium than fresh or minimallyprocessed foods and culinary ingredients (such as oils,
sugar, and salt) [15,16]. Moreover, the sale and consumption of ultra-processed products is rapidly increasing
throughout the world [13,17-20].
Therefore, there is reason to believe that consumption of
processed and ultra-processed products may play a role in
the development of chronic diseases [21,22]. Thus far, only a
limited number of studies have addressed the relationship
between food processing and cardiovascular disease risk.
One study reported that processed and ultra-processed
product consumption increased the risk for metabolic syndrome in adolescents [23]. A second study demonstrated a
positive and independent association between the household availability of ultra-processed products and obesity in a
national representative sample of the Brazilian population
[24]. However, the association between processed and ultraprocessed product consumption and lipid proﬁles in children
has not been studied and is poorly understood.
Our objective was to assess whether children’s consumption of processed and ultra-processed products at
preschool age predicted an increase in lipid concentrations
from preschool to school age. Given that processed and
ultra-processed product consumption is associated with
low diet quality in adults [15,16] and cardiovascular risk
factors in youths [23], we hypothesized that the consumption of these products at preschool age would be a
positive and signiﬁcant predictor of an increase in blood
lipid levels from preschool to school age.
Methods
Study population
This study used data from children who participated in a
randomized trial of dietary counseling on breastfeeding and
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dietary practices during the ﬁrst year of life [25]. Five
hundred motherechild pairs were recruited between
October 2001 and June 2002 in the maternity ward of a
hospital that attends to low-income population, in São
Leopoldo, Brazil, and the same children have been followed
since. Inclusion criteria were full-term (>37 weeks) babies
with a birth weight 2500 g. Exclusion criteria were HIVpositive mothers, congenital malformations, and children
admitted to the intensive care unit. The study protocol was
approved by the Ethics Committee of the Universidade
Federal de Ciencias da Saude de Porto Alegre and informed
consent of the mother was obtained at study entry.
Data collection
Fieldworkers conducted face-to-face structured interviews
in home visits with the mothers at 6 months, 3e4 years,
and 7e8 years following birth. Data were authenticated at
monthly intervals by randomly calling 10% of the households and repeating several questions in the survey.
Identiﬁcation and data required for locating the family in
the community were collected at the time of recruitment.
Sex, birth length, and birth weight information was obtained from hospital records. Socioeconomic and family
characteristics were assessed when the children reached
an age of 6 months by face-to-face interviews with
mothers. Anthropometric data was obtained at 7e8 years
old using a digital scale (Techline, São Paulo, Brazil) to the
nearest 0.1 kg and a stadiometer (SECA, Hamburg, Germany) to the nearest 0.1 cm. BMI-for-age z-scores (BMIz)
were estimated based on the World Health Organization
standards [26].
Dietary data
At 3e4 years (preschool age) and 7e8 years (school age)
old, two 24-h dietary recalls for each child were collected
on two non-consecutive days that were chosen randomly
within two weeks to one month. For preschool children,
the recall was provided by mothers or other caregivers;
recalls of school age children were self-reported with
assistance from mothers or other caregivers. If children
spent time with multiple caregivers (e.g., during school
hours), all or most of them were interviewed to record all
items the children consumed during the previous day. To
quantify food portion size, pictures were used to illustrate
standard household measurements, such as teaspoons,
tablespoons, and cups. A nutritional support program with
a database of Brazilians foods (NutWin, version 1.5, Sao
Paulo, Brazil) was used to quantify energy intake.
To determine the relationship between processed and
ultra-processed product intake on lipid proﬁles, the consumption of these products by children was assessed using
the food classiﬁcation system proposed by Monteiro and
colleagues [12]  recently named the “NOVA Classiﬁcation
System” by the authors of a systematic review [14]. The
NOVA system gives primary importance to the nature, extent
and purpose of food processing and is based on three groups:
unprocessed and minimally processed foods, including all
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types of such food, of both plant and animal origin (Group 1);
processed culinary ingredients designed to be combined
with foods to make meals and dishes (Group 2); and processed and ultra-processed products (Group 3). Processed
products are foods that have been altered to add substances
such as salt, sugar or oil that substantially change their nature or use (e.g. canned vegetables, canned ﬁsh preserved in
oil and cheese). Ultra-processed products are food products
formulated mainly or entirely from processed ingredients,
typically including little or no whole food (e.g. bread, chips,
cookies, candy, chocolate, soft drinks, breakfast cereal and
processed meat). They are very durable, edible, drinkable
and palatable by themselves, and are made to be ready-toconsume or ready-to-heat. For the purposes of this study,
only the third group (processed and ultra-processed products) was analyzed.
The usual dietary intake of energy and processed and
ultra-processed products was estimated by the Multiple
Source Method (MSM) https://msm.dife.de/ [27]. The MSM
calculates dietary intake for individuals and then constructs the population distribution based on this data. This
method was used to correct dietary data for intra- and
inter-personal variability in each of the nine groups of
processed and ultra-processed products (bread, savoury
snacks and biscuits, sweets, soft drinks, cheese, processed
meat, canned dishes, mayonnaise, dressing and sauces and
others). A probability value of 0.5 (50%) was used to assign
habitual consumer status, assuming that there is a certain
percentage (50%) of real habitual consumers among the
individuals who did not consume a food product during to
the two dietary recall periods. Therefore, 50% of those who
did not consume in the 24-h dietary recall period were
randomly assigned habitual consumer status. An intake
estimate was calculated for those who were selected in
this manner (MSM, German Institute of Human Nutrition,
Germany). After the MSM was applied, dietary data were
analyzed for percentage of total energy from processed
and ultra-processed products. No cases were excluded due
to extreme over- or under-reported energy intake values.
Lipid proﬁle
Venous blood samples were collected from the subjects’
right arms after fasting overnight at age 3e4 and 7e8.
Serum analyses were performed at the Cardiology Institute
of Rio Grande do Sul laboratory by technicians who were
blinded to the objectives of this study. Total cholesterol,
high-density lipoprotein (HDL) and triglyceride concentrations were measured with an automatic analyzer (Cobas
Integra, São Paulo, Brazil). Low-density lipoprotein (LDL)
was calculated according to Friedewald’s formula (all triglyceride concentrations were <400 mg/dL). Non-highdensity lipoprotein (nHDL) was calculated by subtracting
HDL-cholesterol from total cholesterol.
Statistical analysis
Variables were described using mean and standard deviation (normally distributed data) or median and inter-
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quartile range (non-normally distributed data), and
percent frequency. Non-normally distributed variables
were log-transformed (triglycerides at preschool and
school age) before analysis and untransformed values
were presented in tables to facilitate interpretation. Mean
and standard deviation for the contribution of each processed or ultra-processed product group to the total energy intake were then calculated (as a percentage of total
energy) for children strata corresponding to quartiles of
the distribution of the contribution of processed and ultraprocessed products to total energy intake. The outcomes
were expressed as unit changes in lipid concentrations
from preschool to school age (D lipid concentrations).
Linear regression analysis was used to assess the effect of
the consumption of processed and ultra-processed products at 3e4 years on D lipid concentrations. The model was
adjusted for sex, group status in the early phase (intervention and control), birth weight, family income,
maternal schooling, and BMIz score and total energy
intake at age 7e8. Data were expressed as standardized
regression coefﬁcient b, 95%CI and P values. All statistical
analyses were performed using SPSS 16.0 (SPSS Inc, Chicago, IL) and statistical signiﬁcance was set at p < 0.05.
Results
Among the 500 children initially recruited at birth, 356
underwent assessment at age 3e4 and 315 underwent
assessment at age 7e8. Loss to follow-up in this cohort
was due to refusal to participate, change of address, child
or maternal death and genetic disease. No differences were
found between children who were lost to follow-up and
those who remained at 7e8 years of age in terms of race,
sex, birth weight, birth length, maternal age at child’s
birth, maternal education level, and annual family income.
Complete dietary data were available for 345 preschoolage and 307 school-age children. Complete lipid data were
available for 327 preschool-age and 307 school-age children. The children’s baseline characteristics are shown in
Table 1 and descriptive information on the children’s lipid
proﬁles is presented in Table 2.
The percentage of energy provided by consuming processed and ultra-processed products was 42.6  8.5

Table 1 Characteristics of children at preschool and school age.a

Boys, n (%)
Non-white, n (%)
Maternal age at child’s
birth (years), mean (SD)
Maternal schooling
(years), mean (SD)
Annual family income
(US$), mean (SD)

3e4 years
(n Z 346)

7e8 years
(n Z 307)

194 (56.1)
156 (56.1)
25.7 (6.5)

171 (55.7)
142 (58.2)
25.7 (6.6)

6.6 (2.7)

6.7 (2.5)

3314.4 (2340.4)

3391.3 (2415.1)

SD: standard deviation.
a
Values may not equal total number of subjects in each group
because of missing data.
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Table 2 Lipid proﬁle in preschool (3e4 years) and school age (7e8
years) children.
3-4 years
(n Z 327)
Total cholesterol
(mg/dL); mean (SD)
Triglycerides
(mg/dL); median (IR)
LDL cholesterol
(mg/dL); mean (SD)
nHDL cholesterol
(mg/dL); mean (SD)
HDL cholesterol
(mg/dL); mean (SD)

7-8 years
(n Z 305)

D (n Z 277)

128.3 (25.7) 161.9 (27.0) 33.4 (1.4)
54.0 (25.0)

64.0 (32.0)

7.0 (27.5)

71.2 (23.1)

100.2 (23.4) 28.4 (1.2)

83.3 (23.8)

113.9 (24.4) 30.0 (1.2)

44.9 (10.4)

48.0 (10.9)

3.3 (0.5)

IR: interquartile range; SD: standard deviation; D: changes in lipid
concentrations at 3e4 years and 7e8 years.

(643.4  147.9 kcal) at preschool age and 49.2  8.5
(767.7  184.9 kcal) at school age, on average. In terms of
energy intake, the main products consumed were breads,
savoury snacks and cookies, sweets (i.e. candy, chocolate,
ice cream), and other products like instant noodles,
breakfast cereals, and sugary milk beverages in both age
groups e all of them were ultra-processed product groups
(Fig. 1). Taken together, these ultra-processed products
provided 33.9% and 37.9% of the total energy intake at
preschool and school age, respectively.
Table 3 shows the contribution of the processed and
ultra-processed product groups to the children’s total energy intake according to the quartiles of the amounts of
processed and ultra-processed products in their diets. At
3e4 years, these values ranged from 32.3% of total energy
in the 25% of children that consumed the least energy from
processed and ultra-processed products to 53.2% in the
25% of children that consumed the most energy from
processed and ultra-processed products. At 7e8 years, the
values ranged from 36.9% of total energy in the 25% of
children that consumed the least energy from processed
and ultra-processed products to 61.0% in the 25% of
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children that consumed the most energy from processed
and ultra-processed products.
Regarding associations between consumption at preschool age and lipid concentrations, we assessed the
association between each of the ﬁve outcomes and the
energy of processed products and ultra-processed
products separately. The results showed that ultraprocessed products were associated with lipid concentrations in the adjusted linear regression analyses,
whereas processed products were not (Table 4). The
consumption of ultra-processed products at preschool
age was a signiﬁcant predictor of an increase in total and
LDL cholesterol concentrations from preschool to school
age. In summary, for every 1% increase in energy intake
from ultra-processed products, D total cholesterol
increased by 0.430 mg/dL and D LDL cholesterol
increased by 0.369 mg/dL after adjusting for sex, group
status in the early phase, birth weight, family income,
maternal schooling; and BMIz score and total energy
intake at age 7e8.
Discussion
The prevalence of cardiovascular disease continues to increase throughout the world [1]. While there is consistent
and substantial evidence that cardiovascular diseases are
associated with speciﬁc dietary and activity patterns (such
as high-fat, low-ﬁber diets and little or no physical activity), there is little if any research on how diet in childhood
contributes to the development of such diseases [28]. To
our knowledge, ours is the ﬁrst study to examine the
longitudinal relationship between the ultra-processed
product consumption and lipid proﬁles in children in
Brazil and throughout the world. Brieﬂy, we found that the
ultra-processed product consumption at preschool age
was a signiﬁcant predictor of increased total and LDL
cholesterol concentrations during childhood. Thus, dietary
patterns in childhood may very well mark the beginning of
lipid proﬁles that predispose children to early

Figure 1 Contribution (%) of processed and ultra-processed products to the dietary intake of preschool (3e4 years) and school age (7e8 years)
children. aCrackers, chips, cookies. bCandy, chocolate and ice cream. cSoda, sweetened juice. dInstant noodle, dehydrated soup, breakfast cereal,
sugared milk beverages and sugared beverages.
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Table 3 Contribution (%) of the processed and ultra-processed
products groups to total energy intake by quartile of the contribution of total processed products intake in preschool (3e4 years) and
school age (7e8 years) children.
Quartiles of percentage of energy from
processed and ultra-processed products
1

B

95%CI

P

2.068e4.98
1.529e4.544
1.780e4.573
4.962e3.213
1.203e1.322

0.416
0.328
0.387
0.673
0.926

0.008e0.853
0.005e0.733
0.059e0.697
0.955e0.025
0.026e0.277

0.046
0.047
0.098
0.063
0.105

a

2

3

4

0.5  0.8
0.4  0.6

0.5  1.1
0.2  0.4

0.8  1.2
0.3  0.4

7.9  4.2
9.4  4.0

8.4  3.5
9.5  3.9

9.6  4.2
11.7  3.5

Processed products intake
D Total cholesterol
1.457
D LDL cholesterol
1.508
D nHDL cholesterol
1.397
D Triglycerides
0.875
D HDL cholesterol
0.060
Ultraeprocessed products intakea
D Total cholesterol
0.430
D LDL cholesterol
0.369
D nHDL cholesterol
0.319
D Triglycerides
0.465
D HDL cholesterol
0.125

9.3  4.4
4.7  2.3
1.7  1.7
0.09  0.2

9.8
5.2
2.7
0.1






11.8  3.6
5.8  3.0
3.8  3.4
0.2  0.4

D: changes in lipid concentrations at 3e4 years and 7e8 years (mg/
dL).
a
Expressed as percentage of total energy intake. Adjusted to sex,
group, birth weight, family income, maternal schooling, and BMIfor-age z-scores and total energy intake at 7e8 years.

mean  SD
At 3e4 years
Processed products
Cheese
0.4  0.7
Canned dished 0.3  0.5
Ultra-processed
products
Bread
7.0  3.8
Savoury and
7.0  5.2
Biscuitsb
Sweetsc
6.1  5.1
Soft drinksd
4.4  2.2
Processed meat 1.3  1.5
Mayonnaise,
0.07  0.1
dressing and
sauces
Othere
5.4  4.6
All productsa
32.3  4.9
At 7e8 years
Processed products
Cheese
0.5  0.6
Canned dished 0.1  0.2
Ultra-processed
products
Bread
11.2  5.1
Savoury and
8.0  5.5
Biscuitsb
Sweetsc
5.6  4.3
Soft drinksd
3.8  2.4
Processed meat 3.1  2.4
Mayonnaise,
0.2  0.7
dressing and
sauces
Othere
4.0  3.2
All productsa
36.9  5.2

Table 4 Linear Regression of processed products and ultraprocessed products consumption at preschool age on changes in
lipid concentrations at preschool (3e4 years) and school age (7e8
years).

4.3
2.6
2.7
0.2

6.0  4.7 8.2  5.7 8.9  6.2
40.1  1.2 44.9  1.7 53.2  4.7

0.8  0.8
0.1  0.2

0.8  0.9
0.2  0.5

1.7  1.8
0.2  0.3

12.2  5.3 13.8  4.5 16.9  6.3
11.6  5.4 12.3  5.2 14.3  5.0
7.0
5.0
3.3
0.2






4.3
2.3
2.1
0.6

7.5
6.0
4.0
0.5






4.1
3.4
2.2
1.1

9.1
5.7
4.5
0.9






4.4
2.7
2.0
1.5

5.0  4.0 6.2  3.8 7.2  5.0
45.7  1.9 51.8  1.8 61.0  5.0

a

Expressed as percentage of total energy intake.
Crackers, chips, cookies.
Candy, chocolate and ice cream.
d
Soda, sweetened juice.
e
Instant noodle, dehydrated soup, breakfast cereal, sugared milk
beverages and sugared beverages.
b
c

atherosclerotic changes associated with cardiovascular
disease development [4].
The consumption of processed and ultra-processed
products is an important factor to study as this accounted for approximately 50% of the total energy consumed by
the children, almost double the average of 27% found in
the overall Brazilian population [18]. Speciﬁcally, the ultraprocessed products like bread, chips, cookies, candy and
other sweets, and sweetened beverages contributed the
most to the percentage of energy coming from processed
and ultra-processed products, corroborating previous
studies [16,18]. Such products are nutritionally unbalanced
because they are usually energy-dense; contain large
amounts of total fat, saturated fat, trans fat, free sugars and

sodium; have high glycaemic loads; and contain little or no
ﬁbre, micronutrients or other protective bioactive compounds that are naturally present in foods [15,16]. In
addition, ultra-processed products are highly palatable
(which makes them quasi-addictive) and can lead to the
physiological disruption of hunger and satiety signals, thus
inducing overeating [29]. They are fast and convenient to
consume anywhere (ready-to-eat), attractive and even
glamorous due to sophisticated marketing strategies that
speciﬁcally target children and adolescents [30]. All these
factors explain excessive ultra-processed product consumption by children. Thus, unless this overconsumption
is curtailed, other interventions focusing on increasing
fruit and vegetable consumption will have limited impact
on controlling obesity and diet-related diseases, since evidence has shown that food preferences are formed early
in life and predict food consumption patterns throughout
life [31].
Another important ﬁnding is that a 10% increase in the
consumption of ultra-processed products at preschool age
increased the change in total and LDL cholesterol from
preschool to school age by up to 3 mg/dL, even when
adjusting for energy intake and BMI-for-age z-score. Ultraprocessed products are thought to cause adverse health
effects through several mechanisms. The convenience and
speed associated with eating these products [15] favor
consumption behaviors such as snacking (instead of eating
regular meals based on vegetables, grains and meat) and
eating while watching television, which are known to
harm the mechanisms that regulate energy balance and
therefore lead to overconsumption and subsequent obesity
over time [32,33]. In addition, excessive consumption of
energy-dense foods that are high in sugar and trans fats is
associated with increased lipogenesis [34], the secretion of
very low-density lipoproteins [35], reduced oxidation and
greater fatty acid accumulation in tissues and blood [36].
Such changes are associated with atheromatous plaque
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formation on blood vessel walls as well as its clinical
consequences, such as myocardial infarction, stroke and
peripheral vascular disease [4]. Our results suggest that the
dysmetabolic effects of ultra-processed products may even
start in childhood, placing the pediatric population at
potential risk for cardiovascular and metabolic disease. In
order to combat this process, a national policy is needed to
promote, support, and protect traditional food systems and
healthy dietary patterns, including restrictions on the
advertising and marketing of ultra-processed products and
creating environments conducive to healthy eating [13,17],
especially for children.
Although we did not ﬁnd an association between ultraprocessed product consumption at preschool age and
changes in triglyceride and HDL cholesterol levels during
childhood, we point out that other factors (such as physical
activity) may be stronger predictors of changes in lipid
levels. Moreover, evidence has shown that food has a
stronger effect on total and LDL cholesterol levels in children than other dyslipidemia markers [37]. The absence of
association between processed products and lipid levels is
probably due to the lower share of these products in
children’s diets (0.8% of total energy at preschool age and
1.2% of total energy at school age), which did not cause an
effect. Also, our ﬁndings are consistent with a recent study
conducted in a national representative sample of the
Brazilian population that showed that ultra-processed
products were associated with obesity, whereas processed products were not [24].
There are some speciﬁc limitations of this study that
warrant discussion. The ﬁrst is the number of participants
lost to follow-up from birth to age 8. Our losses, which are
mainly due to families moving to an unknown address, are
similar to those of studies involving the follow-up of
people living in low-income urban areas. However, selection bias is unlikely to be a major problem, considering the
similarity in baseline characteristics between those lost
and those not lost. Second, the study included a sample of
children of low socioeconomic status and this could limit
the ability to generalize the results to other strata. However, the consumption of ultra-processed products in
Brazil rises with income [15,18]. Therefore the observed
relationship could be even more important for middle and
upper socioeconomic groups. Third, the children’s dietary
data were reported by the mothers and children (at age
7e8) and are subject to reporting errors. However, dietary
measurements were performed by trained ﬁeldworkers
using the multiple-pass method to facilitate dietary recall
and reduce error. Fourth, the use of two 24-h dietary recalls is not ideal scientiﬁcally. However, it was not practically possible to include more days. Therefore, the dietary
intake data has been corrected for intra- and interpersonal variability using the MSM method [27] to
partially counteract reporting error. Despite these limitations, this study has a number of strengths that reinforce
our results. Most importantly, because we used a longitudinal design, it is possible to assess causeeeffect relationships between variables. In addition, the statistical
analyses controlled for several confounding variables,
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including socioeconomic, anthropometric and dietary
factors. Finally, studying pre-pubertal children limited the
inﬂuence of hormonal differences between boys and girls
that may confound the reported results.
Although cardiovascular disease becomes symptomatic
only in adulthood, the detection and prevention of cardiovascular disease risk factors should begin during
childhood, when changes in lifestyle, including dietary
habits [11], can reduce disease incidence and severity [4].
Our results add new information about the relationship
between the early consumption of ultra-processed products and lipid proﬁles in children and highlight the need
for a comprehensive assessment of the effect of ultraprocessed products on other cardiovascular risk factors
such as obesity, hypertension and diabetes. These results, if
conﬁrmed in other populations, will be extremely important for understanding the etiology of cardiovascular diseases and for formulating public health strategies aimed at
preventing these diseases and reducing consumption of
ultra-processed products early in life.
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