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Abstract
The excessive intake of ultra-processed foods (UPF) is associated with an increase in cardiovascular risk. However, the effect of UPF intake on
cardiovascular health in children and adolescents with congenital heart disease (CHD) is unknown. The aim of the present studywas to describe
UPF intake and evaluate associations with isolated cardiovascular risk factors and children and adolescents with CHD clustered by cardio-
vascular risk factors. A cross-sectional study was conducted involving 232 children and adolescents with CHD. Dietary intake was assessed
using three 24-hour recalls. UPF were categorised using the NOVA classification. The cardiovascular risk factors evaluated were central adi-
posity, elevated high-sensitivity C-reactive protein (hs-CRP) and subclinical atherosclerosis. The clustering of cardiovascular risk factors (waist
circumference, hs-CRP and carotid intima-media thickness) was performed, allocating the participants to two groups (high v. low cardiovascular
risk). UPF contributed 40·69 % (SD 6·21) to total energy intake. The main UPF groups were ready-to-eat and take-away/fast foods (22·2 % energy
from UPF). The multivariable logistic regression revealed that an absolute increase of 10 % in UPF intake (OR= 1·90; 95 % CI: 1·01;3·58) was
associated with central adiposity. An absolute increase of 10 % in UPF intake (OR = 3·77; 95 % CI: 1·80, 7·87) was also associated with children
and adolescents with CHD clustered by high cardiovascular risk after adjusting for confounding factors. Our findings demonstrate that UPF
intake should be considered as a modifiable risk factor for obesity and its cardiovascular consequences in children and adolescents with CHD.
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Ultra-processed foods (UPF) are industrially produced ready-to-
eat foods and beverages that generally have high fat and sugar
content as well as low micronutrient content(1). Children can
often have high UPF intake, accounting for more than 40 % of
the energy contribution of the diet(2). Nearly 70 % of schoolchil-
dren consume at least oneUPF product per day(3). Previous stud-
ies have demonstrated that UPF intake is associatedwith low diet
quality(4,5) and unfavourable health outcomes, such as
obesity(6,7) and dyslipidaemia(8) in children. UPF intake is also
associated with a greater risk of mortality due to CVD in
adults(9,10).

Although CVD usually only appears in adulthood, the early
identification of risk factors in childhood can assist in the estab-
lishment of measures for reducing cardiovascular mortality later
in life(11). This is crucial for individuals with congenital heart

disease (CHD), who are at high risk of mortality in adulthood
due to CVD(12). Some studies report that the development of
CVD begins in childhood in individuals with CHDwho have risk
factors, such as obesity(13,14), inflammation(13,15) and subclinical
atherosclerosis(16). This population also has unique clinical char-
acteristics related to cardiovascular risk, such as an abnormal
anatomy, altered haemodynamics, cyanosis, reperfusion injury
and inflammation from heart procedures(17).

Children and adolescents with CHD seem to have a diet with
a large amount of UPF. One study found that this population has
a high intake of added sugars and trans fatty acids(18), which are
often present in UPF(4,5). However, no studies have explored
UPF intake and associations with cardio-metabolic risk factors
in children and adolescents with CHD. It is also important to ana-
lyse the combination of cardiovascular risk factors to enable
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greater robustness in the identification of groups at high cardio-
vascular risk, since individuals can have multiple and interre-
lated cardiovascular risk factors(19).

The hypothesis tested in this study is that UPF intake is asso-
ciated with increased cardiovascular risk in children and adoles-
cents with CHD. Therefore, the aim of the present study was to
describe UPF intake and evaluate associations with isolated
cardiovascular risk factors and children and adolescents with
CHD clustered by high cardiovascular risk factors. UPF intake
was also evaluated stratified by age group.

Methods

Study design and population

The present cross-sectional study is part of the follow-up study
on atherosclerosis risk factors in children and adolescents with
CHD ‘The Floripa CHild (Congenital Heart dIsease and
atheroscLerosis in chilDren and adolescents) Study’, which
was conducted from January to July 2017 involving children
and adolescents with CHD who underwent surgery or interven-
tional catheterisation for CHD and were in outpatient care at two
referral hospitals in southern Brazil. The sample size was esti-
mated with the aid of the OpenEpi® software considering the fol-
lowing criteria: (i) total population of children and adolescents
with CHD in two cardiology outpatient care programmes (n
430); (ii) unknown prevalence of children and adolescents with
CHD clustered by high cardiovascular risk factors (set at 50 % to
obtain the largest sample), (iii): type 1 error (α) of 0·05, type 2
error (ß) of 0·20, 95 % CI; (iv): losses or refusals (10 %). Thus,
225 participants were needed for this study.

Children and adolescents between 5 and 18 years of age with
CHD who underwent surgery or interventional catheterisation
for CHDwere included. The exclusion criteria were clinical con-
ditions that interfered with the anthropometric assessment,
genetic syndromes and chronic or acute inflammatory condition
in the 15 d prior to the assessment. This study received approval
from the Human Research Ethics Committee of The Joanna de
Gusmão Children’s Hospital (certificate number: 1·672·255/
2016) and was conducted in accordance with the ethical pre-
cepts stipulated in the 1964 Declaration of Helsinki and later
amendments. All parents and guardians signed a statement of
informed consent before the study was initiated.

Dietary intake

Three non-consecutive 24-h food recalls using the multiple-pass
method(20) were applied by trained dietitians. The dietitians
received theoretical and practical training based on the guide-
lines of the multiple-pass method(20) supervised by a researcher
dietitian with experience in the application of the method. Two
24-h recalls were applied on weekdays and one 24-h recall was
applied on a weekend day. The 24-h recalls were applied to the
individuals who spent more time at home with the children. The
children and adolescents also assisted in the process. The first
24-h recall was applied in-person during the data collection
and the second and third 24-h recalls were applied over the

telephone (mean time between the first and third 24-h dietary
recalls was 7·3 weeks (SD: 3·21).

Energy and nutrient intakes were estimated using the
Nutrition Data System for Research (NDSR) grad pack 2017
(NCC Food and Nutrient Database, University of Minnesota).
As the NDSR is North American software, we checked the nutri-
tional equivalences of the foods available in the software based
on Brazilian charts(21–23) and typical Brazilian recipes were
entered into the software. Other studies with Brazilians used this
software to assess dietary intake(24–26). Energy and nutrient
intakes were adjusted for intra- and interpersonal variability
using the Iowa State University method(27). Nutrients were
adjusted to total energy intake using the residual method(28).
Details on the assessment of dietary intake can be found in a pre-
vious study(18). Intakes of energy (kcal/d and kJ/d), proteins (g/
kg/d), carbohydrates (%/E), total fat (%/E), SFA (%/E), MUFA
(%/E), PUFA (%/E), trans fatty acids (%/E), cholesterol (mg/
d), Na (mg/d), total fibre (g/d), added sugars (g/d), Ca (mg/
d), Fe (mg/d), P (mg/d), Zn (mg/d), Se (μg/d), Mg (mg/d), K
(mg/d), vitamin A (μg/d), vitamin C (mg/d) vitamin D (μg/d)
and vitamin B12 (μg/d) were estimated.

Classification of ultra-processed food

Food and beverages recorded in the three non-consecutive 24-h
recalls were categorised using the NOVA classification, which is
based on the degree of processing: (1) unprocessed and mini-
mally processed foods; (2) processed culinary ingredients; (3)
processed foods and (4) UPF(1). This study focused only on
the UPF group. UPF were defined as industrially produced
ready-to-eat foods with many ingredients, rich in additives
and with low micronutrient content. Examples of UPF are soda
drinks, chips, sweet biscuits and breakfast cereals(1). UPF were
divided into the following groups: (1) ready-to-eat and take-
away/fast foods; (2) instant noodles; (3) chips; (4) sweetening
products; (5) sweet biscuits/breakfast cereals; (6) chocolate;
(7) industrially packaged breads; (8) soft drinks; (9) margarine;
(10) salted crackers; (11) processed meats; (12) infant formula;
(13) chocolate powders; (14) sweetened beverages and (15)
candy. Details on the ultra-processed groups are described in
Supplementary Table 1. Total UPF intake and the intake of the
main groupswere adjusted for intra- and interpersonal variability
using the Iowa State University method(27) and total energy
intake was adjusted using the residual method(28). UPF intake
was expressed as the percentual of daily energy intake (%/E/
d). The dietary sources contributing to daily energy from UPF
were also calculated.

Outcomes

The primary outcome of the study was children and adolescents
with CHD clustered by high cardiovascular risk factors using
two-stage cluster analysis. The purpose of cluster analysis was
to group participants based on co-occurring of cardiovascular
risk factors considering the characteristics of the sample. The
cluster solution was based on interpretability of the cluster.
Thus, cluster analysis was performed several times with multiple
cardiovascular risk factors (lipid profile, glycaemic profile and
anthropometric variables in continuous and/or categorical
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variables) and interactions between cluster variables, as per-
formed in previous studies(18,29). The three most important
cardiovascular risk factors in children and adolescents with
CHD (waist circumference (WC; percentile), high-sensitivity
C-reactive protein (hs-CRP; mg/l) and carotid intima-media
thickness (cIMT; mm)) were used as continuous variables in
the cluster analysis. Log-likelihood was used to measure
distance. The Schwarz Bayesian information criterion was fol-
lowed. To check the quality of the cluster, themaximum average
silhouette (> 0·5) was used, which represents good cohesion
and separation between clusters(30). Two clusters were identified
based on cardiovascular risk factors: (1) children and adoles-
cents with CHD clustered by high cardiovascular risk factors
(i.e., highest values for WC, hs-CRP and cIMT) and (2) children
and adolescents with CHD clustered by low cardiovascular risk
factors (i.e., lowest values for WC, hs-CRP and cIMT). Details on
the participants clustered by high cardiovascular risk factors are
displayed in Supplementary Table 2.

The secondary outcomes were isolated cardiovascular risk
factors (central adiposity, elevated hs-CRP and subclinical ath-
erosclerosis). WC was measured at the iliac crest at the end of
normal expiration using a nonelastic tape measure with an accu-
racy of 1 mm (TBW®, São Paulo, Brazil) without applying any
pressure to the body surface. WC percentiles according to sex
and age were calculated(31). Central adiposity was classified as
≥ the 75th percentile according to age and sex(32). High-sensitiv-
ity CRP was determined by immunonephelometry (Dimension®,
Siemens). Elevated hs-CRP was considered≥ 3 mg/l, represent-
ing high cardiovascular risk(33). cIMTwas evaluated using carotid
ultrasound (Toshiba, model Viamo®, Japan) with a 7·5 MHz lin-
ear transducer and a depth of 4 cm and was determined by a
paediatric cardiologist following ‘The recommendations of the
Consensus Statement from the American Society of
Echocardiography Carotid Intima-Media Thickness Task
Force’(34). The cIMT measurement was performed on the three
clearest of six images collected in arterial diastole using semi-
automated arterial edge-detection software (M’Ath®, Metris
SRL) with a digital reading of 100 points and expressed in milli-
metres (mm). Subclinical atherosclerosis was considered cIMT≥
the third tercile (mean: 0·592 mm (SD: 0·055)).

Covariates

The socio-demographic characteristics of interest were age (in
years, categorised as children or adolescents), sex (female or
male), household income (≤ the monthly minimum wage or
> the monthly minimum wage) and mother’s schooling (< 10
years or≥ 10 years of formal study). The following clinical char-
acteristics related to CHDwere also evaluated: CHD (cyanotic or
acyanotic), heart procedure (cardiac catheterisation or heart sur-
gery), number of hospitalisations due to infection (< three times
or ≥ three times) and post-operative time (years). A family his-
tory of obesity and early CVD (no or yes) was also investigated.
Screen time (use of electronic devices) was categorised as< 2
hours/d or≥ 2 hours/d(35). Physical activity was assessed using
Physical Activity Questionnaire for Children and categorised
as insufficiently active (one to three points) or active (four to five
points)(36). Passive smoking was assessed by the following

question posed to the participants: ‘Does anyone in your home
smoke?’ Passive smoking was recorded when the participant
answered affirmatively. BMI for age and by percentile were
obtained using the WHO Anthro Plus software. Overweight
and obesity were classified as ≥ the 85th percentile(37).

Statistical analysis

The normality of continuous variables was evaluated using the
Kolmogorov–Smirnov test, histograms and the CV. Continuous
variables were expressed as mean and standard deviation (SD)
or median and interquartile range. Categorical variables were
expressed as absolute and relative frequencies. Either the chi-
square or Fisher’s exact test was used to examine differences
in the clinical characteristics of the participants among terciles
of the percentage of UPF in the diet. The sample was divided into
two groups: lower intake (< the median of UPF intake) and
higher intake (≥ themedian of UPF intake). Differences between
these groups were investigated using the Student’s t test. Logistic
regression analysis was applied to evaluate the association
between UPF intake and isolated cardiovascular risk factors as
well as children and adolescents with CHD clustered by high
cardiovascular risk factors. The results were expressed as OR
and the respective 95 % CI. The OR corresponded to an absolute
increase of 10 % of UPF in the diet. The multiple logistic regres-
sion analysis was adjusted for confounding factors, which were
determined based on statistical significance in the simple regres-
sion analysis (P< 0·20) as well as previous studies on cardio-
vascular risk factors in children and adolescents with CHD.
Adjusted Analysis 1 (all outcomes) – the analysis was adjusted
for age (years), sex, physical activity (score) and mother’s
schooling. Adjusted Analysis 2 (central adiposity) – the analysis
was further adjusted for type of CHD, post-operative time (years)
and family history of CVD. Adjusted Analysis 2 (elevated hs-CRP)
– the analysis was further adjusted for family history of CVD,
number of hospitalisations due to infection and central adiposity.
Adjusted Analysis 2 (subclinical atherosclerosis) – the analysis
was further adjusted for family history of CVD, number of hos-
pitalisations due to infection, central adiposity and elevated hs-
CRP. Adjusted Analysis 2 (children and adolescents with CHD
clustered by high cardiovascular risk factors) – the analysis
was further adjusted for family history of CVD and number of
hospitalisations due to infection. All analyses were conducted
using the Statistical Package for the Social Sciences (SPSS version
23·0, IBM SPSS Inc.). Figureswere created usingGraphPad Prism
version 8 (Graph Pad Software Inc.). An alpha level< 0·05 was
considered statistically significant.

Results

Participant’s characteristics

A total of 232 participants (52·6 % girls) were included in the
study (Supplementary Fig. 1). Mean age was 10·02 years
(7·09–13·05). Post-operative time was 6·73 years (SD 3·84).
Nineteen percent of the participants were overweight or obese
based on BMI for age and 24·6 % had central obesity based on
WC. Table 1 displays the characteristics of the participants.
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Ultra-processed food intake

UPF accounted for a mean of 40·69% (SD 6·21) of total energy
intake. The main food groups contributing to UPF intake were
ready-to-eat and take-away/fast foods (22·2% of total energy),
sweetening products (17·7% of total energy) and sweet bis-
cuits/breakfast cereals (9·8% of total energy) (Fig. 1).
Supplementary Table 3 shows the nutrient profile of the diet
according to UPF intake. Compared with the lower intake group,
higher UPF intake was associated with lower intakes of energy
(p< 0·001), total fibre (P< 0·001) and K (P= 0·002) as well as

higher intakes of carbohydrates (P< 0·001), total fat (P< 0·001),
SFA (P< 0·001), MUFA (P< 0·001), PUFA (P< 0·001), trans fatty
acids (P< 0·001), cholesterol (P< 0·001), P (P= 0·001), Zn
(P< 0·001), vitamin A (P< 0·001) and vitamin B12 (P= 0·04).

Association between ultra-processed food and
cardiovascular risk factors

The prevalence of cardiovascular risk factors among the children
and adolescents was 24·6 % for central adiposity, 12·5 % for
elevated hs-CRP and 33·2 % for subclinical atherosclerosis.

Table 1. Characteristic of study participants

All participants
(n 232) Children (n 111) Adolescents (n 121) P value

Characteristics n % n % n %

UPF intake
Mean 40·69 41·75 39·72
SD 6·21 6·55 5·74

Sex
Female 122 52·6 50 41·0 72 59·0 0·03
Male 110 47·4 61 55·5 49 44·5

Household income†
< monthly minimum wage 157 67·7 72 45·9 85 54·1 0·40
≥ monthly minimum wage 75 32·2 39 52·0 36 48·0

Mother’s schooling‡
< 10 years 99 43·0 34 34·3 65 65·7 < 0·001
≥ 10 years 131 57·0 77 58·8 54 41·2

Type of CHD
Cyanotic 79 34·1 40 50·6 39 49·4 0·58
Acyanotic 153 65·9 71 46·4 82 53·6

Heart procedure
Cardiac catheterisation 41 17·7 19 46·3 22 53·7 0·87
Heart surgery 191 82·3 92 48·2 99 51·8

Number of hospitalisations due to infection
< 3 times 187 80·6 87 46·5 100 53·5 0·51
≥ 3 times 45 19·4 24 53·3 21 46·7

BMI for age
Adequate 188 81·0 94 50·0 94 50·0 0·19
Overweight/obesity 44 19·0 17 38·6 27 61·4

Waist circumference§
No central obesity 170 73·3 83 48·8 87 51·2 0·54
Central obesity 57 24·6 25 43·9 32 56·1

Passive smoke||
No 172 75·1 29 50·9 28 49·1 0·65
Yes 57 24·9 80 46·5 92 53·5

Physical activity¶
Active 10 4·4 6 60·0 4 40·0 0·53*
Insufficiently active 217 95·6 103 47·5 114 52·5

Screen time
< 2 h 109 47·0 49 45·0 60 55·0 0·43
≥ 2 h 123 53·0 62 50·4 61 49·6

Family history of CVD**
No 177 77·6 85 48·0 92 52·0 0·75
Yes 51 22·4 23 45·1 28 54·9

Family history of obesity
No 147 64·5 73 49·7 74 50·3 0·41
Yes 81 35·5 35 43·2 46 56·8

* P-value obtained by chi-square or Fisher’s exact test.
† Brazilian minimum wage in February 2017 (US$295.00).
‡ n= 2 participants did not report.
§ n= 5 participants did not evaluate.
|| n= 3 participants did not report.
¶ n= 5 participants did not report.
** n= 4 participants did not report.
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Associations between UPF intake and each isolated cardio-
vascular risk factors are displayed in Table 2. The multivariable
logistic regression revealed that an absolute increase of 10 % of
UPF in the diet was associated with an increased likelihood of
central adiposity (OR= 1·90, 95 % CI: 1·01, 3·58). In the age
group analyses, an absolute increase of 10 % of UPF was associ-
ated with central adiposity only in adolescents (children:
OR= 1·39, 95 % CI: 0·58, 3·33; adolescents: OR= 4·66, 95 %
CI: 1·60, 13·55). UPF intake was not associated with the elevated
hs-CRP or subclinical atherosclerosis.

Association between ultra-processed food intake and
children/adolescents with congenital heart disease
clustered by high cardiovascular risk factors

In the cluster analysis, 22·3 % of the children and adolescents
with CHD were clustered by high cardiovascular risk factors.
The multivariable logistic regression revealed that an absolute
increase of 10 % of UPF was associated with children and ado-
lescents with CHD clustered by high cardiovascular risk factors
(OR= 3·77, 95 % CI: 1·80, 7·87) (Table 3). In the adjusted multi-
variable analysis stratified by age group, an absolute increase of
10 % of UPF intake was associated with children clustered by
high cardiovascular risk factors (OR= 5·98, 95 % CI: 1·38,
25·83) as well as adolescents clustered by high cardiovascular
risk factors (OR= 5·18, 95 % CI: 1·71, 15·68).

Discussion

In the present cross-sectional study involving children and ado-
lescents with CHD, UPF contributed to nearly half of total energy
intake and the main UPF groupwas ready-to-eat and take-away/
fast foods. An absolute increase of 10 % of UPF in the diet was
associated with an increased likelihood of central adiposity in
children and adolescents with CHD clustered by high cardio-
vascular risk factors. These findings underscore the need for
early nutrition interventions focused on the reduction in UPF
intake for groups at high cardiovascular risk, such as children
and adolescents with CHD, which may be beneficial to cardio-
vascular health.

UPF accounted for nearly half of the total daily energy intake
(40·7 %) of the children and adolescents with CHD. This figure is
higher than the 29·6 % reported for Brazilian adolescents and
adults(38) as well as the 33·2 % and 29·2 % reported for healthy
Belgian children and adolescents, respectively(39), but similar
to the 41·8 % and 47·8 %, respectively, reported for healthy
Brazilian preschoolers and schoolchildren with a low socio-eco-
nomic status(2). The high UPF intake in the present study may be
related to the fact that most children and adolescents with CHD
are from low-income families. The main food groups contribut-
ing to UPF intake were ready-to-eat and take-away/fast foods,
sweetening products and sweet biscuits/breakfast cereals.
Healthy Brazilian adolescents also have high intakes of pizza,
hamburgers and sandwiches(40), which are also defined as
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Fig. 1. Dietary sources contributing to daily energy from UPF in diet (%).
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ready-to-eat and take-away/fast foods. Among children from
lower income families, however, the UPF that contribute most
to the energy of the diet were bread, biscuits and sweets(2).
Children and adolescents with CHD also have a high frequency
of visits to fast food restaurants (approximately 35 % once a
month and 13·7 % twice a month)(41), which is in agreement with
the main source of UPF found in our study.

The children and adolescents with CHD with higher UPF
intake had lower intakes of energy, total fibre and K as well
as higher intakes of carbohydrates, total fats, SFA, MUFA,
PUFA, trans fatty acids, cholesterol, P, Zn, vitamin A and vitamin
B12. Several studies have shown that UPF intake is associated
with a lower quality of nutrients in the diet, especially low fibre
intake and high intakes of saturated fat, sugar and Na in healthy
children(4,5,39) and adolescents(42). However, our findings also

showed that participantswith highUPF intake had higher intakes
of micronutrients, such as P, Zn, vitamin A and vitamin B12.
These findings may be explained by the fortification of UPF with
vitamins and minerals(43). A study on food items advertised by
two Brazilian supermarket chains found that UPF have higher
contents of fibre, vitamins and proteins compared with unproc-
essed and minimally processed foods(37). However, UPF often
make claims on their front-of-pack labels, such as reduced con-
tent or absence of saturated fat, reduced energy content, ‘light’,
‘whole grain and fibers’, ‘free-from’ and ‘low in lactose’, and
highlight the presence of ingredients and ‘free-from gluten’ or
‘wheat-free’. Such claims can mislead consumers to unhealthy
food choices by giving the impression that UPF are ‘rich’ in vita-
mins and minerals(44). Thus, the association between UPF and
nutrient intake should be viewed with caution. An editorial

Table 2. Associations between intake of UPF and cardiovascular risk factors

All participants (n 232) Children (n 111) Adolescents (n 121)

Cardiovascular risk factors OR 95% CI P value OR 95% CI P value OR 95% CI P value

Central adiposity||
No of cases/non-cases 57/227 25/108 32/119
Unadjusted 2·31 1·42, 3·76 0·001 2·17 1·11, 4·21 0·02 2·82 1·35, 5·90 0·01
Adjusted 1* 2·09 1·15, 3·81 0·02 1·48 0·64, 3·40 0·36 4·53 1·69, 12·16 0·003
Adjusted 2† 1·90 1·01, 3·58 0·04 1·39 0·58, 3·33 0·45 4·66 1·60, 13·55 0·01

Elevated hs-CRP¶
No of cases/non-cases 29/230 11/111 18/119
Unadjusted 1·28 0·70, 2·32 0·42 2·44 1·06, 5·59 0·04 0·75 0·30, 1·87 0·54
Adjusted 1* 1·82 0·87, 3·84 0·16 1·89 0·67, 5·39 0·23 2·27 0·57, 7·19 0·27
Adjusted 2‡ 1·38 0·62, 3·14 0·43 1·74 0·51, 5·93 0·38 1·23 0·31, 4·86 0·76

Elevated cIMT**
No of cases/non-cases 77/227 38/107 39/120
Unadjusted 1·19 0·77, 1·85 0·43 1·19 0·66, 2·18 0·56 1·16 0·60, 2·25 0·66
Adjusted 1* 1·48 0·84, 1·10 0·18 1·59 0·71, 3·58 0·26 1·31 0·52, 3·29 0·57
Adjusted 2§ 1·58 0·85, 2·92 0·15 1·50 0·62, 3·64 0·37 1·27 0·44, 3·65 0·66

CI, confidence interval; UPF, ultra-processed food; hs-CRP, high-sensitivity C-reactive protein; cIMT, carotid intima-media thickness.
OR of a 10% increase in relative intake of ultra-processed in diet (% of total energy intake).
* Adjusted 1 is adjusted for age (years), sex, physical activity (score) and mother’s schooling.
† Adjusted 2 for central adiposity= adjusted for age, sex, mother’s schooling, physical activity (score), type of CHD, post-operative time (years) and family history for obesity.
‡ Adjusted 2 for elevated hs-CRP= adjusted for age, sex,mother’s schooling, physical activity (score), type of CHD, post-operative time (years) and family history for CVDand number
of hospitalisations due to infection, central obesity.

§ Adjusted 2 for elevated cIMT= adjusted for age, sex,mother’s schooling, physical activity (score), type of CHD, post-operative time (years) and family history for CVD and number of
hospitalisations due to infection, hs-CRP, central obesity.

|| |Central adiposity: n = 5 missing data.
¶ Elevated hs-CRP: n = 2 missing data.
** Elevated cIMT: n = 5 missing data.

Table 3. Associations between intake of UPF and children and adolescents with CHD clustered by high cardiovascular risk factors

All participants (n 232) Children (n 111) Adolescents (n 121)

Participants clustered by cardiovascular risk factors‡ OR 95% CI P-value OR 95% CI P-value OR 95% CI P-value

No of cases/non-cases 49/220 7/104 42/116
Unadjusted 1·72 1·05, 2·80 0·03 4·56 1·65, 12·52 0·003 2·02 1·03, 3·86 0·04
Adjusted 1* 3·43 1·63, 7·22 < 0·001 5·07 1·10, 23·40 0·04 5·03 1·62, 15·66 0·01
Adjusted 2† 3·77 1·80, 7·87 < 0·001 5·98 1·38, 25·83 0·02 5·18 1·71, 15·68 0·01

CI, confidence interval; UPF, ultra-processed food; CHD, congenital heart disease.
OR of a 10% increase in relative intake of ultra-processed in diet (% of total energy intake).
* Adjusted 1 is adjusted for age (years), sex, physical activity (score) and mother’s schooling.
† Adjusted 2 for clustering of cardiovascular risk factors= adjusted for age, mother’s schooling, physical activity (score), type of CHD, post-operative time (years) and family history for
CVD and number of hospitalisations due to infection.

‡ Participants clustered by cardiovascular risk factors: n= 12 missing data.
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stated that the nutritional quality of a food product depends on its
final composition and not merely on the intensity and complex-
ity of its processing level(45).

UPF intake was associated with central adiposity in the
present study, which is consistent with data from a cross-sec-
tional study involving healthy Brazilian children with a low
socio-economic status, which found that a 10 % increase in
UPF was associated with a 0·7-cm increase in WC(2). Likewise,
high UPF intake has been associated with obesity indicators in
children(7) and adolescents(38,46). A prospective birth cohort with
9025 British children found that high UPF intake was associated
with increased BMI, fat mass index and WC from 7 to 24 years of
age compared with lower UPF intake(47). A review found that
UPF were associated with increased fat mass in healthy children
and adolescents(6). Some points may explain this association, as
UPF are commonly easy to prepare or ready to eat, palatable,
have large portion sizes (encouraging higher intake) and have
a high energy density(48). Moreover, UPF intake was inversely
associated with satiety responsiveness(49). While the literature
offers no studies that evaluated UPF intake in patients with
CHD, a previous investigation with the same sample found that
intakes of added sugars and trans fatty acids was associated with
central obesity in children and adolescents with CHD(18) and
these nutrients are commonly found in large amounts in
UPF(4,5). Another point that could help explain the association
between UPF intake and central adiposity is overprotective
parenting of children and adolescents with CHD. Indeed, a
review described that overprotective parenting is associated
with obesity in patients with CHD(50). One form of overprotec-
tion is to satisfy children’s wishes (e.g., permit the consumption
of UPF), which may lead to the development of obesity. It is
noteworthy that the association between UPF intake and central
adipositywas only significant in adolescents in the present study,
whichmay be explained by the fact that adolescents are exposed
to risk factors for obesity for a longer period compared with
children.

As atherosclerotic CVD had a multifactorial aetiology(51), the
use of a clustering approach to investigate the co-occurrence
of several cardiovascular risk factors in children and
adolescents(52–54) is a promisingmethod for the early identification
of cardiovascular risk and the establishment of preventive mea-
sures considering a set of risk factors. Thus, an original aspect
of this study was the fact that the participants were clustered by
high cardiovascular risk factors considering WC, hs-CRP and
cIMT together. Although no previous study has evaluated UPF
intake with participants clustered by high cardiovascular risk fac-
tors, some studies found that UPF intakewas positively associated
with dyslipidaemia in children(8,55), glycaemia in overweight and
obese schoolchildren(56), metabolic syndrome in adolescents(57)

as well as mortality from CVD(10). Moreover, a meta-analysis that
reviewed prospective cohort studies onUPF intake and health sta-
tus in adults found that the highest UPF intakewas associatedwith
a 1·29-fold higher risk ratio of cardiovascular risk and a 1·34-fold
higher risk ratio of cerebrovascular disease(58). However, most
studies that describe the association between UPF intake and
cardiovascular risk were developed using FFQ, which were often

not developed to assess the level of food processing; moreover,
processing level classification errors could occur(45).

The prevention of acquired CVD should begin in
childhood(11). One modelling approach found that a reduction
in UPF intake could improve diet quality(59) and decrease cardio-
vascular mortality(60). Thus, the reduction in UPF intake in child-
hood could be a simple, effective strategy for the prevention of
early CVD in patients with CHD. The present findings under-
score the importance of guidelines for patients with CHD
patients with recommendations to reduce the intake of UPF
along with practical actions/strategies, such as interactive nutri-
tional education, a reminder by paediatric cardiologists regard-
ing the harmful effects of UPF and the involvement of families in
reducing UPF intake in children and adolescents with CHD.

The present study has some limitations that should be taken
into account. First, the generalisation of these results may be lim-
ited by clinical characteristics of the participants. Second, the
participants had varied post-operative times (different times of
exposure to cardiovascular risk factors), which may influence
the results. However, we were careful in using post-operative
time as a covariable in the regression analyses. Third, the intake
of unhealthy foods, such as UPF, may have been underreported,
especially in obese participants. Fourth, the lack of an assess-
ment of maturation stage could be a limitation, as hormones
can exert an effect on the outcomes of this study. To minimise
the lack of this data, we stratified the analyses according to
age group. Fifth, the inherent limitation of methods for evaluat-
ing dietary intake in children (information bias regarding food
intake reported by parents who do not follow their children’s
diet). However, we took all methodological care to minimise this
bias. Lastly, the cross-sectional design does not enable the deter-
mination of cause-and-effect relationships and we worked with
secondary data. Thus, the fact that the sample sizewas calculated
based on the aim of a previous study constitutes a limitation of
the present investigation.

This study also has strengths that should be noted. Repeated
24-hour dietary recalls using the multiple-pass method were
applied and adjusted for the intra- and inter-person variability
and energy intake to minimise the occurrence of bias in the
evaluation of dietary intake. We analysed participants clustered
by high cardiovascular risk factors (WC, hs-CRP and cIMT), pro-
viding a more comprehensive view of these factors. The classi-
fication of the ultra-processed groups was reviewed by two
researchers. Recipes that included UPF were included in the
analysis, which led to greater accuracy in the estimates of the
contribution of UPF to total energy from the diet.

In conclusion, children and adolescents with CHD had a high
UPF intake, especially ready-to-eat and take-away/fast foods,
sweetening products and sweet biscuits/breakfast cereals. Our
findings also show that UPF intake was associated with children
and adolescents with CHD clustered by high cardiovascular risk
factors. The present findings underscore the importance of
reducing UPF intake, which could contribute to preventing
obesity andminimising the occurrence of isolated and combined
cardiovascular risk factors in children and adolescents with
CHD. Reducing UPF intake could also lead to a reduction in
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the occurrence of early mortality from acquired CVD in
adulthood.
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19. Castro-Piñero J, Delgado-Alfonso A, Gracia-Marco L, et al.
(2017) Neck circumference and clustered cardiovascular risk
factors in children and adolescents: cross-sectional study.
BMJ open 7, e016048.

20. Conway JM, Ingwersen LA & Moshfegh AJ (2004) Accuracy of
dietary recall using the USDA five-step multiple-pass method in
men: an observational validation study. J Am Diet Assoc 104,
595–603.

21. Fisberg RMVBS (2002) Manual of recipes and homes measures
for calculating food surveys: Manual designed to assist in the
procedure of food surveys. São Paulo Signus. https://
repositorio.usp.br/item/001557478 (accessed December
2021).

22. NEPA (2011) Brazilian Table of Food Composition – TACO, 4th
ed. Campinas: NEPA- UNICAMP.

23. Brasil (2015) Brazilian Regional Foods. Ministry of Healthy,
Department of Health Care, Department of Primary Care,
2nd ed. Brasília: Ministry of Health. pp. 484.

24. Gadotti TN, Norde MM, Rogero MM, et al. (2018) Dairy con-
sumption and inflammatory profile: a cross-sectional popula-
tion-based study, Sao Paulo, Brazil. Nutrition 48, 1–5.

25. Miranda AM, Steluti J, Fisberg RM, et al. (2017) Association
between coffee consumption and its polyphenols with cardio-
vascular risk factors: a population-based study. Nutrients 9, 276.

26. Possa G, Castro MA, Sichieri R, et al. (2017) Dairy products con-
sumption in Brazil is associated with socioeconomic and dem-
ographic factors: results from theNational Dietary Survey 2008–
2009. Rev Nutr 30, 79–90.

27. Dodd KW, Guenther PM, Freedman LS, et al. (2006) Statistical
methods for estimating usual intake of nutrients and foods: a
review of the theory. J Am Diet Assoc 106, 1640–1650.

28. Willett WSM (1998) Implications of total energy intake for
epidemiologic analyses. In Nutritional Epidemiology, 2nd ed.
pp. 514 [WSM Willet, editor) New York: Oxford University
Press.

1170 M. Honicky et al.

https://doi.org/10.1017/S0007114522002240  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114522002240
https://repositorio.usp.br/item/001557478
https://repositorio.usp.br/item/001557478
https://doi.org/10.1017/S0007114522002240


29. Cardoso SM, Honicky M, Moreno YMF, et al. (2020) Subclinical
atherosclerosis in children and adolescents with congenital
heart disease. Cardiol Young 4, 631–638.

30. Han J, Kamber M & Pei J (2012) Cluster analysis: basic concepts
and methods. In Data Mining, 3rd ed. pp. 443–495 [J Han, M
Kamber & J Pei, editors). Boston: Morgan Kaufmann.

31. SharmaAK,Metzger DL, Daymont C, et al. (2015) LMS tables for
waist-circumference and waist-height ratio Z-scores in children
aged 5–19 years in NHANES III: association with cardio-meta-
bolic risks. Pediatr Res 78, 723–729.

32. Fernández JR, Redden DT, Pietrobelli A, et al. (2004) Waist cir-
cumference percentiles in nationally representative samples of
African-American, European-American, and Mexican-
American children and adolescents. J Pediatr 145, 439–444.

33. American Academy of Pediatric (2011) Expert panel on inte-
grated guidelines for cardiovascular health and risk reduction
in children and adolescents: summary report. Pediatrics 128,
S213–256.

34. Stein JH, Korcarz CE, Hurst RT, et al. (2008) Use of carotid ultra-
sound to identify subclinical vascular disease and evaluate
cardiovascular disease risk: a consensus statement from the
American Society of Echocardiography Carotid Intima-Media
Thickness Task Force. Endorsed by the society for vascular
medicine. J Am Soc Echocardiogr 21, 93–111.

35. Tremblay MS, LeBlanc AG, Kho ME, et al. (2011) Systematic
review of sedentary behaviour and health indicators in school-
aged children and youth. Int J Behav Nutr Phys Act 8, 98.

36. Crocker PR, Bailey DA, Faulkner RA, et al. (1997) Measuring
general levels of physical activity: preliminary evidence for
the physical activity questionnaire for older children. Med Sci
Sports Exerc 29, 1344–1349.

37. Multicentre Growth WHO (2007) Reference study group.
Development of a WHO growth reference for school-aged
children and adolescents. Bull World Health Org 85,
660–667.

38. Louzada ML, Baraldi LG, Steele EM, et al. (2015) Consumption
of ultra-processed foods and obesity in Brazilian adolescents
and adults. Prev Med 81, 9–15.

39. Vandevijvere S, De Ridder K, Fiolet T, et al. (2019)
Consumption of ultra-processed food products and diet quality
among children, adolescents and adults in Belgium. Eur J Nutr
58, 3267–3278.

40. da Costa Louzada ML, Martins AP, Canella DS, et al. (2015)
Ultra-processed foods and the nutritional dietary profile in
Brazil. Rev Saúde Pública 49, 38

41. Massin MM, Hovels-Gurich H & Seghaye MC (2007)
Atherosclerosis lifestyle risk factors in children with congenital
heart disease. Eur J Cardiovasc Prev Rehabil 14, 349–351.

42. CunhaDB, da Costa THM, da VeigaGV, et al. (2018) Ultra-proc-
essed food consumption and adiposity trajectories in a Brazilian
cohort of adolescents: ELANA study. Nutr Diabetes 8, 28.

43. Liberato SC & Pinheiro-Sant’Ana HM (2006) Fortification
of industrialized foods with vitamins. Rev Nutrição 19,
215–231.

44. Botelho AM, Milbratz de Camargo A, Medeiros KJ, et al. (2020)
Supermarket circulars promoting the sales of ‘Healthy’
foods: analysis based on degree of processing. Nutrients 12,
2877.

45. Castro-Barquero S & Estruch R (2022) Ultra-processed food
consumption and disease: the jury is still out. Eur Heart J 43,
225–227.

46. Mendonça RD, Pimenta AM,Gea A, et al. (2016) Ultraprocessed
food consumption and risk of overweight and obesity: the
University of Navarra Follow-Up (SUN) cohort study. Am J
Clinl Nutr 104, 1433–1440.

47. Chang K, Khandpur N, Neri D, et al. (2021) Association
between childhood consumption of ultraprocessed food and
adiposity trajectories in the avon longitudinal study of parents
and children birth cohort. JAMA Pediatr 175, e211573.

48. Monteiro CA, Moubarac JC, Cannon G, et al. (2013) Ultra-proc-
essed products are becoming dominant in the global food sys-
tem. Obes Rev 14, 21–28.

49. Vedovato GM, Vilela S, Severo M, et al. (2021) Ultra-processed
food consumption, appetitive traits and BMI in children: a pro-
spective study. Br J Nutr 125, 1427–1436.

50. Andonian C, Langer F, Beckmann J, et al. (2019) Overweight
and obesity: an emerging problem in patients with congenital
heart disease. Cardiovasc Diagn Ther 9, S360–S368.

51. Kelishadi R & Poursafa P (2014) A review on the genetic, envi-
ronmental, and lifestyle aspects of the early-life origins of
cardiovascular disease. Curr Probl Pediatr Adolesc Health
Care 44, 54–72.

52. Akinbodewa AA, Adejumo AO, Lamidi OA, et al. (2019)
Clustering of cardiometabolic risk factors among children
and adolescents in a rural community in Ondo, Southwest
Nigeria. J Trop Pediatr 66,366–376.

53. Patterson KAE, Ferrar K, Gall SL, et al. (2020) Cluster patterns of
behavioural risk factors among children: longitudinal associa-
tions with adult cardio-metabolic risk factors. Prev Med 130,
105861.

54. Uddin R, Lee EY, Khan SR, et al. (2020) Clustering of lifestyle
risk factors for non-communicable diseases in 304 779 adoles-
cents from 89 countries: a global perspective. Prev Med 131,
105955.

55. Leffa PS, Hoffman DJ, Rauber F, et al. (2020) Longitudinal asso-
ciations between ultra-processed foods and blood lipids in
childhood. Br J Nutr 124, 1–8.

56. Rinaldi AE, Gabriel GF, Moreto F, et al. (2016) Dietary factors
associated with metabolic syndrome and its components in
overweight and obese Brazilian schoolchildren: a cross-sec-
tional study. Diabetol Metab Syndr 8, 58.

57. Tavares LF, Fonseca SC, Garcia Rosa ML, et al. (2012)
Relationship between ultra-processed foods and metabolic
syndrome in adolescents from a Brazilian Family Doctor
Program. Public Health Nutr 15, 82–87.

58. Pagliai G, Dinu M, Madarena MP, et al. (2021) Consumption of
ultra-processed foods and health status: a systematic review
and meta-analysis. Br J Nutr 125, 308–318.

59. Verly E, Pereira ADS, Marques ES, et al. (2020) Reducing ultra-
processed foods and increasing diet quality in affordable and
culturally acceptable diets: a study case from Brazil using linear
programming. Br J Nutr 4, 1–10.

60. Moreira PV, Baraldi LG, Moubarac JC, et al. (2015) Comparing
different policy scenarios to reduce the consumption of ultra-
processed foods in UK: impact on cardiovascular disease mor-
tality using a modelling approach. PloS One 10, e0118353.

Ultra-processed foods and congenital heart disease 1171

https://doi.org/10.1017/S0007114522002240  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114522002240

	Ultra-processed food intake is associated with children and adolescents with congenital heart disease clustered by high cardiovascular risk factors
	Methods
	Study design and population
	Dietary intake
	Classification of ultra-processed food
	Outcomes
	Covariates
	Statistical analysis

	Results
	Participant's characteristics
	Ultra-processed food intake
	Association between ultra-processed food and cardiovascular risk factors
	Association between ultra-processed food intake and children/adolescents with congenital heart disease clustered by high cardiovascular risk factors

	Discussion
	Acknowledgements
	Supplementary material
	References


