
Zancheta et al. BMC Medicine          (2024) 22:340  
https://doi.org/10.1186/s12916-024-03556-z

RESEARCH ARTICLE Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if 
you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or 
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

BMC Medicine

The consumption of ultra‑processed foods 
was associated with adiposity, but not with 
metabolic indicators in a prospective cohort 
study of Chilean preschool children
Camila Zancheta1,2, Natalia Rebolledo2, Lindsey Smith Taillie3, Marcela Reyes2 and Camila Corvalán2* 

Abstract 

Background  Increasing consumption of ultra-processed foods (UPF) has been identified as a risk factor for obesity 
and various diseases, primarily in adults. Nonetheless, research in children is limited, especially regarding longitudinal 
studies with metabolic outcomes. We aimed to evaluate the longitudinal association between consumption of UPF, 
adiposity, and metabolic indicators in Chilean preschool children.

Methods  We conducted a prospective analysis of 962 children enrolled in the Food and Environment Chilean Cohort 
(FECHIC). Dietary data were collected in 2016 at age 4 years with 24-h recalls. All reported foods and beverages were 
classified according to the NOVA food classification, and the usual consumption of UPF in calories and grams was esti-
mated using the Multiple Source Method. Adiposity (z-score of body mass index [BMI z-score], waist circumference 
[WC], and fat mass [in kg and percentage]) and metabolic indicators (fasting glucose, insulin, HOMA-IR, triglycerides, 
total cholesterol, and cholesterol fractions) were measured in 2018, at the age of 6 years. Linear regression models 
((0) crude, (1) adjusted for covariables, and (2) adjusted for covariables plus total caloric intake) were used to evaluate 
the association between UPF and outcomes. All models included inverse probability weights to account for the loss 
to the follow-up.

Results  At 4 years, usual consumption of UPF represented 48% of the total calories and 39% of the total food 
and beverages grams. In models adjusted for covariables plus caloric intake, we found a positive association 
between UPF and BMI z-score (for 100 kcal and 100 g, respectively: b = 0.24 [95%CI 0.16–0.33]; b = 0.21 [95%CI 0.10–
0.31]), WC in cm (b = 0.89 [95%CI 0.41–1.37]; b = 0.86 [95%CI 0.32–1.40]), log-fat mass in kg b = 0.06 [95%CI 0.03–0.09]; 
b = 0.04 [95%CI 0.01–0.07]), and log-percentage fat mass (b = 0.03 [95%CI 0.01–0.04]; b = 0.02 [95%CI 0.003–0.04]), 
but no association with metabolic indicators.

Conclusions  In this sample of Chilean preschoolers, we observed that higher consumption of UPF was associated 
with adiposity indicators 2 years later, but not with metabolic outcomes. Longer follow-up might help clarify the natu-
ral history of UPF consumption and metabolic risks in children.
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Background
Childhood obesity has become an escalating health con-
cern worldwide. According to the 2019 projections by 
the World Obesity Federation, it is anticipated that by 
2025, approximately 206 million children and adolescents 
aged 5–19 years will be affected by obesity, mainly due 
to increasing rates in emerging countries [1]. In Latin 
America, 7% of children under 5 years of age and 20–25% 
of children and adolescents up to 19 years are estimated 
to living with overweight or obesity [2]. In Chile, data 
from a survey including students in the public education 
system in 2019 revealed that 26.5 and 24.9% of preschool 
children (kinder) presented overweight and obesity, 
respectively [3]. Childhood obesity tends to persist over 
time and is associated with metabolic disturbances, 
which increasingly manifest at younger ages [4]. Several 
determinants are associated with childhood obesity, with 
changes in eating patterns being described as one of the 
main ones.

During the last decades, the food system has changed 
in different countries, and traditional diets have been 
increasingly replaced by ultra-processed foods (UPF) 
[5]. UPF are industrial formulations made mainly of sub-
stances extracted or derived from foods (e.g., sugar and 
fats), with little or no whole food in their composition 
and which typically contain added additives such as fla-
vorings, colorings, and other additives used to modify 
the sensory attributes of the final product [6]. Children 
and adolescents have been described as the primary con-
sumers of UPF in national surveys from Australia [7], 
Canada [8], the USA [9], Mexico [10], and Chile [11]. In 
developed countries such as the UK and the USA, UPF 
represents more than 60% of the calories consumed in 
children’s and adolescents’ diets [12, 13]. In some Latin 
American countries such as Chile and Mexico, it is more 
than one-third of the total calories consumed by children 
1–19 years old [10, 11]. Non-representative studies in 
Brazil and Chile have reported that more than 40% of the 
total caloric intake comes from UPF in preschoolers at 4 
years old [14, 15].

Nationally representative data from food purchases and 
consumption from different countries showed that high 
amounts of UPF in diets are related to higher amounts of 
sugar and sodium, high energy density, and lower quan-
tities of protein, micronutrients, and fiber [5, 16–20]. In 
adults, systematic reviews and meta-analyses indicated a 
direct association between UPF consumption and over-
weight, obesity, metabolic syndrome, diabetes, and all-
cause mortality [21–24]. However, evidence regarding 
health impacts in children is still scarce and inconsistent 
[25]. A recent systematic review of the effects of UPF, 
as defined by NOVA, on obesity and cardiometabolic 
comorbidities in children and adolescents showed that 

higher consumption of UPF was associated with greater 
adiposity in most studies. In the case of metabolic indi-
cators, studies available are only a few and mostly from 
Brazil. Moreover, results have shown conflicting results 
[25]. For instance, prospective studies with children 
aged between 3 and 6 years found a direct relationship 
between the  consumption  of UPF and total cholesterol 
[26, 27], LDL cholesterol [26], and triglycerides [27], but 
not with the glycemic profile [14].

Given the extent of the public health burden related to 
poor nutrition in children and the exponential increase 
in the consumption of UPF, a better understanding of 
the effects of UPF on indicators of metabolic risk in chil-
dren is crucial. To our knowledge, no previous study on 
this topic has been conducted in Chile, so we aimed to 
prospectively evaluate the association between the con-
sumption of ultra-processed foods, adiposity, and meta-
bolic indicators in a sample of low-to-middle-income 
Chilean preschool children after 2 years of follow-up.

Methods
Study design and subjects
We used data from the Food and Environment Chil-
ean Cohort (FECHIC), a cohort of 962 Chilean low-to-
middle-income preschoolers from Southeast Santiago, 
Chile, started in 2016. Mothers were recruited in public 
schools to participate in the study with their 4- to 6-year-
old children. Details on the recruitment and inclusion 
criteria are available elsewhere [28]. Briefly, the inclusion 
criteria were mothers as the primary caregivers for food 
purchases and childcare, absence of mental illness in the 
mother and child, and of other diseases with an impact 
on food consumption and child development, besides 
children of non-twin gestation, born at term and with 
normal birth weight. The present study included children 
with dietary data at baseline (year 2016, average age: 4.9 
years) and anthropometric, body composition, or meta-
bolic indicators measured after 2 years (year 2018, aver-
age age: 6.1 years).

Dietary intake
At baseline, trained dietitians collected 24-h dietary 
recalls (24HR) following the United States Department 
of Agriculture (USDA) Automated Multiple-Pass method 
[29]. They used a photographic atlas to help estimate por-
tion sizes accurately [30], and recorded data on portion 
size, type of preparation, type of food, and product brand 
and flavor in the case of packaged foods, as well as the 
source of the food and eating location. This information 
was entered into SER-24, a software developed by the 
Center for Research in Food Environment and Preven-
tion of Obesity and Non-Communicable Diseases (CIA-
PEC), INTA, that includes over 6000 foods and beverages 
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and 1400 standard recipes of traditional Chilean dishes 
and estimates nutrient intake using the Food Composi-
tion Table of the USDA [28, 31]. The mother was the 
primary respondent and reported 1 day of their child’s 
food consumption in a face-to-face interview. Children 
were present during the interview and complemented the 
information for the eating occasions when the respond-
ent was absent (e.g., school time). In the case of receiving 
meals from the School Feeding Program, these prepara-
tions were also recorded to link them to the recipes and 
nutrient contents of the food providers. A second dietary 
recall was collected within 30 days in a random subsam-
ple of 20.1% of participants.

Food consumption according to the NOVA food 
classification system
Briefly, the NOVA classification considers the extent and 
purpose of industrial processing and classifies all foods 
and beverages into four groups: group 1—natural or min-
imally processed foods (MPF); group 2—processed culi-
nary ingredients (PCI); group 3—processed foods (PF); 
and group 4—ultra-processed foods (UPF). Examples 
of UPF include industrialized sodas, toddler milk, con-
fectionaries, chocolates, ice cream, hamburgers, recon-
stituted meat products, pizzas and other frozen dishes, 
instant soups, and packaged bakery products, among 
others [6]. We identified UPF based on food descrip-
tions,  food categories and type of food, whether  pack-
aged or unpackaged, brand, and flavor, when available. 
Simple preparations included in the software SER-24 
(e.g., cooked rice) were classified based on their main 
component. Other homemade recipes were disaggre-
gated into their components, and each of them was indi-
vidually classified. Food classification was carried out 
by a postgraduate dietitian at CIAPEC and reviewed by 
a second dietitian. Disagreements (0.4%) were discussed 
and resolved by consensus. To verify the interrater agree-
ment, a third dietitian independently classified a ran-
dom subset of 5% of SER-24 records (n = 306). We found 
an agreement of 97.4% and a kappa coefficient of 0.95, 
indicating almost perfect agreement between the raters. 
More details about the methodology applied were pub-
lished elsewhere [32].

We calculated the consumption of UPF in calories and 
in grams for each participant. Most published studies 
used the caloric share of UPF; however, presenting UPF 
grams allowed us to consider the consumption of low or 
non-calorie UPF, such as artificially sweetened beverages 
commonly consumed by Chilean children at this age [33].

Exclusion of outliers in dietary data
We identified outliers using two techniques: comparing 
the total calories consumed and the energy requirements 
of each participant and considering the extremes in the 
distribution of UPF (both in calories and grams).

We estimated the energy requirements with the Die-
tary Reference Intake (DRI) equation according to age 
and sex [34], using sedentary and very active levels of 
physical activity to calculate the lower and the higher 
cutoff points, respectively [35]. We used the subsample 
with two dietary recalls to calculate the standard devia-
tion (SD) for the ratio (in %) between reported energy 
intake (rEI) and predicted energy requirement (pER), 
using the formula provided by Huang [36]. The formula 
considers the pooled coefficient of variation (CV) of the 
rEI (CVrEI = 32.6%, calculated for our sample [37]), the 
number of days of dietary assessment (d = 2), the CV 
of the pER (CVpER = 12.1%, calculated with the mean 
and SD for the total energy of 3- to 18-year-old boys 
and girls described in the DRI [34]), and the coefficient 
of variation in the measured total energy expenditure 
(CVmTEE = 8.2%, obtained from literature [36, 37]). The 
value of SD for our sample was 27.3%, and we defined 
implausible diets as those in which reported energy was 
from <  − 3 or + 3 SD away from predicted energy require-
ments (i.e., < 18.1% or > 181.9% of the pER).

Additionally, diets under the 1st and above the 99th 
percentile of UPF consumption in calories and grams 
were excluded (UPF consumption < 42 kcal or > 1478.5 
kcal and < 27 g or > 1554.5 g).

Of the 1154 records collected at the beginning of the 
study, 15 were considered implausible, and 30 were con-
sidered extreme UPF consumption. Then, the estimates 
of usual consumption included 743 children with a 
unique and 183 with two measures of 24HR.

Usual consumption of UPF
We estimated the usual consumption of UPF using the 
Multiple Source Method (MSM). This method assumes 
that the 24HR is not biased for the usual consump-
tion and models the probability of consumption—with 
logistic regression—and the amount consumed in a day 
of consumption—with linear regression—allowing the 
incorporation of covariates and is based on the premise 
that habitual consumption is equal to the probability of 
consumption times the usual amount consumed. Usual 
consumption can be estimated for dietary components 
that have frequent or daily consumption (e.g., nutrients), 
but also for those that have episodic consumption (e.g., 
food categories), as long as at least two measurements 
for a part of participants are available [38]. A minimum 
of 50 individuals with at least two 24HR is required to 
apply statistical methods to account for within- and 
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between-person variation and estimate the usual con-
sumption  for food groups consumed almost every day 
[39].

The MSM was applied using free access online soft-
ware developed by the Department of Epidemiology of 
the German Institute of Human Nutrition Potsdam-
Rehbrücke, available at https://​nugo.​dife.​de/​msm/. 
Covariables included for the  estimates were sex, age, 
baseline body mass index (BMI) z-score for sex and age, 
and maternal variables (age, BMI, work outside the home, 
and education level).

Outcomes
All outcomes were measured after approximately 2 years 
of follow-up when the children were, on average, 6.1 
years old.

Anthropometric indicators
We used data collected by trained dietitians following 
standard procedures. Height was measured using a port-
able stadiometer (Seca 217, to the nearest 0.1 cm), and 
weight was measured using a digital electronic scale 
(Seca 803 or 813, precision of 0.1 kg). Weight and height 
were taken in duplicate, and we used their average to cal-
culate BMI. We compared the BMI of each child with the 
World Health Organization (WHO) growth references 
specific for age and sex [40] to obtain their z-score value 
(BMI z-score). Waist circumference (WC) was measured 
with a metal tape (Lufkin W 606 PM, USA, precision 0.1 
cm) and taken in duplicate. A third measurement was 
required if the difference between both measurements 
was greater than 0.5 cm. We calculated the average WC 
for each child in cm.

Body composition
Body composition was estimated using the bioelectrical 
impedance (BIA) method using Tanita BC-418 (Tanita 
Corp.) and following the manufacturer’s recommenda-
tions. The child’s age, sex, and height were entered man-
ually. Children stood barefoot on the appliance while 
holding the handles for approximately 30 s. We used pre-
dicted values of fat mass (kg) and percentage of fat mass 
calculated by the device using impedance, weight, height, 
and age with standard calibrated equations based on data 
from dual-energy X-ray absorptiometry [41].

Metabolic indicators
A nursing team collected the blood samples from the 
children after 8 to 12 h of fasting. We used the serum 
triglycerides, total cholesterol, high-density cholesterol 
(HDL-c), and low-density cholesterol (LDL-c) levels as 
lipid profile variables. For the glycemic profile, we used 
fasting glucose, insulin, and the HOMA-IR (acronym in 

English for homeostatic model to assess insulin resist-
ance). Triglycerides, total cholesterol, and HDL-c were 
measured using enzymatic colorimetric assays. LDL-c 
was calculated using the Friedewald formula [42]. All 
lipid profile markers were expressed in mg/dl. Glycemia 
was measured by the enzymatic colorimetric method and 
expressed in mg/dL, and insulin by electrochemilumi-
nescent immunoassay and expressed in μU/ml. HOMA-
IR was calculated as insulin (μU/ml) × glucose (mmol/l) 
/22.5. All metabolic outcomes were considered continu-
ous variables in the analysis.

Covariables in the association models
Directed acyclic graphs (DAGs) were used to represent 
the structures of the causal networks that link exposure 
(consumption of UPF) and the outcomes of interest (adi-
posity and metabolic profile) and support the identifica-
tion of confounding variables in the associations studied 
[43]. Given that we have two primary groups of outcomes 
(adiposity and metabolic indicators), we constructed two 
separate DAGs using the online application DAGitty 
(Fig. 1) [44].

Considering the DAGs, to estimate the total effect of 
the consumption of ultra-processed foods at 4 years on 
adiposity and metabolic responses at 6 years of age, the 
minimally sufficient adjustment set of variables included 
socioeconomic status (SES), maternal BMI and age, sex, 
age, and children’s television time (displayed in white in 
Fig. 1).

To approximate SES, we considered in the models 
mother’s educational level, categorized as “low” (less than 
high school), “medium” (at least high school), or “high” 
(more than high school), and whether they worked out-
side the home (“yes” or “no”), considering that in Chile 
the unemployment rate is higher in poor than in non-
poor [45] and women with higher educational levels 
more often work outside the home [46]. We also included 
other maternal variables such as maternal age (self-
reported) and BMI (calculated using maternal weight and 
height measurements collected by trained dietitians).

Among the variables for the children, we considered 
sex (male or female), age (in months), and television time. 
To estimate the total hours children spent watching tele-
vision on weekdays, we summed the time spent watching 
TV before and after school and in the evening based on 
information provided by the mothers.

Full completeness was obtained for all covariates except 
maternal BMI, for which data for 4.2% of the total sam-
ple were missing. All covariables included in the models 
were measured at baseline.

https://nugo.dife.de/msm/
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Fig. 1  Conceptual framework for the relationship between UPF consumption at 4 years and adiposity (A) and metabolic indicators (B) at 6 
years. Notes: UPF – ultra-processed foods, SES – socioeconomic status, BMI – body mass index, (i) – initial values at 4 years, (p) – other values 
during the study period, (f ) – final values at 6 years
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Statistical analysis
Descriptive analyses were presented using mean and SD 
for quantitative variables and absolute and relative fre-
quency for qualitative variables.

All participants whose dietary reports did not ful-
fill the above exclusion criteria and who provided data 
for at least one or more health outcomes were included 
in the association models. The proportion of loss to fol-
low-up was 23.7% for anthropometric indicators, 33.5% 
for body composition, and 39.9% for metabolic indica-
tors. We compared the characteristics of participants 
included and lost in the analysis by presenting the per-
centual difference between them and applying a T-test 
for quantitative and chi-square for qualitative variables, 
and differential loss related to maternal educational level 
was identified. Given the loss to follow-up and to address 
the potential selection bias, we incorporated the stabi-
lized inverse probability of censuring weights (SW) in all 
models. This method creates a pseudo-population with 
characteristics comparable to the initial population to 
simulate random censuring of covariates of interest [47]. 
We calculated different SW for anthropometric, body 
composition, and metabolic indicators since the number 
of participants in each analysis differed. The calculation 
of SW uses as a numerator the probability of censuring 
(i.e., proportion of participants lost in the follow-up) and 
as a denominator the probability of censuring based on 
the covariables included in the model [47, 48]. The prob-
ability of censorship was obtained with logistic regression 
with loss of follow-up as the response variable (yes or no), 
and the covariates included were sex, age, and initial BMI 
z-score of the child, and maternal age, BMI, work outside 
the home, and educational level of the mother. Using SW 
results in the same estimate as unstabilized inverse prob-
ability weights, but typically in narrower 95% confidence 
intervals and increased statistical efficiency [47, 48]. SW 
were included in all regression analysis using the option 
pweight.

We used linear regression models to investigate the 
associations between the consumption of UPF at 4 years 
(in 100 cal and grams), adiposity, and metabolic indica-
tors at 6 years. We reported regression coefficients and 
95% confidence intervals (95% CI) for crude and adjusted 
models.

The model 1 was adjusted for covariables presented in 
the DAG: socioeconomic status (represented by maternal 
education and work outside the home), maternal BMI 
and age, and sex, age, and television time of children. 
The model 2 was adjusted for the same covariables plus 
caloric intake. The coefficient is then interpreted as the 
effect of substituting 1 unit of UPF with 1 unit of non-
UPF, maintaining a constant caloric intake [49, 50].

Given the low prevalence of missing data in the covari-
ates (less than 5% and in only one variable), we assumed 
that missing data were completely at random and per-
formed regressions with complete case analysis [51]. The 
goodness-of-fit of the models was evaluated via graphical 
analysis of the residuals and inflation factors of variance. 
The distribution of residues was not random for insulin, 
HOMA-IR, triglycerides, fat mass, and fat mass percent-
age, so the final models included the log-transformed 
version of these variables. As sensibility analysis, we con-
sidered models without SW and models with quartiles 
of UPF as the exposure variable. All analyses were con-
ducted using Stata v18.0 (College Station, TX).

Results
The baseline characteristics of all FECHIC children and 
sub-samples with anthropometric, body composition, 
and metabolic indicators are presented in Table  1. The 
characteristics of the children included in each evalu-
ation were similar to those of the reference cohort. At 
the start of the FECHIC cohort study, the children had 
an average age of 4.9 ± 0.5 years old, were comparable 
by sex (51.9% girls), and had a mean BMI z-score of 1. 
The mothers were 31.4 ± 6.7 years old, and most had a 
medium education level (55.1%). Children lost in the 
follow-up presented differences primarily related to their 
mothers’ educational level; more children from mothers 
of low education level were lost for anthropometric indi-
cators (p = 0.003) and body composition (p < 0.001), and 
more children from mothers of high education level were 
lost for metabolic outcomes (p < 0.001).

Estimated usual consumption of UPF
Table 2 shows the estimated usual consumption of each 
NOVA food group at baseline (4 years of age). Children 
consumed approximately 48% of their diet by calories 
from UPF and 39% of their diet by grams from UPF. 
Among the NOVA groups, UPF contributed the highest 
percentage of children’s calories, while MPF contributed 
the highest percentage of grams to children’s diet (57.0%).

Adiposity and metabolic outcomes
A description of the outcomes included in the study is 
available in Table 3. After 2 years of follow-up, the mean 
BMI z-score was 1.1 ± 1.3, and the mean fat mass per-
centage was 24.2 ± 5.3%. The mean fasting blood glucose 
was 81.8 mg/dL.

Associations between consumption of UPF and adiposity 
and metabolic indicators
Tables 4 and 5 present the associations between the usual 
consumption of UPF at 4 years and adiposity and meta-
bolic indicators at 6 years, considering the three types 
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of models (crude, adjusted for covariables, adjusted for 
covariables plus total caloric intake). We did not find 
an association between UPF and adiposity in crude and 
covariable adjustment models. However, when UPF 
was adjusted for covariables plus total caloric intake, 
we observed a positive association of small magnitude 
with BMI z-score (respectively for 100 kcal and 100 g of 
UPF: b = 0.24 [95% CI 0.16–0.33]; b = 0.21 [95% CI 0.10–
0.31]), WC (b = 0.89 [95% CI 0.41–1.37]; b = 0.86 [95% CI 
0.32–1.40]), log-fat mass (b = 0.06 [95% CI 0.03–0.09]; 
b = 0.04 [95% CI 0.01–0.07]), and log-percentage fat mass 
(b = 0.03 [95% CI 0.01–0.04]; b = 0.02 [95% CI 0.003–
0.04]). For metabolic outcomes, the coefficients of UPF 
and their 95% CI for both 100 cal and 100 g were close to 
null values for all models.

Sensitivity analysis
The results obtained in models without SW (Additional 
file 1: Tables S1 and S2) and in models with the consump-
tion of UPF in quartiles (Additional file 1: Tables S3 and 
S4) were consistent with those obtained in main analysis.

Discussion
In this study, we found a high consumption  of UPF in 
terms of calories and grams in a sample of low- and mid-
dle-income preschoolers from Santiago, Chile. We also 
found a positive association between the consumption 
of UPF at the age of 4 years and several markers of adi-
posity measured at 6 years old. However, we did not find 
an association between UPF consumption and metabolic 
indicators after 2 years of follow-up.

We remark that we found associations only in models 
that included a total caloric intake adjustment. In nutri-
tional epidemiology, an energy adjustment is used to 
study the consumption of nutrients or foods in terms of 
total energy. The underlying reason is that interventions 
at the individual or population level usually aim to mod-
ify the consumption of certain nutrients or foods, with 
changes in the composition of the diet, but not in the 
overall amount of food consumed. The energy adjustment 
also controls for the confounding  effect resulting from 
the association between  total energy intake with  physi-
cal activity, differences in body size, and metabolic effi-
ciency [49, 50]. On this basis, we consider the estimates 
that include the energy adjustment as the more reliable in 
our study. Analysis that takes into account the total calo-
ries by using the caloric share of UPF is the most preva-
lent in studies focused on investigating UPF and health 
outcomes [52]. The fact our results showed associations 
between UPF and adiposity markers only when adjust-
ing for total calories provides further support to suggest 
that the relative contribution of UPF in the diet is more 
important than their absolute amount, and the health 

Table 2  Estimated usual dietary consumption at 4 y according to NOVA food system classification (n = 893). FECHIC, 2016

Notes: MPF Minimally processed foods, PCI Processed culinary ingredients, PF Processed foods, UPF Ultra-processed foods, SD Standard deviation, Min Minimal value, 
Max Maximal value
a The usual consumption was estimated using the MSM for each food group and total diet; then, the sum of calories and grams for food groups is close but not 
identical to the estimated values for total calories and total grams of diet

NOVA Consumption in calories Consumption in grams

Mean (SD) Min–Max % Mean (SD) Min–Max %

Group 1. MPF 424.5 (122.9) 126.9–941.2 34.9 791.4 (250.1) 269.5–2002.7 57.0

Group 2. PCI 103.4 (24.8) 55.0–207.0 8.5 14.5 (4.0) 7.4–30.6 1.0

Group 3. PF 169.0 (43.6) 74.3–351.8 13.9 65.1 (21.5) 23.0–142.6 4.7

Group 4. UPF 577.2 (133.2) 263.3–972.6 47.5 539.0 (109.4) 261.3–933.9 38.8

Total 1214.5 (66.9) 1008.3–1407.4 100.0a 1397.5 (159.1) 950.6–2040.3 100.0a

Table 3  Description of anthropometric, body composition, and 
metabolic indicators at 6 years. FECHIC, 2018

Notes: BMI Body mass index, WC waIst circumference, HOMA-IR Homeostasis 
model assessment of insulin resistance, LDL Low-density lipoprotein, HDL High-
density lipoprotein

Outcomes Mean SD

Anthropometric indicators (n = 734)
  BMI z-score 1.1 1.3

  WC, cm 59.5 5.3

Body composition (n = 690)
  Fat mass, kg 6.4 2.8

  Fat mass, % 24.2 5.3

Metabolic indicators (n = 578)
  Blood glucose, mg/dl 81.1 8.1

  Insulinemia, μU/ml 7.5 3.5

  HOMA-IR 1.5 0.7

  Total cholesterol, mg/dl 164.3 26.0

  HDL cholesterol, mg/dl 46.4 10.8

  LDL cholesterol, mg/dl 99.4 21.5

  Triglycerides, mg/dl 92.6 37.6
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effects observed are a consequence of a displacement of 
traditional dietary patterns [53].

In the present study, we found that almost half of the 
calories of preschool children were derived from UPF, 
in line with the findings of previous studies with similar 
populations [14, 15]. We also found that consumption 
of UPF during preschool years was positively associated 
with increases in BMI z-score and WC after 2 years of fol-
low-up. Similarly, a study with 307 children of low socio-
economic status from Brazil found that the consumption 
of UPF in 4 year-old children predicted a higher increase 
in WC at 8 years old [14]. On the other hand, our find-
ings do not align with the results of a previous study 
conducted on 7-year-old children from Portugal. In Por-
tuguese children, there was no association between UPF 
and BMI z-score and WC z-score after 3 years of follow-
up [54]. One potential explanation for the discrepancy in 
results is the difference in the amount of UPF consumed 
between both populations. Chilean children consumed 
more UPF than did Portuguese children. The percent-
age of grams and calories from UPF in the diet of Chilean 
children was 39 and 48%, while in Portuguese children, 
UPF represented 25 and 31% of the total grams and calo-
ries consumed, respectively. Another potential expla-
nation is the age difference of the participants between 

studies. Our study followed children from 4 to 6 years, 
when they were starting the adipose rebound [55], while 
the study from Portugal followed children between 7 and 
10 years old. Age and duration of follow-up could be a 
relevant factor. For example, a prior study from the Avon 
Longitudinal Study of Parents and Children that assessed 
longitudinal associations between UPF and adiposity tra-
jectories from 7 to 24 years old showed that differences 
in BMI and fat mass by UPF consumption become more 
accentuated starting adolescence, another critical period 
for development [56].

Regarding metabolic indicators, we did not find an 
association with any included indicator. A recent review 
assessing the effect of UPF on metabolic syndrome 
components in children and adolescents based on nine 
cohort studies found mixed results. Some longitudinal 
studies have  reported a positive association between 
UPF and blood lipids, but not with blood glucose; it is 
important to highlight that only a few prospective stud-
ies on metabolic outcomes in children are available in the 
literature to date [57]. Our results suggest that adiposity 
indicators could be altered before we observe metabolic 
marker alterations. However, metabolic alterations asso-
ciated with adiposity during childhood are an increas-
ingly common problem. A study with more than 26,000 

Table 4  Associations between the consumption of ultra-processed foods (in calories and grams) at 4 years, anthropometric indicators 
(n = 762), and body composition at 6 years (n = 690). FECHIC, 2018

Notes: UPF Ultra-processed foods, BMI Body mass index, WC Waist circumference. Stabilized inverse probability weights were included in all models. Model 1: adjusted 
for children´s sex, age, and screen time, and mothers’ BMI, age, educational level, and work outside home status. Model 2: adjusted for all covariates from model 1 plus 
usual total caloric intake

Adiposity outcomes Per 100 cal of UPF Per 100 g of UPF

β 95% CI β 95% CI

Anthropometric indicators
  BMI z-score
    Model 0 – Crude  − 0.02  − 0.09 0.05 0.07  − 0.03 0.16

    Model 1 – Covariables  − 0.01  − 0.09 0.06 0.03  − 0.07 0.12

    Model 2 – Covariables + caloric intake 0.24 0.16 0.33 0.21 0.10 0.31

  WC, cm
    Model 0 – Crude  − 0.43  − 0.84  − 0.03  − 0.03  − 0.54 0.48

    Model 1 – Covariables  − 0.35  − 0.75 0.06  − 0.08  − 0.59 0.43

    Model 2 – Covariables + caloric intake 0.89 0.41 1.37 0.86 0.32 1.40

Body composition
  Fat mass (log −), kg
    Model 0 – Crude  − 0.02  − 0.04 0.01  − 0.02  − 0.05 0.01

    Model 1 – Covariables  − 0.01  − 0.03 0.01  − 0.01  − 0.03 0.02

    Model 2 – Covariables + caloric intake 0.06 0.03 0.09 0.04 0.01 0.07

  Fat mass (log −), %
    Model 0 – Crude  − 0.01  − 0.03  − 0.001  − 0.02  − 0.03  − 0.0005

    Model 1 – Covariables  − 0.01  − 0.03 0.01  − 0.005  − 0.02 0.01

    Model 2 – Covariables + caloric intake 0.03 0.01 0.04 0.02 0.003 0.04
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children with obesity (average: 12.6 ± 2.9 years) from 
European countries found metabolic alterations in more 
than half of the participants, the most prevalent being 
high blood pressure (34%), dyslipidemias (32%), and less 
common alterations in glucose metabolism (3.3%) [58]. 
Similar results were also described in Mexico [59]. The 
results of these studies could indicate that alterations in 
blood pressure and lipid metabolism occur early in chil-
dren with obesity. It is proposed that, with respect to glu-
cose parameters, alterations may occur in the late stage 
of the development of metabolic alterations [60, 61]. 
There is also evidence of the role of diet in metabolic risk 
from an early age. In a population-based cohort analyz-
ing diet trajectories from ages 2–3 to 11–12 years, indi-
viduals who consistently adhered to an “unhealthy” diet 

trajectory showed compromised cardiovascular function 
and poorer metabolic health when compared to children 
consistently following a “healthy” diet, again suggesting 
that adolescence would be a critical period for observing 
the emergence of metabolic traits [62].

Various UPF characteristics have been examined to 
explain their detrimental impact on health. The most 
explored explanation revolves around the inadequate 
nutritional profile of UPF, characterized by a higher 
density of added sugars and saturated fats, and a lower 
density of vitamins and minerals compared to non-ultra-
processed foods [16]. However, the nutritional imbalance 
in UPF seems incapable of fully explaining the observed 
effects. Findings from different studies have shown that 
the association between consumption of UPF and health 

Table 5  Association between the consumption of ultra-processed foods (in calories and grams) at 4 years and metabolic indicators at 
6 years (n = 628). FECHIC, 2018

Notes: HOMA-IR Homeostasis model assessment of insulin resistance, LDL Low-density lipoprotein, HDL High-density lipoprotein. Stabilized inverse probability 
weights were included in all models. Model 1: adjusted for children´s sex, age, and screen time, and mothers’ BMI, age, educational level, and work out of home status. 
Model 2: adjusted for all covariates from model 1 plus usual total caloric intake

Metabolic indicators Per 100 cal of UPF Per 100 g of UPF

β 95% CI β 95% CI

Blood glucose, mg/dl
  Model 0 – Crude  − 0.30  − 0.83 0.22 0.25  − 0.37 0.87

  Model 1 – Covariables  − 0.34  − 0.86 0.17 0.08 -0.57 0.72

  Model 2 – Covariables + caloric intake  − 0.28  − 0.91 0.35 0.27  − 0.43 0.97

Insulinemia (log −), μU/ml
  Model 0 – Crude  − 0.02  − 0.04 0.01 0.02  − 0.01 0.06

  Model 1 – Covariables  − 0.02  − 0.05 0.01  − 0.01  − 0.04 0.03

  Model 2 – Covariables + caloric intake 0.01  − 0.02 0.05 0.02  − 0.01 0.06

HOMA-IR (log −)
  Model 0 – Crude  − 0.02  − 0.05 0.004  − 0.01  − 0.04 0.02

  Model 1 – Covariables  − 0.02  − 0.05 0.005  − 0.004  − 0.04 0.03

  Model 2 – Covariables + caloric intake 0.01  − 0.02 0.05 0.03  − 0.01 0.06

Total cholesterol, mg/dl
  Model 0 – Crude  − 0.25  − 1.88 1.37  − 0.10  − 2.13 1.93

  Model 1 – Covariables  − 0.23  − 1.88 1.43 0.04  − 2.06 2.15

  Model 2 – Covariables + caloric intake 0.22  − 1.90 2.35 0.44  − 1.89 2.76

LDL cholesterol, mg/dl
  Model 0 – Crude 0.62  − 0.04 1.27 0.70  − 0.12 1.53

  Model 1 – Covariables 0.52  − 0.16 1.20 0.65  − 0.25 1.55

  Model 2 – Covariables + caloric intake 0.10  − 0.80 1.01 0.31  − 0.70 1.33

HDL cholesterol, mg/dl
  Model 0 – Crude  − 0.48  − 1.79 0.83  − 0.46  − 2.10 1.18

  Model 1 – Covariables  − 0.41  − 1.75 0.93  − 0.57  − 2.31 1.17

  Model 2 – Covariables + caloric intake 0.18  − 1.51 1.87  − 0.15  − 2.03 1.74

Triglycerides (log −), mg/dl
  Model 0 – Crude  − 0.01  − 0.04 0.01  − 0.01  − 0.04 0.02

  Model 1 – Covariables  − 0.01  − 0.03 0.01 0.001  − 0.03 0.03

  Model 2 – Covariables + caloric intake 0.002  − 0.03 0.03 0.02  − 0.01 0.04



Page 11 of 14Zancheta et al. BMC Medicine          (2024) 22:340 	

outcomes persists even after adjusting for the nutritional 
profile of the diet [63, 64]. UPF manufacturing often 
involves processed and refined ingredients that lack 
the natural food matrix, leading to reduced satiety and 
heightened glycemic response [65]. Additionally, UPF 
tend to have a higher energy density due to their ingre-
dients and low water content, making them easy to con-
sume rapidly in terms of volume and calories, facilitating 
excessive intake [66, 67]. Furthermore, UPF typically 
exhibit a lower protein density, and it has been hypoth-
esized that this lower protein content could lead indi-
viduals to overconsume other foods and, consequently, 
excess energy [68]. Another hypothesis considered to 
explain these associations beyond the nutritional profile 
is that the widespread consumption of UPF may result in 
increased intake of substances that are rare or absent in 
nature, such as food additives [69].

The  consumption of UPF by children is a  matter of 
concern. We know that children are the main consumers 
of these products in several countries, with the percent-
age of consumption higher than that observed in adults 
[70]. In fact, media marketing that encourages increased 
consumption of UPF targets children, given their high 
vulnerability. Additionally, eating habits built during 
childhood tend to persist throughout life [71]; therefore, 
becoming accustomed to consuming high levels of sug-
ars, sodium, and fats is worrisome. Moreover, children 
have a lower body size; thus, they have a higher risk of 
exposure to critical levels of substances found in UPF. 
Thus, several countries, mostly in the Latin-American 
region, have adopted food-based guidelines with mes-
sages advising against the consumption of UPF [72–75]. 
In Brazil, dietary guidelines for children under 2 years 
of age explicitly recommend offering MPF and avoid-
ing UPF [76]. Additionally, in Brazil, the legislation of 
the school feeding program prohibits the provision 
of UPF for children under 3 years of age and mandates 
that at least 75% of resources be allocated to the acqui-
sition of MPF [77]. While not explicitly incorporating 
the concept of UPF into its regulations, Chile has one of 
the most comprehensive frameworks to protect children 
from packaged foods and beverages high in nutrients of 
concern, such as sugar, salt, and saturated fats (mostly 
UPF). The Chilean Food-Labeling and Advertising Law 
implemented in 2016 (after our dietary data collection) 
mandates the inclusion of warning labels “high in” on the 
front of the package, restricts the marketing of regulated 
foods to children under 14 years of age, and prohibits 
selling or offering of these foods in schools [78]. These 
measures should be reinforced and globally promoted 
to create environments in which children have restricted 
or no access to UPF given the risks associated with their 
consumption.

Our study has several strengths, including its longitu-
dinal design, detailed dietary information that includes 
specific brand names of packaged foods, objective meas-
urements of adiposity and metabolic profiles, and the 
estimation of usual consumption of UPF employing sta-
tistical methods to account for within-person variability 
in food consumption. However, some limitations should 
also be considered for interpreting our results. In obser-
vational studies, there is an inherent measurement error 
in the dietary data, which refers to the difference between 
the reported dietary intake and the true usual dietary 
intake. However, we attempted to select only plausible 
reports by excluding diets very far from the estimated 
considered children’s sex and age, and we also excluded 
diets with extreme values of UPF (< p1 and > p99). We 
also gathered dietary information using the standard-
ized 24-h dietary recall technique, deemed the method 
with the least misreporting in children [79], and included 
children in the interviews which could reduce errors 
due to lack of awareness of parents regarding children’s 
dietary consumption. Additionally, we applied a statisti-
cal method to estimate the usual consumption of UPF; 
however, our estimate could not represent the usual con-
sumption over the entire follow-up period. Still, dietary 
recalls can be subjected to social desirability bias, which 
may lead to the underestimation of UPF and bias in the 
associations toward the null. The proportion of loss on 
the follow-up was significant, especially for metabolic 
indicators, and we found differential losses related to 
mothers’ education. However, maternal education was 
not associated with outcomes, except glycemia (data 
not shown), so the estimates should not be importantly 
modified with the observed differential loss to follow-
up; besides, we applied inverse probability of censoring 
weights to adjust all analyses to make more correct infer-
ences considering the characteristics of our initial sam-
ple. Although we controlled for potential confounders, 
we cannot rule out unmeasured or residual confound-
ing as this was an observational study. Finally, the find-
ings might lack broad generalizability because our sample 
consisted of preschoolers attending public schools in 
Santiago’s low- to middle-income region.

Conclusions
We observed that a  higher consumption  of UPF was 
associated with adiposity indicators in this sample of 
Chilean preschoolers. Our results suggest the need for 
a longer exposure time for metabolic effects to emerge, 
so strategies to prevent the consumption of UPF aimed 
at schoolchildren could still improve these trajecto-
ries. Therefore, policies promoting food environments 
that facilitate the consumption of minimally processed 
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foods and make it difficult for children to access UPF 
should be encouraged.

Abbreviations
24HR	� 24-H Diet Recall
BMI	� Body mass index
CIAPEC	� Center of Research in Food Environment and Prevention of Obe-

sity and Non-Communicable Diseases
CV	� Coefficient of variation
DAG	� Directed acyclic graph
DRI	� Dietary Reference Intake
FECHIC	� Food and Environment Chilean Cohort
HDL-c	� High-density cholesterol
HOMA-IR	� Homeostatic Model to Assess Insulin Resistance
INTA	� Institute of Nutrition and Food Technology
LDL-c	� Low-density cholesterol
MPF	� Minimally processed foods
MSM	� Multiple Source Method
pER	� Predicted energy requirement
PCI	� Processed culinary ingredients
PF	� Processed foods
rEI	� Reported energy intake
SES	� Socioeconomic status
SW	� Stabilized inverse probability of censuring weights
UPF	� Ultra-processed food
USDA	� United States Department of Agriculture
WC	� Waist circumference
WHO	� World Health Organization

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12916-​024-​03556-z.

Additional file 1: Tables S1-S4. Table S1 – Associations between the 
consumption of UPF at 4 y, anthropometric indicators, and body composi-
tion at 6 y without considering SW. Table S2 – Associations between 
the consumption of UPF at 4 y and metabolic indicators at 6 y without 
considering SW. Table S3 – Associations between quartiles of consump-
tion of UPF at 4 y, anthropometric indicators and body composition at 6 
y. Table S4 – Associations between quartiles of consumption of UPF at 4 y 
and metabolic indicators at 6 y

Acknowledgements
We thank the participants of the Food and Environment Chilean Cohort. We 
also thank the research teams at CIAPEC (Center of Research in Food Environ-
ment and Prevention of Obesity and Non-Communicable Diseases) at INTA 
(Institute of Nutrition and Food Technology), University of Chile, and at the 
Global Food Research Program, University of North Carolina at Chapel Hill.

Authors’ contributions
Conceptualization: CZ and CC. Methodology: CZ and CC. Investigation: CZ. 
Funding acquisition: LST, MR and CC. Supervision: CC. Writing—original draft: 
CZ. Writing—review and editing: CZ, NR, LST, MR, and CC. All authors read and 
approved the final manuscript.

Funding
This work was supported by Bloomberg Philanthropies, and the ANID/Fondo 
Nacional de Desarrollo Científico y Tecnológico-FONDECYT Regular (#1201633 
and #1181370). CZ is supported by the National Agency for Research and 
Development (ANID)/Scholarship Program/Doctorado Becas Chile #21200883. 
NR is supported by the ANID/Fondo Nacional de Desarrollo Científico y 
Tecnológico-FONDECYT Postdoctorado (#3230125). The funders had no role in 
study design, data collection and analysis, decision to publish, or preparation 
of the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The original study was approved by the ethics committee of the Institute 
of Nutrition and Food Technology (INTA), University of Chile (Nº 7–2016, Nº 
19–2017). All mothers signed an informed consent form on behalf of their 
children. The ethics committee of the Faculty of Medicine, University of Chile, 
also approved the current analyses (Nº 159–2021).

Consent for publication
All authors approve the publication of the final manuscript.

Competing interests
The authors declare that they have no competing interests. CC is a Guest Edi-
tor in BMC Medicine, for the article collection “Food Environments and Health”. 

Author details
1 Doctoral Program in Public Health, School of Public Health, University 
of Chile, Santiago, Chile. 2 Center of Research in Food Environment and Preven-
tion of Obesity and Non‑Communicable Diseases (CIAPEC), Institute of Nutri-
tion and Food Technology (INTA), University of Chile, Santiago, Chile. 3 Carolina 
Population Center, Department of Nutrition, Gillings School of Global Public 
Health, University of North Carolina at Chapel Hill, Chapel Hill, NC, USA. 

Received: 19 December 2023   Accepted: 12 August 2024

References
	1.	 Global Atlas on Childhood Obesity. World Obesity Federation. https://​

www.​world​obesi​ty.​org/​membe​rsarea/​global-​atlas-​on-​child​hood-​obesi​ty. 
Accessed 10 Nov 2023.

	2.	 Rivera JÁ, de Cossío TG, Pedraza LS, Aburto TC, Sánchez TG, Martorell R. 
Childhood and adolescent overweight and obesity in Latin America: a 
systematic review. Lancet Diabetes Endocrinol. 2014;2:321–32.

	3.	 Junta Nacional de Auxilio Escolar y Becas. Informe Mapa Nutricional 2019. 
2021. https://​www.​junaeb.​cl/​wp-​conte​nt/​uploa​ds/​2023/​03/​Infor​me-​
Mapa-​Nutri​cional-​2019-1.​pdf.

	4.	 Al-Hamad D, Raman V. Metabolic syndrome in children and adolescents. 
Transl Pediatr. 2017;6:397–407.

	5.	 Monteiro CA, Moubarac J-C, Cannon G, Ng SW, Popkin B. Ultra-processed 
products are becoming dominant in the global food system. Obes Rev. 
2013;14:21–8.

	6.	 Monteiro CA, Cannon G, Levy RB, Moubarac J-C, Louzada ML, Rauber F, 
et al. Ultra-processed foods: what they are and how to identify them. 
Public Health Nutr. 2019;22:936–41.

	7.	 Machado PP, Steele EM, Louzada ML da C, Levy RB, Rangan A, Woods 
J, et al. Ultra-processed food consumption drives excessive free sugar 
intake among all age groups in Australia. Eur J Nutr. 2020;59:2783–92.

	8.	 Moubarac J-C, Batal M, Louzada ML, Martinez Steele E, Monteiro CA. 
Consumption of ultra-processed foods predicts diet quality in Canada. 
Appetite. 2017;108:512–20.

	9.	 Baraldi LG, Martinez Steele E, Canella DS, Monteiro CA. Consumption of 
ultra-processed foods and associated sociodemographic factors in the 
USA between 2007 and 2012: evidence from a nationally representative 
cross-sectional study. BMJ Open. 2018;8.

	10.	 Marrón-Ponce JA, Sánchez-Pimienta TG, Louzada ML da C, Batis C. Energy 
contribution of NOVA food groups and sociodemographic determinants 
of ultra-processed food consumption in the Mexican population. Public 
Health Nutr. 2018;21:87–93.

	11.	 Cediel G, Reyes M, da Costa Louzada ML, Martinez Steele E, Monteiro CA, 
Corvalán C, et al. Ultra-processed foods and added sugars in the Chilean 
diet (2010). Public Health Nutr. 2018;21:125–33.

	12.	 Martines RM, Machado PP, Neri DA, Levy RB, Rauber F. Association 
between watching TV whilst eating and children’s consumption 

https://doi.org/10.1186/s12916-024-03556-z
https://doi.org/10.1186/s12916-024-03556-z
https://www.worldobesity.org/membersarea/global-atlas-on-childhood-obesity
https://www.worldobesity.org/membersarea/global-atlas-on-childhood-obesity
https://www.junaeb.cl/wp-content/uploads/2023/03/Informe-Mapa-Nutricional-2019-1.pdf
https://www.junaeb.cl/wp-content/uploads/2023/03/Informe-Mapa-Nutricional-2019-1.pdf


Page 13 of 14Zancheta et al. BMC Medicine          (2024) 22:340 	

of ultraprocessed foods in United Kingdom. Matern Child Nutr. 
2019;15:e12819.

	13.	 Neri D, Martinez-Steele E, Monteiro CA, Levy RB. Consumption of ultra-
processed foods and its association with added sugar content in the 
diets of US children, NHANES 2009–2014. Pediatr Obes. 2019;14:e12563.

	14.	 Costa CS, Rauber F, Leffa PS, Sangalli CN, Campagnolo PDB, Vitolo MR. 
Ultra-processed food consumption and its effects on anthropometric 
and glucose profile: A longitudinal study during childhood. Nutr Metab 
Cardiovasc Dis. 2019;29:177–84.

	15.	 Araya C, Corvalán C, Cediel G, Taillie LS, Reyes M. Ultra-Processed Food 
Consumption Among Chilean Preschoolers Is Associated With Diets 
Promoting Non-communicable Diseases. Front Nutr. 2021;8:601526.

	16.	 Louzada ML da C, Ricardo CZ, Steele EM, Levy RB, Cannon G, Monteiro 
CA. The share of ultra-processed foods determines the overall nutritional 
quality of diets in Brazil. Public Health Nutr. 2018;21:94–102.

	17.	 Cediel G, Reyes M, Corvalán C, Levy RB, Uauy R, Monteiro CA. Ultra-pro-
cessed foods drive to unhealthy diets: evidence from Chile. Public Health 
Nutr. 2020;:1–10.

	18.	 Machado PP, Steele EM, Levy RB, Sui Z, Rangan A, Woods J, et al. Ultra-
processed foods and recommended intake levels of nutrients linked to 
non-communicable diseases in Australia: evidence from a nationally 
representative cross-sectional study. BMJ Open. 2019;9:e029544.

	19.	 Rauber F, Louzada ML da C, Martinez Steele E, Rezende LFM de, Millett C, 
Monteiro CA, et al. Ultra-processed foods and excessive free sugar intake 
in the UK: a nationally representative cross-sectional study. BMJ Open. 
2019;9:e027546.

	20.	 Liu J, Steele EM, Li Y, Karageorgou D, Micha R, Monteiro CA, et al. Con-
sumption of Ultraprocessed Foods and Diet Quality Among U.S. Children 
and Adults. Am J Prev Med. 2022;62:252–64.

	21.	 Askari M, Heshmati J, Shahinfar H, Tripathi N, Daneshzad E. Ultra-pro-
cessed food and the risk of overweight and obesity: a systematic review 
and meta-analysis of observational studies. Int J Obes. 2020;44:2080–91.

	22.	 Pagliai G, Dinu M, Madarena MP, Bonaccio M, Iacoviello L, Sofi F. Con-
sumption of ultra-processed foods and health status: a systematic review 
and meta-analysis. Br J Nutr. 2021;125:308–18.

	23.	 Yuan L, Hu H, Li T, Zhang J, Feng Y, Yang X, et al. Dose-response meta-
analysis of ultra-processed food with the risk of cardiovascular events 
and all-cause mortality: evidence from prospective cohort studies. Food 
Funct. 2023;14:2586–96.

	24.	 Taneri PE, Wehrli F, Roa-Díaz ZM, Itodo OA, Salvador D, Raeisi-Dehkordi 
H, et al. Association Between Ultra-Processed Food Intake and All-Cause 
Mortality: A Systematic Review and Meta-Analysis. Am J Epidemiol. 
2022;191:1323–35.

	25.	 Petridi E, Karatzi K, Magriplis E, Charidemou E, Philippou E, Zampelas A. 
The impact of ultra-processed foods on obesity and cardiometabolic 
comorbidities in children and adolescents: a systematic review. Nutrition 
Reviews. 2023;:nuad095.

	26.	 Rauber F, Campagnolo PDB, Hoffman DJ, Vitolo MR. Consumption of 
ultra-processed food products and its effects on children’s lipid profiles: a 
longitudinal study. Nutr Metab Cardiovasc Dis. 2015;25:116–22.

	27.	 Leffa PS, Hoffman DJ, Rauber F, Sangalli CN, Valmórbida JL, Vitolo MR. Lon-
gitudinal associations between ultra-processed foods and blood lipids in 
childhood. Br J Nutr. 2020;124:341–8.

	28.	 Venegas Hargous C, Reyes M, Smith Taillie L, González CG, Corvalán C. 
Consumption of non-nutritive sweeteners by pre-schoolers of the food 
and environment Chilean cohort (FECHIC) before the implementation of 
the Chilean food labelling and advertising law. Nutr J. 2020;19:69.

	29.	 Steinfeldt L, Anand J, Murayi T. Food Reporting Patterns in the USDA 
Automated Multiple-Pass Method. Procedia Food Science. 2013;2:145–56.

	30.	 Cerda R, Barrera C, Arena M, Bascuñan K, Jimenez G. Atlas fotográfico 
de alimentos y preparaciones típicas chilenas: Encuesta Nacional de 
Consumo Alimentario 2010. Universidad de Chile. Facultad de Economía 
y Negocios. Universidad de Chile. Facultad de Medicina. Ministerio de 
Salud; 2010.

	31.	 Rebolledo N, Reyes M, Corvalán C, Popkin BM, Smith TL. Dietary Intake 
by Food Source and Eating Location in Low- and Middle-Income Chilean 
Preschool Children and Adolescents from Southeast Santiago. Nutrients. 
2019;11:1695.

	32.	 Zancheta Ricardo C, Duran AC, Grilo MF, Rebolledo N, Díaz-Torrente 
X, Reyes M, et al. Impact of the use of food ingredients and additives 

on the estimation of ultra-processed foods and beverages. Front Nutr. 
2022;9:1046463.

	33.	 Rebolledo N, Reyes M, Popkin BM, Adair L, Avery CL, Corvalán C, et al. 
Changes in nonnutritive sweetener intake in a cohort of preschoolers 
after the implementation of Chile’s Law of Food Labelling and Advertis-
ing. Pediatr Obes. 2022;17:e12895.

	34.	 Dietary Reference Intakes for Energy. Washington, D.C.: National Acad-
emies Press; 2023.

	35.	 Mendez MA, Miles DR, Poti JM, Sotres-Alvarez D, Popkin BM. Persis-
tent disparities over time in the distribution of sugar-sweetened 
beverage intake among children in the United States. Am J Clin Nutr. 
2019;109:79–89.

	36.	 Huang TT-K, Roberts SB, Howarth NC, McCrory MA. Effect of screening 
out implausible energy intake reports on relationships between diet and 
BMI. Obes Res. 2005;13:1205–17.

	37.	 Black AE, Cole TJ. Within- and between-subject variation in energy 
expenditure measured by the doubly-labelled water technique: impli-
cations for validating reported dietary energy intake. Eur J Clin Nutr. 
2000;54:386–94.

	38.	 Haubrock J, Nöthlings U, Volatier J-L, Dekkers A, Ocké M, Harttig U, 
et al. Estimating Usual Food Intake Distributions by Using the Multi-
ple Source Method in the EPIC-Potsdam Calibration Study1–3. J Nutr. 
2011;141:914–20.

	39.	 Tooze JA. Estimating Usual Intakes from Dietary Surveys: Methodologic 
Challenges, Analysis Approaches, and Recommendations for Low- and 
Middle-Income Countries. Washington, D.C: Intake - Center for Dietary 
Assessment/FHI Solutions; 2020.

	40.	 The WHO Child Growth Standards. https://​www.​who.​int/​tools/​child-​
growth-​stand​ards. Accessed 8 Nov 2023.

	41.	 Tanita Corporation. Body composition analyser BC-418. Instruction 
manual.

	42.	 Vujovic A, Kotur-Stevuljevic J, Spasic S, Bujisic N, Martinovic J, Vujovic M, 
et al. Evaluation of different formulas for LDL-C calculation. Lipids Health 
Dis. 2010;9:27.

	43.	 Glass TA, Goodman SN, Hernán MA, Samet JM. Causal Inference in Public 
Health. Annu Rev Public Health. 2013;34:61–75.

	44.	 Textor J, van der Zander B, Gilthorpe MS, Liskiewicz M, Ellison GT. Robust 
causal inference using directed acyclic graphs: the R package “dagitty.” Int 
J Epidemiol. 2016;45:1887–94.

	45.	 Chile. Ministerio de Desarrollo Social y Familia. Encuesta de Caracteri-
zación Socioeconómica Nacional - CASEN 2017. Situación de pobreza: 
Síntesis de resultados. 2017.

	46.	 Chile. Instituto Nacional de Estadísticas. Mujeres en Chile y mercado de 
trabajo: Participación laboral femenina y brechas salariales. Santiago, 
Chile; 2015.

	47.	 Hernán MA, Robins JM. Causal Inference: What If. Boca Raton: Chapman & 
Hall/CRC; 2020.

	48.	 van der Wal WM, Geskus RB. ipw: An R Package for Inverse Probability 
Weighting. J Stat Softw. 2011;43:1–23.

	49.	 Willett W, Howe G, Kushi L. Adjustment for total energy intake in epide-
miologic studies. Am J Clin Nutr. 1997;65:1220S–1228S.

	50.	 Tomova GD, Arnold KF, Gilthorpe MS, Tennant PW. Adjustment for energy 
intake in nutritional research: a causal inference perspective. Am J Clin 
Nutr. 2022;115:189–98.

	51.	 Schafer JL. Multiple imputation: a primer. Stat Methods Med Res. 
1999;8:3–15.

	52.	 Vitale M, Costabile G, Testa R, D’Abbronzo G, Nettore IC, Macchia PE, et al. 
Ultra-Processed Foods and Human Health: A Systematic Review and 
Meta-Analysis of Prospective Cohort Studies. Adv Nutr. 2024;15:100121.

	53.	 Scrinis G, Monteiro C. From ultra-processed foods to ultra-processed 
dietary patterns. Nat Food. 2022;3:671–3.

	54.	 Vilela S, Magalhães V, Severo M, Oliveira A, Torres D, Lopes C. Effect of the 
food processing degree on cardiometabolic health outcomes: A prospec-
tive approach in childhood. Clin Nutr. 2022;41:2235–43.

	55.	 Dietz W. Critical periods in childhood for the development of obesity. Am 
J Clin Nutr. 1994;59:955–9.

	56.	 Chang K, Khandpur N, Neri D, Touvier M, Huybrechts I, Millett C, et al. 
Association Between Childhood Consumption of Ultraprocessed Food 
and Adiposity Trajectories in the Avon Longitudinal Study of Parents and 
Children Birth Cohort. JAMA Pediatr. 2021;175:e211573.

https://www.who.int/tools/child-growth-standards
https://www.who.int/tools/child-growth-standards


Page 14 of 14Zancheta et al. BMC Medicine          (2024) 22:340 

	57.	 Frías JRG, Cadena LH, Villarreal AB, Piña BGB, Mejía MC, Cerros LAD, et al. 
Effect of ultra-processed food intake on metabolic syndrome compo-
nents and body fat in children and adolescents: A systematic review 
based on cohort studies. Nutrition. 2023;111:112038.

	58.	 I’Allemand D, Wiegand S, Reinehr T, Müller J, Wabitsch M, Widhalm K, et al. 
Cardiovascular risk in 26,008 European overweight children as estab-
lished by a multicenter database. Obesity (Silver Spring). 2008;16:1672–9.

	59.	 Velázquez-López L, Santiago-Díaz G, Nava-Hernández J, Muñoz-Torres 
AV, Medina-Bravo P, Torres-Tamayo M. Mediterranean-style diet reduces 
metabolic syndrome components in obese children and adolescents 
with obesity. BMC Pediatr. 2014;14:175.

	60.	 Marcovecchio ML, Bagordo M, Marisi E, de Giorgis T, Chiavaroli V, Chiarelli 
F, et al. One-hour post-load plasma glucose levels associated with 
decreased insulin sensitivity and secretion and early makers of cardio-
metabolic risk. J Endocrinol Invest. 2017;40:771–8.

	61.	 Tricò D, Galderisi A, Mari A, Santoro N, Caprio S. The one-hour post-load 
plasma glucose predicts progression to prediabetes in a multiethnic 
cohort of obese youths. Diabetes Obes Metab. 2019;21:1191–8.

	62.	 Kerr JA, Liu RS, Gasser CE, Mensah FK, Burgner D, Lycett K, et al. Diet qual-
ity trajectories and cardiovascular phenotypes/metabolic syndrome risk 
by 11–12 years. Int J Obes. 2021;45:1392–403.

	63.	 Louzada ML da C, Baraldi LG, Steele EM, Martins APB, Canella DS, Mou-
barac J-C, et al. Consumption of ultra-processed foods and obesity in 
Brazilian adolescents and adults. Preventive Medicine. 2015;81:9–15.

	64.	 Srour B, Fezeu LK, Kesse-Guyot E, Allès B, Méjean C, Andrianasolo RM, 
et al. Ultra-processed food intake and risk of cardiovascular disease: 
prospective cohort study (NutriNet-Santé). BMJ. 2019;365:l1451.

	65.	 Fardet A. Minimally processed foods are more satiating and less hypergly-
cemic than ultra-processed foods: a preliminary study with 98 ready-to-
eat foods. Food Funct. 2016;7:2338–46.

	66.	 Forde CG, Mars M, de Graaf K. Ultra-Processing or Oral Processing? A Role 
for Energy Density and Eating Rate in Moderating Energy Intake from 
Processed Foods. Curr Dev Nutr. 2020;4:nzaa019.

	67.	 Hall KD, Ayuketah A, Brychta R, Cai H, Cassimatis T, Chen KY, et al. Ultra-
Processed Diets Cause Excess Calorie Intake and Weight Gain: An Inpa-
tient Randomized Controlled Trial of Ad Libitum Food Intake. Cell Metab. 
2019;30:67–77.e3.

	68.	 Steele EM, Raubenheimer D, Simpson SJ, Baraldi LG, Monteiro CA. Ultra-
processed foods, protein leverage and energy intake in the USA. Public 
Health Nutr. 2018;21:114–24.

	69.	 Ayton A, Ibrahim A. The Western diet: a blind spot of eating disorder 
research?—a narrative review and recommendations for treatment and 
research. Nutr Rev. 2020;78:579–96.

	70.	 Khandpur N, Neri DA, Monteiro C, Mazur A, Frelut M-L, Boyland E, et al. 
Ultra-Processed Food Consumption among the Paediatric Population: 
An Overview and Call to Action from the European Childhood Obesity 
Group. ANM. 2020;76:109–13.

	71.	 Birch LL. Development of food preferences. Annu Rev Nutr. 
1999;19:41–62.

	72.	 Brasil. Ministério da Saúde. Guia alimentar para a população brasileira. 
2nd edition. Brasília; 2014.

	73.	 Lázaro Serrano ML, Domínguez Curi CH. Guías alimentarias para la 
población peruana. Instituto Nacional de Salud. 2019.

	74.	 Uruguay. Ministerio de Salud. Guía alimentaria para la población uru-
guaya. 2016.

	75.	 Chile. Ministerio de Salud. Guías Alimentarias para Chile. Santiago; 2022.
	76.	 Brasil. Ministério da Saúde. Guia alimentar para crianças brasileiras meno-

res de 2 anos. Brasília: Ministério da Saúde; 2019.
	77.	 Brasil. Fundo Nacional de Desenvolvimento da Educação. NOTA TÉCNICA 

No 1879810/2020/COSAN/CGPAE/DIRAE. Alterações dos aspectos de 
Alimentação e Nutrição e de Segurança Alimentar e Nutricional da Reso-
lução CD/FNDE no 6, de 8 de maio de 2020. 2020.

	78.	 Corvalán C, Reyes M, Garmendia ML, Uauy R. Structural responses to 
the obesity and non-communicable diseases epidemic: Update on the 
Chilean law of food labelling and advertising. Obes Rev. 2019;20:367–74.

	79.	 Forrestal SG. Energy intake misreporting among children and adoles-
cents: a literature review. Matern Child Nutr. 2011;7:112–27.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	The consumption of ultra-processed foods was associated with adiposity, but not with metabolic indicators in a prospective cohort study of Chilean preschool children
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design and subjects
	Dietary intake
	Food consumption according to the NOVA food classification system
	Exclusion of outliers in dietary data
	Usual consumption of UPF
	Outcomes
	Anthropometric indicators
	Body composition
	Metabolic indicators

	Covariables in the association models
	Statistical analysis

	Results
	Estimated usual consumption of UPF
	Adiposity and metabolic outcomes
	Associations between consumption of UPF and adiposity and metabolic indicators
	Sensitivity analysis

	Discussion
	Conclusions
	Acknowledgements
	References


