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Summary

Ultraprocessed foods (UPF) consumption is associated with excess adiposity in
adults, but this linkage remains unclear among children and adolescents. The present
systematic review sought to address this research gap. Publications up to November
2023 were retrieved from PubMed, Web of Science, and Scopus databases. Out-
comes included overweight/obesity anthropometric and body composition indica-
tors; the exposure was UPF consumption based on the NOVA classification system.
The review included 23 studies (i.e., 8 cohort and 15 cross-sectional); approximately
half were carried out in Brazil. Inconclusive and heterogeneous evidence exists as
few cohort studies found positive/mixed associations between UPF consumption
and excess adiposity in pediatric populations, whereas most cross-sectional studies
reported null associations. Such inconsistencies may be attributed to underlying
methodological issues, especially heterogeneity in the outcomes assessed and UPF
consumption operationalization and/or categorization. Future studies should adopt
longitudinal designs with sufficiently extended follow-up periods, account for rele-
vant confounding factors, employ validated and standardized measurement tools to
assess dietary exposure, ensure consistent operationalization of variables, and
encompass diverse geographic contexts. Ultimately, strengthening the quality of
existing research evidence may better inform current and forthcoming policy and
practice interventions aimed at mitigating the increasing prevalence of overweight/

obesity in childhood and across the life course.

KEYWORDS
NOVA, overweight/obesity, pediatric populations, ultraprocessed foods

1 | INTRODUCTION

Abbreviations: BMI, body mass index; Cl, confidence interval; FM, fat mass; FMI, fat mass

index; LMI, lean mass index; NOS, Newcastle-Ottawa scale; NWO, normal-weight obesity;
OR, odds ratio; PR, prevalence ratio; Q, quartile; Qntl, quintile; RR, relative risk; SAD, sagittal
abdominal diameter; T, tertile/tercile; UPF, ultraprocessed food; WC, waist circumference;

WHIER, waist-to-height ratio.

Consumption of ultraprocessed food (UPF), which is often assessed
by the schema proposed by Monteiro et al. for classifying foods
according to their processing level,? has been increasingly recognized
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as a public health problem around the world.>® While the definition of
UPF has historically varied across studies, UPF has been more
recently conceptualized as industrially processed formulations that
contain five or more ingredients, such as salt, sugar, oils, fats, and/or
food substances not often wused in culinary preparation
(e.g., hydrolyzed protein, modified starches, hydrogenated or interes-
terified oils, additives, and colorants).*

The advent of pervasive access to UPFs within the food supply
can be traced back to the mid-20th century in high-income coun-
tries,® whereas the proliferation of these highly processed foods or
the so-called “nutrition transition” is a recent phenomenon in
middle- and low-income countries.®> Collectively, these global shifts
from a traditional diet to one characterized by highly palatable pro-
cessed foods (e.g., high in salt, sugar, and sodium) have coincided
with upward trends in adverse noncommunicable health out-
comes.”>”’

A growing body of literature sheds valuable insight on the dele-
terious impact of UPF consumption on human health, especially in
terms of exacerbating one's risk for noncommunicable diseases.®~1?
Particularly salient is overweight and obesity, a chronic condition
that may be well connected to the aforementioned nutrition transi-
tion across diverse populations worldwide.'® Indeed, several studies
carried out in recent years have bolstered evidence that linkages
between UPF consumption and risk for excess adiposity exist in
adults. 24716

However, the relationship between UPF consumption and excess
adiposity outcomes among pediatric populations, such as overweight/
obesity, is less understood. To date, only four systematic reviews
exclusively focused on this group of individuals (typically between
0 and 19 years of age) have been conducted'”2°; they have yielded
mixed findings and generally underscore the need for better-designed
studies. Yet, since their publication, numerous relevant studies have
been published, those which have not been captured by existing
reviews on the topic. Synthesizing these new and more recent empiri-
cal findings offers an opportunity to elucidate the contribution of UPF
consumption to the development of excess adiposity among children
and adolescents.

Understanding the potential risk factors for excess adiposity
among children and adolescents based on the latest scientific liter-
ature is imperative as the ramifications of experiencing this chronic
condition in these populations appear to have a high cost to indi-
viduals throughout their lifetime. For example, children/adolescents
who experience this chronic condition appear to be at an increased
risk for a host of poor health outcomes earlier in life, such as liver
disease,?! cardiovascular health problems?® and psychological
issues.?? Research evidence also suggests that experiencing over-
weight/obesity in childhood amplifies individuals' risk for obesity
into adulthood,®® lifetime risk for cardiovascular diseases®* and
other poor health outcomes such as cancer.?® Hence, the present
systematic review seeks to advance this area of research by syn-
thesizing existing and more recent studies that have examined the
linkages between UPF and excess adiposity in pediatric

populations.

2 | METHODS

The protocol for this review is registered in the Prospective Register
of Systematic Reviews (2022, CRD42022375774). This study was
conducted following the recommendations of the Preferred Report-
ing Items for Systematic reviews and Meta-Analyses 2020

checklist.2

2.1 | |Literature search

Relevant original articles, letters, or conference abstracts published up
to November 21, 2023, were identified via PubMed, Web of Science,
and Scopus databases. More details on the search string are delin-
eated in Explanatory Note S1. Only publications written in English or
Spanish were considered and no authors of these studies were con-
tacted for additional information. We also reviewed the references of
the final selected articles to identify relevant studies that may have
been missed during the database searches.

2.2 | Study selection

After removing duplicates, all retrieved articles underwent an initial
title and abstract screening and, subsequently, a full-text screening.
Results were limited to peer-reviewed original publications or confer-
ence abstracts that fulfilled the following PICOTS criteria”: (1) popula-
tion: children and adolescents (0-19 years); (2) exposure: consumption
of UPF assessed using the NOVA classification; (3) comparison: chil-
dren/adolescents that had higher UPF consumption relative to lower
UPF consumption; (4) outcome: overweight/obesity as measured by
anthropometric indicators (e.g., body mass index [BMI], waist circum-
ference [WC], and waist-to-height ratio [WHtR]) or body composition
indicators (e.g., fat mass [FM], FM index [FMI], and lean mass index
[LMI]); (5) timing of weight measurement: childhood or adolescence
(0-19 years); and (6) setting: any environmental, clinical, or country
setting. Studies were limited to only those with a cohort, case-
control, or cross-sectional design and that reported their findings as
estimates of relative risk (i.e., risk ratios [RR], odds ratios [OR], preva-
lence ratios [PR]), and B coefficients) of changes in anthropometric/
fatness parameters, with the corresponding measure of variability
including a 95% confidence interval (Cl) and/or p-value.

2.3 | Data extraction

The following data were extracted from the articles selected for inclu-
sion: first author name, year of publication, country, study design,
sample size, the age range of subjects, exposure assessment, duration
of follow-up for cohort studies, study findings (primary and secondary
outcomes), and covariates for adjustment. Results of all selected stud-
ies were synthesized into the following sections: (1) BMI z-score;

(2) overall overweight/obesity; (3) central overweight/obesity;
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(4) other excess adiposity measures; and (5) other body composition

indicators.

24 | Quality of studies

Two reviewers independently used the Newcastle-Ottawa Scale
(NOS)?® to assess the risk of bias in the included studies; a third
reviewer was consulted to resolve scoring disagreements. An adapted
version of the NOS was used to assess the risk of bias in the included
cross-sectional studies.?’ Overall, a score ranging from O to 9 was
assigned to each article; studies assessed were considered “poor qual-
ity” if they received <3 stars, “fair quality” if they received 4 to 6 stars,
and “high quality” if they received 27 stars. This categorization aligns
with a previous systematic review and meta-analysis focused on UPF

consumption and the risk of overweight and obesity.'*

3 | RESULTS

3.1 | Study overview

As indicated in Figure 1, a total of 23 observational studies were
selected after eliminating duplicate publications or those that did
not fulfill the inclusion criteria. Their main characteristics and

findings are detailed in Table 1. There were eight prospective

39-53

cohort®738 and 15 cross-sectional studies, including a total of

99,069 children and adolescents. Moreover, 12 studies focused

jUSt on chiIdren,31'33'38'41’42’45’46’52

39,40,43,44,47,48,50,51

eight just on adoles-

32,49,53

cents, and three on both age groups.

However, the age ranges were inconsistent across studies. For exam-

ple, some studies classified children as those aged 10 years or

31,34-38,42,45,46,52

less, while others classified children as those aged up

to 112347 or 12 years.** Studies were also inconsistent in their classi-
fication of adolescents, with some, for example, considering adoles-
cents as those between 12 and 17 years of age,” 12 and 19 years of

48,49 40,44
,

age or 14 and 19 years of age.

_Wl LEYJL”S

Most studies were carried out in Brazil (n = 10)3339:40:42-44.47.50-52,

other settings included North America (n = 4) 31343537 | atin America
(n = 3),%684% southern Europe (n = 3),5%435 the United Kingdom
(n = 1),%2 China (n = 1),”>% and Iran (n = 1).*°

Dietary assessments also differed across studies. Specifically, nine
used a food frequency questionnaire,31-3336:404345:47.49.53 10 djetary
recalls,37~3941:42:44:48,50-52 40 four food diaries.3>343>4¢ All of them
assessed UPF consumption based on the original NOVA classification,
except for two studies—namely, those by Bleiweiss-Sande et al.** and
Gyimah et al..>¢ which employed adapted versions of the NOVA to
better capture the food landscape of the United States®® and
Ecuador,>® respectively. Yet, despite all studies using the NOVA clas-
sification or an adapted version of it, the operationalization of the
exposure variable largely differed across studies. Specifically, it was
computed as the percent of total kilocalories per day in 10

39,41-44,46,50-53

studies, as the percent of total kilocalories per day and

32,48

percent of total grams per day in two studies, as absolute

31,33,35,45,47

grams per day in five studies, as absolute kilocalories per

34,37,49

day in three studies, and as frequency per day or week in

three studies.363840
The way studies categorized the continuous exposure variable
also varied. In particular, tertiles/terciles (T) were used in seven

31,36,44,45,48,51,52 47,53

studies, quartiles (Q) in two studies, quintiles

(Qntls) in two studies,®2%?

and dichotomized by weekly UPF con-
sumption level (i.e., either as “less than weekly” or “weekly or more”)
in one study.“® Furthermore, even within studies employing identical
operationalizations and categorizations, there were substantial varia-
tions in the ranges across categories. To illustrate, although Chang
et al. and Louzada et al. both operationalized UPF consumption as the
percent of total kilocalories per day and categorized this operationali-
zation into Qntls, the cut-off values for each Qntl were markedly
different in each study.®?%° These and other discrepancies are
presented in Table S1, which provides an overview of how UPF
consumption was operationalized and categorized across studies.

All 23 studies measured weight and height, except one study by
Hou and Qui that sourced this information from clinical (birth)

records.”® Eleven studies also measured WC 3132:3540:42-44.46-48,50

390 in PubMed
530 in Web of Science
+ 878 in Scopus

(21/11/2023):

1,798 records identified through database searching

l 574 duplicates removed

‘ 1,224 records screened for relevance

‘[ 1,172 excluded after abstract/title evaluation

‘ 52 full-text articles assessed for eligibility

‘ 29 excluded for not meeting inclusion criteria:

» 3 assessing other outcomes

« 3 assessing other exposures
» 11 not providing risk estimates
» 1 not target population (>19 years)

| 23 studies included in the systematic review

‘ « 8 not using NOVA classification

+ 3 overlapping studies

8 cohort studies

FIGURE 1 Flow chart. ‘

H 15 cross-sectional studies ‘
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(Continued)

TABLE 1

B: Cross-sectional studies

Qntl3: 1.12 (0.77 to 1.61)
Qntl4: 1.15 (0.74 to 1.77)
Qntl5: 1.52 (0.75 to 3.07)

P-trend: 0.25

and the interaction

between sex and income

Obesity (OR, 95% Cl):

1: reference

Qnt

3:1.74 (0.82 to 3.73
4: 1.90 (0.88 to 4.09

5:2.74 (0.78 to 9.60

2:0.96 (0.55 to 1.68
P-trend: 0.05

Qnt
Qnt
Qnt
Qnt

Note: Effect modification

by age and sex

Abbreviations: BMI, body mass index; Cl, confidence interval; FFQ, food frequency questionnaire; FM, fat mass; FMI, fat mass index; LMI, lean mass index; NWO, normal-weight obesity; OR, odds ratio; PR,
prevalence ratio; Q, quartile; Qntl, quintile; RR, risk ratio; SAD, sagittal abdominal diameter; T, tertile/tercile; WC, waist circumference; WHO, World Health Organization; WHtR, waist-to-height ratio.
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two studies additional anthropometric measures (i.e., sagittal abdomi-

nal diameter [SAD] and mid-upper arm circumference),*>#® and six

studies compositional measures related to fat.323335434652 The cor-
responding outcomes calculated based on these measurements
greatly varied across studies (e.g.,, BMI z-scores, overweight/obesity
based on BMI, central obesity based on WC/SAD, and body composi-
tion indices such as FMI), with most reporting a combination of differ-
ent outcomes. Among studies that reported BMI z-scores, 15 of them
reported this outcome measure according to the World Health Orga-

31,34,38-40,42-47,49-52 while two studies

nization reference standards,
used age and sex standardization based on the study sample,®>*” two
studies the US Centers for Disease Control and Prevention 2000

41,48 2

growth charts, one study British references,®? and one study

Chinese references.>®

3.2 | Quality assessment results

The NOS scores for the cohort and cross-sectional studies included in
the present systematic review can be found in Tables S2 and S3,
respectively. Most studies (n = 12) were assessed to be of “fair
quality,”32:34:3537:41-46:49.50 \yhile the rest of the studies (n = 11) were
classified as “high quality.”31:33:36:38-4047:48.51-53 Eylanatory Note S2

provides a detailed description of the quality assessment results.

3.3 | Narrative synthesis

3.3.1 | Results by BMI z-scores

Five out of the eight cohort studies reported BMI z-scores as a mea-
sure of overweight/obesity, yielding inconsistent findings—that is, one
study reported positive associations,>? two studies mixed

3437 and two studies null associations with UPF consump-

findings,
tion.33> The largest prospective cohort to date (i.e., 9025 seven-
year-old children residing in the United States), when assessing
growth trajectories up to 24 years, found that the trajectories of BMI
z-score were significantly greater among those with the highest con-
sumption of UPF.3? Specifically, when UPF consumption was opera-
tionalized as percent of total grams per day and categorized into
Qntls, those in Qntl5 increased their BMI z-scores by an additional
0.01 (B =0.01, 95% CI: 0.003 to 0.01) per year in comparison with
those in Qntl1. Similar results were obtained when UPF consumption
was operationalized as percent of total kilocalories per day ( = 0.01,
95% Cl: 0.005 to 0.01).

Among those that reported mixed findings, Vedovato et al.'s pro-
spective cohort of 1175 four-year-old children residing in Portugal
found that for every 100 kcal/day UPF consumed at 4 years of age,
BMI z-scores at 10 years of age significantly increased by 0.028
(B =0.028, 95% Cl: 0.006 to 0.051); in contrast, no association was
found at the 7 years of age follow-up period.>* Likewise, a more
recent US prospective cohort analysis of 595 children reported that

compared with low UPF consumption (i.e., 300 kcal/day), high UPF
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intake (i.e.,, 1300 kcal/day) was associated with a 1.2 higher BMI
z-score at 36 months for 3-year-olds (§ = 1.2, 95% CI: 0.5 to 1.9) and
a 0.6 higher BMI z-score for 4-year-olds (= 0.6, 95% Cl: 0.2 to
1.0).%” However, this association was not statistically significant for
5-year-olds or in the overall model.

Finally, among those that reported null findings, Vilela et al. did
not find any association between UPF consumption (in grams per day)
and BMI z-scores in a Portuguese cohort of 3034 children aged
7 years and followed up to 10 years of age.>> Similarly, Bawaked et al.
constructed a child lifestyle score by summing five lifestyle behaviors
(i.e., physical activity, sleep time, television time, plant-based foods,
and intake of UPF in grams per day) in a Spanish cohort of 1480 chil-
dren aged 4 years and did not find any association.3?

Results from the seven cross-sectional studies that reported BMI
z-scores do not support a positive association with UPF intake, with

4142444653 3nd two reporting inverse asso-

five reporting null findings
ciations.*>* In terms of the latter two studies, both conducted in
adolescent Brazilian populations, they found that for every 1%
increase in the contribution of UPF to total kilocalories per day, there
was a decrease of 0.01 (p = —0.01, 95% Cl: —0.03 to —0.01)* or

0.04 (p = —0.04, 95% CI: —0.06 to —0.01)°° in BMI z-scores.

3.3.2 | Results related to overall overweight/
obesity based on BMI

One cohort study®® and nine cross-sectional studies have explored
the association between UPF consumption and overall obesity/
overweight based on BM|39:4044:4547-49.51.53 A|| put two studies uti-
lized World Health Organization cutoffs to determine overall obesity/
overweight outcomes. One exception was the study conducted by
Neri et al., where obesity was defined as a BMI > 85th percentile
according to US Centers for Disease Control and Prevention 2000
Growth Charts*8; the second exception was the study conducted by
Hou and Qui, who categorized BMI based on the Working Group for
Obesity in China cut-offs.>3

Only 2 of these 10 studies found a positive association between
UPF and overweight/obesity.*”*® In particular, Neri et al. in their
cross-sectional study of 3587 adolescents aged 12-19 years from the
United States found that those with the highest consumption of UPF
(T3, based on percent of total grams per day) had 45% higher odds
(OR = 1.45, 95% Cl: 1.02 to 2.06) of overweight/obesity compared
with those in T1.*® They also found a 10% increment in the
proportion of UPF consumption associated with increased risk for
overweight/obesity (OR = 1.06, 95% ClI: 1.00 to 1.12). A smaller
cross-sectional study carried out on 576 Brazilian adolescents aged
10-17 years yielded similar results, namely, that the highest level UPF
consumption in grams per day (i.e., 2Qntl3) was associated with a
58% higher PR (PR = 1.58, 95% Cl: 1.07 to 2.34) of overweight/
obesity compared with the lowest level of consumption
(i.e., =Qntl3).*”

Mixed findings were reported in the cross-sectional study carried
out by Oviedo-Solis et al.** The authors found that for each 200 kcal/

day of increased UPF consumption, the odds of having excess weight
were 9% higher in children (OR = 1.09, 95% ClI: 1.02 to 1.16), while
null results were reported in adolescents. The remaining seven stud-

ies, mostly focused on Brazilian populations 38404451

reported null
findings on the relationship between UPF consumption and over-
weight/obesity in children,®84> adolescents,3?44+>1 or both children

and adolescent populations.>®

3.3.3 | Results related to central obesity

Eleven studies assessed the association between UPF consumption
and central obesity by measuring WC,31:32354042-44:46-48,50
WHtR,*?%4 and SAD.*® Among them, four studies focused on chil-

31,35,42,46 40,43,44,47,48,50 and one on both

dren, six on adolescents,
children and adolescents (i.e., those between 7 and 17 years of age).%?

Five of the seven studies that analyzed UPF consumption contin-
uously found null associations between UPF consumption and WC or
WHtR.31:35424346 Oy the large prospective cohort study of Chang
et al. found that trajectories of WC increased by an additional
0.17 (95% Cl, 0.11-0.22) cm/year®?; in contrast, a small Brazilian
study involving 120 adolescents reported an inverse association
(p = —0.07,95% CI: —0.11 to —0.02).>°

Among the four studies that analyzed the outcome categorically,

4044 and the other two reported strong pos-

two reported null findings
itive associations.*”*® In particular, when comparing T3 of UPF con-
sumption (percent of total grams per day) to T4, Neri et al. found
there was 52% higher odds (OR = 1.52, 95% CI: 1.06 to 2.18) of
abdominal obesity/overweight (based on WC) and 63% higher odds
(OR =1.63, 95% CI: 1.19 to 2.24) of visceral obesity/overweight
based on SAD.*® They also found that a 10% increment in the propor-
tion of UPF consumption was associated with an increased risk of
both central overweight/obesity measure (OR = 1.07, 95% Cl: 1.01 to
1.13) and visceral overweight/obesity measure (OR = 1.07, 95% Cl:
1.02 to 1.13). Consistent with this finding, de Souza et al. found posi-
tive associations for central obesity, albeit the estimates were less
pronounced. This was observed when central obesity was based on
WC (PR = 2.48, 95% Cl: 1.41 to 4.36), as well as WHtR (PR = 2.09,
95% Cl: 1.11 to 3.92).4”

3.3.4 | Other excess adiposity measures

Other adiposity indicators, such as weight (in kilograms), weight-
for-age z-scores, and normal-weight obesity (NWO), were examined
in few studies. Chang et al. reported positive associations between
UPF and weight, when UPF consumption was both operationalized as
percent of total grams per day (p = 0.20, 95% Cl: 0.11 to 0.28) and
percent of total kilocalories per day ( = 0.14, 95% Cl: 0.06 to 0.22).32
Instead, the cross-sectional study of 267 Canadian children conducted
by Ashraf et al. reported null results.*® Gyimah et al. in their cohort
study of 125 two-year-old Ecuadorian children similarly found that

UPF consumption (number of times per day categorized into T) was
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not associated with weight-for-height z-scores.*¢ More recently, Cota
et al. carried out a cross-sectional study which assessed the associa-
tion between UPF consumption (in percent of kilocalories per day cat-
egorized into T) and NWO phenotype in 364 school-aged Brazilian
children.>2 They defined NWO as individuals with normal weight who
were assessed to have a high amount of body fat. This study revealed
that increased UPF consumption was associated with higher preva-
lence of NWO, both among normal-weight children (PRyoyst1 = 1.9,
95% Cl: 1.1 to 3.4; and PRy3,s11 = 1.8, 95% Cl: 1.01 to 3.1) and those
with excess weight (PRy,s11 = 2.0; 95% Cl, 1.2 to 3.3); albeit null find-
ings were reported for children with excess weight in the highest UPF
consumption category.

3.3.5 | Results by body composition indicators

32,33,35 43,46

Three prospective cohorts and two cross-sectional studies
have assessed the association between UPF and body composition
indicators. Different measurement instruments were used to assess
body composition, including the BOD POD™ digital scale,®343
DEXA,*2 and bioelectrical impedance analysis.®>>*® Among them, two
prospective studies reported positive associations.>?3 After a 5-year
follow-up, Costa et al. reported that a 100-g increase in UPF con-
sumption was associated with an FMI increase of 0.05 kg/m2 (95% Cl:
0.04 to 0.06).%% In the same vein, when assessing growth trajectories
from 7 to 24 years, Chang et al. observed increases of 0.03 kg/m? in
FMI (B = 0.03, 95% Cl: 0.01 to 0.05) and of 0.15 kg in FM (g = 0.15,
95% Cl: 0.08 to 0.21) per year in children in the highest Qntl of UPF
(based on percent of total grams per day) compared with the lowest
Qntl. Null associations were reported for total fat in percent, lean
mass in kilograms, or LMI in kilograms per square meter; and similar
results were observed when UPF was operationalized as percent of
total kilocalories per day.? In contrast, the cross-sectional study by
Viola et al. focused on Brazilian adolescents reported an inverse asso-
ciation between UPF (percent of total kilocalories per day, categorized
into T) and LMI in kilograms per square meter (f: —0.01, 95% Cl:
-0.02 to —0.01).**

4 | DISCUSSION

This systematic review provides an overview of the limited and het-
erogeneous evidence regarding UPF consumption and excess adipos-
ity in children and adolescents. Of the 23 studies that met the
inclusion criteria, only one cohort study®® and three cross-sectional

studies47’48’52

33,52

reported consistent positive associations in chil-

or adolescents.*”*® And of the remaining 19 studies, one
32,34,37,43,49

dren

reported inverse associations,”® five mixed results, and

13 null findings 31:3536.38-4244-4651,53

The five studies that reported mixed results varied according to
(a) the type of outcome assessed or (b) the time of exposure to UPF.
Regarding the former, Chang et al. found positive associations

between UPF (both as percent of total grams per day and as percent
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of total kilocalories per day) and BMI z-score, BMI, FMI, weight, WC,
and FM, but not for percent of total fat, LMI, or lean mass®2: Viola
et al. reported inverse associations for BMI and LMI and null findings
for WC and android fat.*® Regarding the latter, Vedovato et al. found
positive associations among children with exposure at 4 years of age,
but not at age 7%* Heerman et al. found positive associations for
exposures at 3 and 4 years, but not at 5 years of age®”; and Oviedo-
Solis et al. found positive associations among children, but not among
adolescents.*?

Our results align with four other previous systematic reviews con-
ducted on children and adolescents.r” 2% The first study, by Costa
et al., found that while some studies found a positive association
between high UPF consumption and excess body fat, there was a lack
of association in others.r” The researchers noted that methodological
issues may explain the mixed findings and pointed to a need to use a
standardized UPF classification system that considers the level of
food processing. Subsequent systematic reviews on this topic sought
to address this study limitation by restricting their synthesis to studies
using the NOVA classification system to assess exposure to UPF18-20;
nevertheless, these reviews also noted mixed associations with sev-
eral adiposity indicators. Even with more recently published studies
included in our updated systematic review, existing research findings
are still very heterogeneous, making it difficult to draw firm conclu-
sions on the linkages between UPF consumption and excess adiposity
among pediatric populations. Conversely, the existence of these link-
ages is more to the well-established for adult populations.}#1>%
Overall, current available evidence indicates that only longitudinal
studies with long follow-up periods provide some level of consistency
in supporting the relationship between high consumption of UPF and
several adiposity indicators in pediatric populations. A notable exam-

1,32 which reported null find-

ple is the study conducted by Chang et a
ings when examining associations between UPF consumption and
excess adiposity at baseline. However, it is important to point out that
in their linear growth curve models, higher UPF consumption was
associated with greater increases in adiposity from childhood to early
adulthood.

From a research standpoint, the present systematic review
emphasizes the need to expand and homogenize investigations
regarding the impact of UPF consumption on weight outcomes in chil-
dren and adolescents. This includes standardizing how UPF consump-
tion and excess adiposity are measured in this population. Although
the utilization of the NOVA classification system serves as an initial
starting point to better measure UPF consumption, it is imperative to
consistently operationalize measurement units across studies
(e.g., grams vs. kilocalories and absolute vs. relative intakes) to ensure
uniformity. A good practice, already followed by some studies,3%4®
may involve presenting results as relative amount of total grams and
kilocalories, both as continuous and categorical variables. Researchers
have also suggested that the implementation of the NOVA classifica-
tion system could be enhanced by incorporating tools that are specifi-
cally validated for its application.>” Moreover, the measurement and
operationalization of excess adiposity varies considerably across stud-

ies. This issue is not novel, as it has been previously pointed out that
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there are dissimilarities in terminology and measurement approaches
employed to examine excess adiposity in children, which can create
confusion within research.>® It is also worth noting that the adequacy
of BMI as a measure of health and excess adiposity has been increas-
ingly questioned,*”¢° especially in diverse populations of children.61¢?
Within this context, it is unsurprising there have been recent calls to
stop using BMI due to its potential for stigmatization and inadequate
reflection of health.®®%* Furthermore, there is a need to conduct stud-
ies that encompass diverse populations, as existing research focused
on the relationship between UPF consumption and excess adiposity
in young populations has primarily been carried out in Brazil. This limi-
tation may result in a restricted geographic representation and dietary
patterns that differ from other countries. Multicenter studies involving
multiple countries offer an opportunity to generalize findings to spe-
cific regions and better enhance global applicability.

Several limitations present in the included studies must be consid-
ered when interpreting our findings. First, most of them were cross-
sectional studies, making it difficult to establish causal relationships
and examine associations over time. While some of these limitations
are addressed by the longitudinal cohort studies included in the
review, they do not consider potential changes in dietary patterns that
may contribute to changes in adiposity trajectories. Additionally, the
assessment of UPF exposure primarily relied on food frequency ques-
tionnaires or food records that were not originally designed to capture
detailed information on food processing (and were not always vali-
dated to the study population), potentially leading to UPF misclassifi-
cation.>” Moreover, studies relying on caregiver reports of child
dietary intake are prone to misreporting and social desirability bias,
which may introduce additional measurement errors. Another signifi-
cant limitation pertains to the lack of adjustment for relevant con-
founding factors in certain studies, such as physical activity (or energy
expenditure), dietary patterns, and socioeconomic status. As previ-
ously mentioned, it is important to acknowledge that most studies
were conducted in children or adolescents from Brazil, limiting the
generalizability of the results to other regions.

The present systematic review was also subject to a few limita-
tions. First, findings may be affected by publication bias. While we
made a concerted effort to be thorough in the selection of search
terms used for conducting the systematic review, it is possible that
given the vast terminology on excess adiposity, some keywords may
have been overlooked. In addition, the heterogeneity of the studies
encompassed variations in age range, outcome assessment, and oper-
ationalization/categorization of UPF consumption, which made it diffi-
cult to synthesize the results and, thus, prevented us from carrying
out a meta-analysis which may have offered stronger evidence on this
topic.

Nonetheless, this study represents, to date, the most comprehen-
sive and updated synthesis of observational studies examining the risk
of excess body weight resulting from UPF intake in children and ado-
lescents. It provides an extensive overview of the existing literature
on this topic, highlights study limitations that warrant improvement,
and identifies research gaps and opportunities for future

investigation.

5 | CONCLUSION

The existing scientific literature investigating the association
between high consumption of UPF and excess adiposity measures in
children and adolescents remains limited and heterogeneous. Conse-
quently, drawing definitive conclusions within this population con-
tinues to be a challenge. Given that methodological issues may lie
behind some of these inconsistencies, future studies should adopt
longitudinal designs with sufficiently extended follow-up periods,
account for relevant confounding factors, employ validated and stan-
dardized measurement tools to assess dietary exposure, ensure con-
sistent operationalization of variables, and encompass diverse
geographic contexts. Addressing such current research constraints
may shed better insights necessary to inform current and forthcom-
ing policy and practice interventions aimed at mitigating the increas-
ing prevalence of overweight and obesity in childhood and across

the life course.
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