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A B S T R A C T

Results from observational studies suggest that children and adolescents consuming ready-to-eat cereals (RTECs) have a healthier BMI and
lower odds of overweight and obesity than consumers of other breakfasts or breakfast skippers. However, randomized controlled trials in
children and adolescents are few and have been inconsistent in demonstrating a causal relationship between RTEC intake and body weight
or body composition. The objective of this study was to evaluate the effect of RTEC intake on body weight and body composition outcomes
in children and adolescents. Prospective cohort, cross-sectional and controlled trials in children or adolescents were included. Retrospective
studies and studies in subjects with disease, other than obesity, type-2 diabetes (T2D), metabolic syndrome, or prediabetes, were excluded. A
search in PubMed and CENTRAL databases yielded 25 relevant studies, which were qualitatively analyzed. Fourteen of the 20 observational
studies demonstrated that children and adolescents consuming RTEC have a lower BMI, lower prevalence and odds of overweight/obesity
and more favorable indicators of abdominal obesity than nonconsumers or less frequent consumers. Controlled trials were few and only one
reported a loss of 0.9 kg in overweight/obese children with RTEC consumption when accompanied by nutrition education. The risk of bias
was low for most studies, but six had some concerns or high risk. The results were similar with presweetened and nonpresweetened RTEC.
No studies reported a positive association of RTEC intake with body weight or body composition. Although controlled trials do not show a
direct effect of RTEC consumption on body weight or body composition, the preponderance of observational data supports the inclusion of
RTEC as part of a healthy dietary pattern for children and adolescents. Evidence also suggests similar benefits on body weight and body
composition regardless of the sugar content. Additional trials are needed to determine the causality between RTEC intake and body weight
and body composition outcomes.
PROSPERO Registration: CRD42022311805
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Statement of Significance
This systematic review provides an updated analysis of the most recent literature examining the relationship between RTEC intake and body
weight and body composition outcomes in children. The current review includes several new controlled trials and observational studies that have
been published since the last reviews in 2014–2016, as well as studies with RTEC consumed at all times of the day, not only at breakfast.
Abbreviations used: BMI, body mass index; OR, odds ratio; RCT, randomized controlled trial; RTEC, ready-to-eat cereal; SES, socioeconomic status; T2D, type-2
diabetes.
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Introduction

In many countries, ready-to-eat cereal (RTEC) is a convenient
and popular breakfast option, particularly for children.
Numerous observational studies in children and adolescents
have reported frequent consumers of RTEC to have higher diet
quality, including lower intakes of saturated fat and cholesterol,
and higher intakes of dietary fiber, thiamin, riboflavin, niacin,
pyridoxine, folate, vitamins A and D, calcium, iron, magnesium,
and zinc [1–8]. RTEC is also a major source of whole grain in the
diet as well as a driver for dairy intake, with the addition of milk
to RTEC accounting for ~25% of milk consumed by children and
adolescents [1, 9]. However, frequent consumers of RTEC may
also have higher intakes of refined grains and sugars, which
creates uncertainty around the potential dietary benefits of RTEC
[1, 10].

Results from observational and intervention studies have also
showed that RTECmay be associated with several health benefits
in children and adolescents, such as healthier BMIs, lower risk of
developing overweight/obesity, and improved cognitive and
academic performance [1, 10, 11]. Previous systematic reviews
examining the relationship between RTEC intake and body
weight and body composition outcomes in children typically
were limited to RTEC consumed only at breakfast [11, 12].
However, children and adolescents are more likely to consume
RTEC at other times of the day compared to adults, and many
observational studies do not indicate the time of RTEC con-
sumption [13]. Additionally, several new observational studies
and randomized controlled trials (RCTs) have been published
since the most recent systematic review [11]. Therefore, the
purpose of this systematic review is to provide an updated
analysis of data from both observational studies and controlled
trials in children and adolescents examining the relationship of
RTEC intake at any time of the day with outcomes related to
body weight and body composition.

Materials and methods

Literature search
This systematic review followed the Preferred Reporting

Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [14] and was registered with PROSPERO
(CRD42022311805). A comprehensive literature search was
performed using PubMed and CENTRAL databases to identify
English-language–published literature from the year 2000 to
February, 2022. Most studies on RTEC intake have been pub-
lished since 2000, so this timeframe encompassed most RTEC
research and was more likely to include studies with better
quality of reporting. The search was designed to identify publi-
cations of observational studies and controlled trials examining
RTEC intake (excluding hot cereals) and outcomes related to
body weight and body composition in adults and children. This
article includes findings in children and a second publication
includes findings in adults. Full search terms are provided in
Supplemental Table 1.
Inclusion and exclusion criteria
Inclusion criteria consisted of prospective cohort, cross-

sectional, and controlled intervention studies in human
162
subjects, where the primary exposure variable (observational
studies) or intervention arm (controlled trials) was RTEC. The
studies were also required to include a body weight outcome [for
example, BMI, BMI z-score, weight change, odds ratio (OR) for
overweight/obesity, prevalence of obesity] or body composition
outcome (for example, waist circumference, waist-to-height
ratio, percent body fat). Studies were excluded if they were
retrospective, case-control, single-arm (no control), or conducted
in vitro or in animals. Exclusion criteria also included studies in
pregnant or lactating women; studies in subjects with a chronic
disease, except for overweight/obesity, metabolic syndrome,
prediabetes, or type-2 diabetes (T2D); and intervention studies
in subjects taking medications that may impact weight or those
with a history of surgical interventions for weight loss. Studies
including hot cereal as an intervention or as part of observational
assessments of cereal intake were excluded, as were studies prior
to the year 2000.
Screening and data extraction
Titles and abstracts of articles collected through the search

were read and evaluated for potential inclusion according to the
inclusion/exclusion criteria. Full texts of potentially eligible
publications were obtained and reviewed by a member of the
research team (LMS). Inclusion of publications was determined
independently by two members of the research team (LMS and
MRD), and excluded publications were reviewed by the research
team for agreement. Publications that were unclear regarding
eligibility were also discussed among the research team to
determine inclusion or exclusion. After full-text review, PICO
(population, intervention, control, and outcome) data from
included manuscripts were extracted into a database by one
researcher (LMS) and verified for accuracy by a second
researcher (MRD). Any discrepancies were resolved by discus-
sion with the research team and referencing the original article.
Assessment of study quality
The risk of bias for observational studies was evaluated using

the NIH quality assessment tool (https://www.nhlbi.nih.gov/h
ealth-topics/study-quality-assessment-tools), which uses the
terms “good,” “fair,” and “poor” as indicators of study quality. All
controlled trials were randomized; therefore, the risk of bias for
each trial was assessed with the Cochrane Risk of Bias (ROB2)
tool for randomized trials using the appropriate tools for parallel
vs. cross-over studies [15]. For consistency in this review, the
terms in the ROB2 tool were used (for example, “low” risk of bias
¼ “good”, “some concerns” ¼ “fair”, “high” risk of bias ¼
“poor”).

Results

A flow diagram summarizing the literature search and re-
view process is shown in Figure 1. Ninety-one full-text articles
were identified in the search after title and abstract review. An
additional 36 articles were identified in reference lists of full-
text publications and systematic reviews. Seventy-six articles
did not meet the inclusion/exclusion criteria and were
excluded (Supplemental Table 2), leaving 51 publications for
inclusion in the systematic review. Twenty-five publications
included children and/or adolescents (2–18 y) and are

https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools


Figure 1. Flow chart of study selection for the systematic review of RTEC intake and body weight/body composition outcomes in children and
adolescents.*Two publications contained data in adults and children and were included in both reviews.
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reviewed in this article. The remaining publications included
adults (�18 y) and are reviewed in a separate article. Two
publications included data in adults and children and are
included in both reviews.

There were 20 observational studies [2, 4, 5, 16–32] and five
RCTs [33–37] evaluating the relationship of RTEC with body
weight and body composition outcomes. Most observational
studies were cross-sectional in design, with only two prospective
analyses from cohorts or longitudinal intervention studies [17,
22]. Most of the RCTs employed a parallel design, with one
utilizing a cross-over design [36].
RTEC intake and body weight/body composition
outcomes in observational studies in children and
adolescents

Eighteen cross-sectional analyses were conducted in children
and/or adolescents primarily in European countries and the US
[2, 4, 5, 16, 18, 19, 21, 23–32, 38] (Table 1). Twelve of these
studies reported an inverse association of RTEC intake and body
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weight and/or body composition outcomes [2, 5, 18, 19, 23–28,
32, 38], whereas six studies reported no association [4, 16, 21,
29–31]. No studies reported a positive association of RTEC and
body weight or body composition outcomes. Table 2 provides a
summary of the observational studies for each outcome. There
were considerable differences in study designs, with some
studies assessing RTEC consumers vs. nonconsumers; RTEC
consumption at breakfast vs. non-RTEC breakfasts and/or
breakfast skippers; breakfast patterns including RTEC vs. pat-
terns excluding RTEC; and quantiles of the amount of RTEC or
frequency of consumption. Outcomes reported also varied,
although most studies reported BMI or BMI z-score, followed by
prevalence of overweight/obesity, OR of overweight/obesity,
and waist circumference. Fewer studies included the outcomes of
body weight, waist: height and waist: hip ratios, and measures of
fat mass.

The most reported body weight outcome was BMI or BMI z-
score, with two studies reporting lower BMI in RTEC consumers
than nonconsumers [19, 26], five studies reporting lower BMI in
children and adolescents consuming RTEC breakfasts than



Table 1
Summary of observational studies on RTEC intake and body weight/body composition outcomes in children and adolescents

Reference Design Subjects Dataset and
location

Risk of
bias

Groups Outcomes Key findings

Affenito et al.,
2013 [16]

Cross-
sectional

2298 children
and
adolescents
(5–18 y)

School
Nutrition
Dietary
Assessment
Study
(2004–2005),
United States

Low 1) bf skippers
2) Out of school non-
RTEC bf
3) Out of school RTEC
bf
4) In school—non-
RTEC bf
5) In school—RTEC bf

BMI
BMI z-score
% ow/ob

No difference in BMI
or BMI z-score
between RTEC bf and
non-RTEC bf or bf
skipper
No difference in %
ow/ob between
groups

Albertson et al.,
2009 [17]

Prospective
analysis of
longitudinal
RCT

660 children
(8–10 y) at
baseline

Dietary
Intervention
Study in
Children
(1987–1996),
United States
Follow-up: 7.5 y

Some
concerns

RTEC frequency
0, 1, 2, or 3 d of recall

BMI
BMI z-score

RTEC frequency
inversely related to
BMI in boys only
lowers BMI with 3
d RTEC compared to
0 d RTEC
No difference in BMI
z-score

Albertson et al.,
2003 [18]

Cross-
sectional

603 children
(4–12 y)

NHANES
(1989–1996)
National Eating
Trends
(1998–1999),
United States

High RTEC frequency over
14 d
1) �3 svg
2) 4–7 svg
3) �8 svg

BMI
% ow

RTEC frequency
inversely related to
BMI
BMI different in each
group
RTEC frequency
inversely related to %
ow% ow higher in� 3
svg compared to other
groups

Albertson et al.,
2013 [4]

Cross-
sectional

4737 children
(4–12 y)

NHANES
(2003–2008),
United States

Low 1) Food-secure RTEC
2) Food-secure non-

RTEC
3) Food-insecure

RTEC
4) Food-insecure non-

RTEC

BMI z-score
Waist: height
ratio

no difference in BMI z-
score between groups
no difference in waist:
height ratio between
groups

Albertson et al.,
2011 [19]

Cross-
sectional

8848 children
and
adolescents
(6–18 y)

NHANES
(2001–2006),
United States

Low RTEC consumers
divided into tertiles of
sugar content
1) <17 g/100g
2) 17–33 g/100 g
3) >33 g/100 g
4) Non-RTEC

BMI
BMI for age
Waist: hip ratio
% ow/ob

All groups of
sweetened RTEC had
lower BMI and BMI for
age than the non-
RTEC group
All groups of
sweetened RTEC had
lower %ow/ob than
the non-RTEC group
Top two tertiles of
sugar intake had
lower waist: hip ratio
than the non-RTEC
group

Castillo
Valenzuela et
al., 2015 [38]

Cross-
sectional

1477 children
(6–13 y)

NA
(2009–2010),
Chile

Low 1) No RTEC
2) 1–29 g/d
3) 30–59 g/d
4) �60 g/d

BMI
BMI z-score
Waist
circumference
OR ow/ob

BMI, BMI z-score,
waist circumference,
and OR ow/ob
inversely related to
RTEC servings (BMI
subgroup—low SEL
no relationship, high
SEL inverse
relationship)

Deshmukh-Taskar
et al., 2010 [2]

Cross-
sectional

4320 children
and
adolescents
(9–13 y and
14–18 y)

NHANES
(1996–2006),
United States

Low 1) bf skippers
2) RTEC bf
3) Non-RTEC bf

BMI for age
Waist
circumference
% ob

RTEC bf had lower
BMIz-score and waist
circumference
compared to bf
skippers and non-
RTEC bf

(continued on next page)
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Table 1 (continued )

Reference Design Subjects Dataset and
location

Risk of
bias

Groups Outcomes Key findings

9–13 y RTEC bf had
lower % ob compared
to bf skippers
14–18 y RTEC bf had
lower %ob compared
to bf skippers and non-
RTEC bf

Frantzen et al.,
2013 [22]

Prospective
analysis of
longitudinal
RCT

625 children
(9–12 y)
78% Mexican
American
62% low-
income

Bienestar
Diabetes
Prevention
Program
(August,
2001–May,
2004), United
States
Follow-up: 3 y

Low 1) No RTEC bf
2) 1-d RTEC bf
3) 2-d RTEC bf
4) 3-d RTEC bf

BMI BMI inversely related
to RTEC frequency

Kafatos et al.,
2005 [23]

Cross-
sectional
analysis of
longitudinal
RCT

392
adolescents
Mean: 15 y

NA
(2001–2002),
Greece

Low 1) RTEC
nonconsumers (<1
time/wk)

2) Occasional RTEC
(1–4 times/wk)

3) Daily RTEC (�5
times/wk)

BMI
Waist
circumference
Waist: hip
Waist: height

BMI inversely related
to RTEC frequency
Waist circumference
and waist: hip
inversely related to
RTEC frequency
No relationship of
waist: height to RTEC
frequency

Kosti et al., 2007
[24]

Cross-
sectional

2008
adolescents
(12–17 y)

Vyronas Study
(2004–2005),
Greece

Some
concerns

1) RTEC consumers
2) RTEC

nonconsumers

% RTEC
consumers by
wt status
OR ow/ob

ow/ob adolescents
were less likely to
consume RTEC
compared to normal
wt adolescents
RTEC consumers had
lower odds of being
ow/ob

Kosti et al., 2008
[25]

Cross-
sectional

2008
adolescents
(12–17 y)

Vyronas Study
(2004–2005),
Greece

Some
concerns

RTEC consumption
1) Never/rare
2) 1–3 times/mo
3) 1 time/wk
4) 2–6 times/wk
5) Daily
6) >2 svgs/d (>80 g)
Presweetened vs.
nonpresweetened

BMI
OR ow/ob

BMI was lower in
daily or >2 svg/
d RTEC compared to
never/rare
consumption
BMI inversely related
to RTEC frequency in
girls, but only
approached
significance in boys
(P¼ 0.08)
BMI lower in
consumers of
presweetened RTEC
vs. nonpresweetened
RTEC and vs. no RTEC
OR ow/ob lower in
adolescents choosing
RTEC as a first choice
for bf

Michels et al.,
2015 [26]

Cross-
sectional

1215
adolescents
(12.5–17.5 y)

HELENA
European Study
(2006–2007),
Europe

Low 1) RTEC
nonconsumers (<1
time/wk)

2) Occasional RTEC
(once/wk)

3) Frequent RTEC
(2–4 times/wk)

4) Daily RTEC (5–6
times or daily/wk)

BMI z-score
Waist
circumference
Waist: hip
% Body fat
OR ow

Daily RTEC consumers
had lower BMI z-
score, % body fat, and
waist circumference
than nonconsumers
Frequent and daily
RTEC consumers had
lower odds of ow
compared to
nonconsumers
No effect of RTEC
frequency on waist:
hip ratio

(continued on next page)
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Table 1 (continued )

Reference Design Subjects Dataset and
location

Risk of
bias

Groups Outcomes Key findings

Miller et al., 2013
[27]

Cross-
sectional

6729 children
and
adolescents
(2–5 y, 6–11 y,
12–17 y)

NHANES
(2003–2006),
United States

Low 1) Presweetened
RTEC (�9g sugar/
svg)

2) Nonpresweetened
RTEC (<9g sugar/
svg)

3) bf skippers
4) Non-RTEC bf

BMI, BMI for
age
Waist
circumference
% ow/ob
OR ow/ob

2–5 y: presweetened
RTEC consumers had
lower % ow/ob and
lower OR ow/ob vs. bf
skippers
-nonpresweetened
RTEC consumers had
lower body weight
than non-RTEC bf
6–11y: presweetened
RTEC consumers had
lower BMI and BMI for
age vs. skippers and
non-RTEC bf
12–17 y:
presweetened RTEC
and nonpresweetened
RTEC consumers had
lower BMI, BMI for
age, and waist
circumference vs.
skippers and non-
RTEC bf
Presweetened RTEC
consumers had lower
body weight, % ow/
ob, and OR ow/ob vs.
bf skippers and non-
RTEC bf

O’Neil et al., 2012
[28]

Cross-
sectional

5096 children
and
adolescents
(4–8 y, 9–13 y,
14–18 y)

NHANES
(1999–2002),
United States

Low 1) Presweetened
RTEC (�6 g/svg)

2) Nonpresweetened
RTEC (<6 g/svg)

3) Non-RTEC
breakfasts

BMI, BMI for
age, weight z-
score, waist
circumference

9–13 y and 14–18 y:
nonpresweetened
RTEC consumers had
lower BMI and BMI for
age vs. non-RTEC bf
No difference with
presweetened RTEC
14–18 y:
nonpresweetened
RTEC consumers had
lower weight z-score
and WC than non-
RTEC bf
No difference with
presweetened RTEC
4–8 y: no effects of
RTEC

O’Neil et al., 2015
[5]

Cross-
sectional

14, 200
children and
adolescents
(2–18 y)

NHANES
(2001–2008),
United States

Low 20 different patterns
including
1) presweetened

RTEC (� 6 g/svg)
þlow-fat milk

2) presweetened
RTECþwhole milk

3) nonpresweetened
RTEC (< 6 g/svg)
þ low-fat milk,

4) nonpresweetened
RTEC þwhole milk

5) bf skippers

BMI z-score
BMI
% ow/ob
OR ow/ob

Presweetened RTEC þ
whole milk and
nonpresweetened
RTEC þ whole milk
had lower BMI z-score
and BMI than bf
skippers
Presweetened RTEC þ
whole milk,
nonpresweetened
RTEC þ whole milk,
and nonpresweetened
RTEC þ low-fat milk
had lower % ow/ob
and lower OR ow/ob
vs. bf skippers

Panagiotakos
et al., 2008 [29]

Cross-
sectional

700 children
(10–12 y)

PANACEA
Study
(2005–2006),
Greece

Low 1) RTEC most
frequently chosen
at bf

% ow/ob
OR ow/ob

Girls with more
frequent RTEC
selection had lower
OR ow/ob vs. more

(continued on next page)
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Table 1 (continued )

Reference Design Subjects Dataset and
location

Risk of
bias

Groups Outcomes Key findings

2) Non-RTEC most
frequently chosen
at bf

frequent non-RTEC
selection
No effect of RTEC
frequency on % ow/
ob

Papoutsou et al.,
2014 [30]

Cross-
sectional

1558 children
(4–8 y)

IDEFICS Study
(2007–2008),
Cyprus

Some
concerns

1) RTEC bf
2) Milk only bf
3) Pastry bf
4) Other non-RTEC bf

BMI
BMI z-score
Waist
circumference
Waist: hip
Waist: height

No differences by bf
type

Vatanparast et al.,
2019 [31]

Cross-
sectional

6189 children
and
adolescents
(2–12 y and
13–18 y;
bootstrapped to
entire
population)

Canadian
Community
Health Survey
(2015), Canada

Low 1) RTEC consumers
2) RTEC

nonconsumers

BMI z-score No differences in BMI
z-score by RTEC
consumption

Williams et al.,
2009 [32]

Cross-
sectional

1389 children
(1–12 y;
African
American)

NHANES
(1999–2002),
United States

Low 1) bf skippers
2) RTEC bf
3) Non-RTEC bf

BMI
BMI for age
BMI z-score
Waist
circumference
% ow/ob

RTEC bf consumers
had lower BMI and
waist circumference
than bf skippers and
non-RTEC bf
consumers
RTEC bf consumers
had lower % ow/ob
vs. bf skippers

bf, breakfast; NA, not available; OR, odds ratio; RTEC, ready-to-eat cereal; ow/ob, overweight/obese.
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non-RTEC breakfast and/or breakfast skippers [2, 5, 27, 28, 32],
and four studies reporting an inverse relationship of BMI with
the amount or frequency of RTEC consumption [18, 23, 25, 38].
The amounts of RTEC evaluated differed substantially, as
Albertson et al. [18] evaluated servings (based on age and sex)
consumed over 14 d (� 3 svg, 4–7 svg,� 8 svg), whereas Castillo
et al. [38] evaluated the relationship of BMI with grams
Table 2
Summary of outcomes in observational studies on RTEC intake and
body weight/body composition outcomes in children and adolescents

Outcome Inverse
association

No
association

Positive
association

All RTEC
BMI or BMI z-
score

13 4 0

Prevalence ow/
ob

7 2 0

Odds ratio ow/
ob

7 0 0

Abdominal
obesity

7 2 0

Presweetened RTEC
BMI or BMI z-
score

4 1 0

Prevalence ow/
ob

0 1 0

Odds ratio ow/
ob

0 2 0

Abdominal
obesity

2 0 0

BMI, body mass index; ow/ob, overweight/obesity; RTEC, ready-to-eat
cereal

167
consumed in 1 d (0 g, 1–29 g, 30–59 g, �60 g). Similarly, the
measures of frequency of RTEC consumption also differed.
Kafatos et al. [23] evaluated tertiles of weekly consumption (<1
time/wk, 2–4 times/wk, �5 times/wk), and Kosti et al. [25]
examined the categories of consumption from days to months
(<1 time/mo, 1–3 times/mo, 1time/wk, 2–6 times/wk, daily,
>2 svg (40 g)/d). Four studies reported no association of RTEC
consumption with BMI [4, 16, 30, 31], with two studies
comparing RTEC consumers to nonconsumers [4, 31] and two
studies comparing RTEC breakfasts to other breakfasts and/or
breakfast skippers [16, 30].

Studies examining the prevalence of overweight/obesity and
OR for overweight/obesity report similar findings to BMI out-
comes. Of the nine studies evaluating the prevalence of over-
weight/obesity in children and adolescents [2, 5, 16, 18, 19, 24,
27, 29, 32], all but two [16, [29]] found a lower prevalence of
overweight/obesity in RTEC consumers than nonconsumers or
less frequent RTEC consumers. Children and adolescents
consuming RTEC also consistently have significantly lower OR
for overweight/obesity, ranging from 26% to >50%, than non-
consumers [5, 24–27, 29, 38], and Panagiotakos et al. [29] found
this relationship in girls but not in boys. All studies adjusted for a
variety of potential confounders.

Several studies also assessed the differences in body weight
outcomes with presweetened RTEC compared to non-
presweetened RTEC or categorized RTEC consumers by tertiles
of sugar content in the cereal [5, 19, 25, 27, 28]. For most
studies, presweetened RTEC was considered any RTEC with
�6–9 g of added sugar/svg [5, 27, 28]. Kosti et al. [25] defined
presweetened RTEC as any RTEC containing sugar, and
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Albertson et al. [19] examined the tertiles of RTEC containing
<17%, 17–33%, and >33% sugar by weight. Generally, these
studies reported that children consuming presweetened RTEC,
regardless of the amount of sugar content (up to 33 g/100 g or
~10 g/svg), have a lower BMI than children consuming other
breakfasts or skipping breakfast [5, 19, 25, 27], and one study
[28] reported no difference in BMI between presweetened RTEC
consumers and non-RTEC breakfast consumers. Three studies
compared presweetened RTEC to nonpresweetened RTEC and
reported either no difference in BMI [27, 28] or a lower BMI in
presweetened RTEC consumers compared to nonpresweetened
RTEC consumers [25]. Miller et al. [27] found an inverse rela-
tionship of presweetened RTEC and BMI percentile in older
children (6–11 y) and adolescents (12–17 y), but not in young
children (2–5 y). O’Neil et al. [5] also reported a relationship
between presweetened RTEC and BMI when whole milk was
consumed with the RTEC, but not when low-fat milk was
consumed. Three studies reported no differences in prevalence
or odds ratio for overweight/obesity based on the sugar content
of RTEC [5, 19, 27].

Nine studies assessed the indicators of abdominal obesity,
including waist circumference, waist: height, and waist: hip [2, 4,
19, 23, 26, 27, 30, 32, 38]. Five of these studies reported smaller
waist circumference and/or waist: height ratio in children
consuming RTEC compared to nonconsumers, breakfast skippers,
or consumers of non-RTEC breakfasts [2, 19, 26, 27, 32], and two
of these studies reported an inverse association of waist circum-
ference and/or waist: height ratio with the amount or frequency of
RTEC intake [23, 38]. Similar to the BMI results, Miller et al. [27]
found the relationship of RTEC intake and waist circumference
Table 3
Summary of RCTs on RTEC intake and body weight/body composition out

Reference Subjects Location Risk of
bias

Treatment C

Boutelle
et al.,
[33]

30 ow/ob
children
(8–12.9 y)

United
States

Some
concerns

RTEC bf 5 d/wk 2
5

Donin
et al.,
[34]

261 children
(9–10 y)

United
Kingdom

Low High-fiber
RTEC daily

L
R

Leidy
et al.,
[35]

54 bf skipping,
ow/ob
adolescents
(13–20 y)

United
States

Low RTEC bf daily E
d

Maki et al.,
[36]

18 children
(6–14 y) LDL �
110 mg/dL

United
States

Low Whole grain
RTEC twice
daily

R
R
d

Rosado
et al.,
[37]

178 ow/ob
children
(6–12 y)

Mexico Low RTEC daily
RTEC twice
daily RTEC
daily þ nutr
education

U

bf, breakfast; nutr, nutrition; ow/ob, overweight/obese; RTEC, ready-to-ea
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only in adolescents 12–17y, but not in younger children. Two
studies reported no relationship between RTEC intake and mea-
sures of abdominal obesity [4, 30]. Albertson et al. [19] andMiller
et al. [27] reported that the relationship of RTEC with abdominal
obesity was independent of the sugar content of the cereal. Two
studies assessed fat mass based on skinfolds [21, 26], and one
reported that daily RTEC consumers had significantly lower
percent body fat than nonconsumers [26]. The other study re-
ported numerically lower fat mass index in RTEC groups than that
of other breakfast and breakfast skippers, but did not report sta-
tistical comparisons between the groups [21].

There were two prospective studies in children that were
secondary analyses of longitudinal RCTs in the US [17, 22]
(Table 1). Albertson et al. [17] examined the association of RTEC
with BMI in 660 children over 7.5 y (~9.5 y of age at baseline) in
the Dietary Intervention Study in Children, which was designed
to test the impact of a low-fat diet on low density lipoprotein
cholesterol reduction in children. BMI and dietary intake were
assessed at 1, 3, 5, and 7.5 y of follow-up and the results
demonstrated a significant inverse relationship of BMI with
increasing frequency of RTEC consumption in boys, but not in
girls. Similarly, Frantzen et al. [22] reported a significant inverse
relationship of BMI with the increasing frequency of RTEC con-
sumption in low-income, minority children at the risk of devel-
oping T2D, who were followed for 3 y. Neither prospective study
considered the sugar content of cereals in their analyses, but
Albertson et al. [17] found an increase in sugar intake in boys as
RTEC frequency increased. Furthermore, Frantzen et al. [22]
reported that the majority of the RTEC consumed by adolescents
in the study were presweetened.
comes in children and adolescents

omparator Duration Outcomes Key findings

egg bf
d/wk

120 d
(~4 mo)

BMI z-
score

No difference in BMI z-score
between or within treatments\

ow-fiber
TEC daily

30 d
(1 mo)

Body
weight
% Fat mass

No difference between
treatments
Did not report within treatment
outcomes

gg þ pork bf
aily no bf

12 wk
(~3 mo)

Body
weight
BMI
Lean mass
Fat mass
% Body fat

No difference in body weight,
BMI, or fat/lean mass outcomes
between treatments or within
treatments

efined grain
TEC twice
aily

4 wk
(~1 mo)

Body
weight

No difference in body weight
between treatments
Did not report within treatment
outcomes

sual diet 12 wk
(~3 mo)

Weight
change
BMI
% Fat mass
% Fat free
mass

RTEC þ nutr education lost
more weight and had lower
BMI compared to all other
interventions RTEC þ nutr
education had lower% body fat
than daily RTEC and usual diet,
but not RTEC twice daily
Body weight increased in RTEC
daily and twice daily

t cereal
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RTEC intake and body weight/body composition
outcomes in randomized controlled trials in
children and adolescents

Five RCTs evaluating the impact of RTEC on body weight and
body composition outcomes in children were identified [33–37]
(Table 3). Two long-term RCTs (3–4 mo) compared daily RTEC
breakfasts with egg-based or high-protein breakfasts in over-
weight/obese children and adolescents and found no difference in
body weight, BMI, and/or fat mass between the RTEC interven-
tion and the egg-based or high-protein breakfast [33, 35]. How-
ever, Boutelle et al. [33] reported a moderate but significant
decrease in BMI z-score in children within the RTEC and
egg-based breakfast groups over the 4-mo study period (both
treatments also received nutrition and physical activity educa-
tion). One RCT in 178 overweight/obese children in Mexico re-
ported daily RTEC consumption over 12 wk, compared with a
usual breakfast, contributed to weight loss (0.9 kg) and lower
percent body fat when combined with nutrition education,
whereas when RTEC was provided daily, or twice daily, without
nutrition education, children gained 0.9 kg over the 12 wk [37].
Two short-term studies (1 mo) compared high-fiber and low-fiber
RTECs with the primary outcome of increasing cereal fiber intake
[34] or reducing blood lipids [36]. Bodyweight and fat mass were
secondary outcomes, and neither study demonstrated a significant
change in these measures over the short study period.

Most RCTs utilized nonpresweetened cereals, although one
study did not report the type of RTEC. Interestingly, the one
study that found a benefit of RTEC for weight loss when com-
bined with nutrition education included presweetened RTEC,
but it was limited to 3svg/wk [37].
Study quality
Risk-of-bias assessments for observational studies and RCTs

are included in Tables 1 and 3, respectively. Most observational
studies in children had a low risk of bias, although five were
determined to have some concerns or high risk. Concerns about
bias were typically the lack of statistical consideration of po-
tential confounding variables, a loss to follow-up of >20%, or
self-reporting of body weight outcomes. Among RCTs, four
studies were determined to have a low risk of bias and one posed
some concerns due to high attrition (40%).

Although not formally evaluated in the standardized risk of
bias assessments, the funding source was also considered.
Twelve observational studies were funded by the food industry
or included food industry authors, and seven were funded
through governmental health organizations (for example, NIH,
Diabetes UK) or research foundations. One study did not report
the funding source. Overall, 75% and 71% of the observational
studies that were funded by the food industry and other sources,
respectively, reported an inverse relationship between RTEC and
body weight and/or body composition–related outcomes. Four
of the five RCTs were funded by the food industry and among
these, three reported a neutral effect of RTEC on body weight
and/or body composition.

Discussion

The results of this systematic review demonstrate consistent
evidence from observational studies that children and
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adolescents consuming RTEC have lower BMI, lower prevalence
of overweight/obesity, lower odds of overweight/obesity, and
more favorable indicators of abdominal obesity such as waist
circumference. However, there were substantially fewer RCTs
compared to observational studies, and most of these studies did
not report differences in body weight or body composition with
RTEC intake in children and/or adolescents. The only RCT that
reported significant improvements in body weight and body
composition with RTEC consumption included a combined
intervention of nutrition education with daily consumption of
RTEC on weight loss [37]. The results of this review are consis-
tent with those from previous systematic reviews and
meta-analyses [1, 10, 12].

Although observational studies were more consistent in sup-
porting an inverse relationship of RTEC to body weight and body
composition, they also have limitations. Observational studies
rely on 24-h recalls of dietary information or food frequency
questionnaires that are prone to measurement error, andmay not
accurately reflect typical intake. Furthermore, most observa-
tional studies in this review were cross-sectional, which do not
track dietary changes and body weight or body composition
outcomes over time. However, the two prospective studies
included in this review that followed children for 3 y and 7.5 y
reported an inverse relationship of RTEC consumption frequency
with BMI [17, 22]. One of the most important limitations of the
observational studies is residual confounding from numerous
potential covariates. Almost all observational studies in this re-
view included several different covariates, such as age, sex, race,
physical activity, energy intake, socioeconomic status (SES),
dairy intake, and others, yet still, there may have been residual
confounding that is unaccounted for with these covariates.

Energy intake was one of the most frequently used cova-
riates, yet several observational studies evaluating energy
intake in RTEC consumers reported mixed results. Some studies
reported an increase in energy intake with increasing RTEC
frequency or compared to breakfast skippers [2, 3, 32, 38],
whereas others indicated lower energy intake or no difference
with increasing frequency of RTEC consumption [17, 18, 26,
31]. These differing findings may be partially due to the
comparator (for example, breakfast skippers vs. consumers of
non-RTEC breakfasts) or the varying sugar contents of cereals.
In the current review, the inverse association of RTEC intake
with body weight and body composition outcomes did not
differ by the sugar content of the cereal [5, 19, 25, 27], nor did
the outcomes differ between presweetened and non-
presweetened RTEC consumers [27, 28] despite higher energy
intake among presweetened RTEC consumers. Thus, there may
be other mechanisms beyond energy intake that can explain the
observed favorable associations of RTEC with body weight and
body composition outcomes.

In addition to energy intake, energy expenditure in the form
of physical activity may also confound the findings of observa-
tional studies. Studies have reported that children who eat cereal
more frequently are also more likely to be physically active and
less likely to engage in sedentary behaviors, such as television
watching [1, 39, 40]. Thus, RTEC intake may be an indicator of
other healthy lifestyle habits. In the current review, studies
examining physical activity were mixed with some reporting
greater physical activity in RTEC consumers [2, 23, 26], whereas
others report no difference [29, 38] Additionally, observational
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studies that included a covariate for physical activity still found
an effect of RTEC on body weight and/or body composition [2, 5,
17, 24–26, 29], suggesting that the benefits of RTEC may be
independent of physical activity.

Socioeconomic status is also frequently used as a covariate,
yet, in this review, studies were mixed on the impact of SES. Two
studies reported no association of RTEC and body weight or body
composition among children with food insecurity or low SES [4,
38], whereas another study reported an inverse association with
body weight [22]. Similarly, one study reported that breakfast
skippers were more likely to have lower SES [2], whereas
another study reported greater RTEC consumption by lower SES
children [26].

Additional potential confounders in observational studies
include other aspects of dietary intake, such as overall diet
quality, milk consumption that often accompanies RTEC intake,
and whole grain intake. Some studies reported better dietary
quality in RTEC consumers [5, 26, 31, 38], higher whole grain
intake [4, 16, 19, 31], and higher milk intake or contribution of
RTEC to milk intake [4, 31], all of which might contribute to a
healthy body weight [41–45]. After adjustment for these con-
founders, studies still report an inverse association of RTEC on
body weight and/or body composition outcomes [5, 19, 26, 38].
However, it is challenging to fully account for dietary differences
in statistical analyses, so there may be residual confounding and
these potential mechanisms should be further evaluated in RCTs.

The RCTs included in this review also have some limitations.
First, these studies were often small and of short duration (�4
mo), and thus, longer studies (�16 wk) are needed. Clinical trials
should also consider examining many of the confounders dis-
cussed previously when designing clinical trials. For example,
studies evaluating diverse types or RTEC with or without milk
consumption may help clarify the potential relationship of whole
grain or milk contribution with body weight and body compo-
sition outcomes. In this review, two studies included whole grain
or high-fiber RTEC in interventions but were short term (~1
mo), so more long-term studies are needed [34, 36]. The
comparator diet should also be carefully considered. Some RCTs
compared a RTEC breakfast to an egg-based or high-protein
breakfast [33, 35], both of which may have been different than
a typical breakfast for the subjects; thus, studies that use a typical
breakfast as a control are also needed. Controlling for energy
intake and physical activity is also critical, particularly since the
one RCT demonstrating a benefit of RTEC intake on body weight
and body composition did not measure energy intake or physical
activity [37], so it is unclear how these variables may have
contributed to the results.

Most studies in this review had low risk of bias or some
concerns about risk of bias. One observational study was
considered high risk due to the lack of covariates in the analysis,
merging of different datasets for intake and serving size, and the
use of self-reported body weights. There is possible publication
bias as most studies reported inverse relationships of RTEC and
body weight or body composition outcomes; however, industry
funding did not appear to influence the outcome of studies, as a
similar proportion of industry-funded and government/
foundation-funded studies reported inverse relationships of
RTEC and body weight or body composition outcomes.
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The strengths of this systematic review include broad inclu-
sion criterion (for example, RTEC at any time of the day) to
capture as many studies as possible, a search in more than one
database, inclusion of studies published since 2000 to have the
most up-to-date findings, and a risk-of-bias analysis. However,
this review was limited by geographical location as most studies
were conducted in developed countries of North America and
Europe. This geographical limitation may have been due to En-
glish language limitations in the search, which may have
excluded articles published in countries where English is not a
primary language. RTEC is not a frequently consumed food in
some countries and many countries also do not have national
dietary datasets or cohorts, which may have contributed to fewer
studies from other countries. Although not in the original scope
of the work, a meta-analysis may have provided a more quanti-
tative assessment of the results but would likely be difficult to
interpret, considering the heterogeneity of study designs, pop-
ulations, comparators, and outcome measures. Additionally, the
low number of RCTs would make a meaningful meta-analysis
with appropriate subgroup analyses challenging.

In conclusion, evidence from cross-sectional and prospective
studies suggests that children and adolescents who consume
RTEC have a healthier BMI, lower prevalence and odds of
overweight/obesity, and improvements in markers of adiposity,
such as waist circumference. Although there are many potential
confounders, none seem to be able to fully account for the body
weight and body composition benefits of RTEC intake. Further-
more, the outcomes were similar for presweetened and non-
presweetened RTEC consumers, suggesting that the sugar
content of cereals does not contribute to increases in body weight
or unfavorable changes in body composition. However, RCTs do
not confirm the benefits of RTEC on body weight and body
composition observed in epidemiological studies unless nutrition
education is also incorporated into the intervention. Thus, RTEC
may be an indicator of a healthy diet and lifestyle in children,
rather than having a direct effect on body weight and composi-
tion, although direct effects are plausible. Considering the limi-
tations of cross-sectional studies, additional prospective and
longer-term RCTs are necessary to further elucidate the rela-
tionship of RTEC intake with body weight and body composition
in children and adolescents.
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