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Abstract

Objective: To review systematically the evidence on breakfast cereal consumption and obe-
sity in children and adolescents and assess whether the regular consumption of breakfast
cereals could help to prevent excessive weight gain. Methods: A systematic review and meta-
analysis of studies relating breakfast cereal consumption to BMI, BMI z-scores and prevalence
of obesity as the outcomes. Results: 14 papers met the inclusion criteria. The computed effect
size for mean BMI between high consumers and low or non-consumers over all 25 study sub-
groups was —1.13 kg/m? (95% CI-0.81, -1.46, p < 0.0001) in the random effects model, which
is equivalent to a standardised mean difference of 0.24. Adjustment for age and publication
bias attenuated the effect sizes somewhat but they remained statistically significant. The
prevalence and risk of overweight was lower in children and adolescents who consume break-
fast cereals regularly compared to those who consume them infrequently. Energy intakes
tended to be higher in regular breakfast cereal consumers. Conclusion: Overall, the evidence
reviewed is suggestive that regular consumption of breakfast cereals results in a lower BMI
and a reduced likelihood of being overweight in children and adolescents. However, more
evidence from long-term trials and investigations into mechanisms is needed to eliminate
possible confounding factors and determine causality. Copyright © 2013 S. Karger GmbH, Freiburg

Introduction

Franz Kafka’s observation in his novel, Metamorphosis, that ‘breakfast is the most
important meal of the day’ [1] has become deeply ingrained in the public mind. Indeed, no
other meal has been the subject of as much research into its possible benefits. Nevertheless,
it is still uncertain whether the possible benefits of breakfast are due to the particular types
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of food consumed or whether it is the timing of the meal which is important. Eating whole-
grain breakfast cereals has been associated in prospective studies with lower risks of cardio-
vascular disease (CVD) and total mortality, diabetes, hypertension and weight gain in men
[2-4]. Other studies have found that eating breakfast cereals regularly is associated with
better micronutrient intakes and a healthier macronutrient profile [5]. However, not all
breakfast meal types are associated with health benefits [6]. In 2007, we published the
evidence from a systematic review for a relationship between regular breakfast cereal
consumption and mean BMI, weight gain and risk of obesity. We concluded that, while there
was consistent evidence of an inverse association between them, there was limited evidence
for any proposed mechanism and that the observed association might have arisen from
confounding [7].

Since that review, a number of new studies in children and adolescents have been
published. Adolescence is a time when breakfast skipping becomes more common [8], and
eating habits laid down during this growing period are likely to continue into adulthood.
These studies therefore offer the possibility of looking at the relationship between breakfast
cereal consumption and better energy balance in the context of a different physiological state
to that in adults. Our focus in this review is on the prevention of obesity in children and
adolescents. Whilst there are intervention studies that have looked at the effectiveness of
using additional breakfast cereals as a meal replacement strategy for weight loss in children
[9], we decided to limit our review to breakfast cereals eaten at breakfast time, insofar as it
was possible to distinguish this, in order to look at the effectiveness of this potential simple
sustainable dietary strategy for the long-term prevention of excessive weight gain.

We followed the AMSTAR guidelines [10] in compiling this review which require
systematic reviews to have an a priori design, carry out duplicate study selection and data
abstraction, tabulate the characteristics of included studies, assess the scientific quality of the
included studies, use appropriate methods to combine data, examine the likelihood of publi-
cation bias and document conflicts of interest.

Search Protocol
Search Strategy

Three databases were searched for relevant papers published since 1990: Medline and
Embase were searched in November 2011, and the Cochrane Central Register of Controlled
Trials was searched in February 2012.

The exposure search terms used were ‘breakfast cereals’ and ‘ready-to-eat-cereals’
(RTEC). The outcome search terms were: ‘weight’, ‘body mass index’, ‘BMI’, ‘weight gain’,
‘overweight’, ‘obesity’ and ‘adiposity’. All combinations of exposure and outcome terms were
searched and duplicate references removed. The title and abstract of all identified papers
were retrieved and imported into Endnote. Recentreviews [11, 12] and included publications
were also hand-searched for additional references.

Study Selection
Two reviewers (AdIH and MA) independently reviewed and selected relevant studies
from the title and abstracts of the identified papers according to previously agreed inclusion

and exclusion criteria. Any disagreement was discussed and resolved. The full text of the
paper was obtained when it was unclear from the abstract whether it should be included.
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Table 1. The numbers of papers excluded by exclusion criteria

Exclusion criteria (from 160 potentially relevant papers) Number of papers excluded
Not a primary study 5

Not in humans 18

Does not look at breakfast cereals 9

Does not have BMI, % overweight or obese or weight gain as an outcome 97

Uses breakfast cereal as the vehicle for another intervention 6

Includes additional breakfast cereals consumed other than at breakfast time 4

Not in children or adolescents 7

Included Papers 14

Inclusion Criteria

¢ Primary studies in humans, either cross-sectional, prospective or intervention,
published in peer-reviewed journals.

o Studies looking at the effect of breakfast cereals specifically.

e Outcomes include either BMI, % overweight or obese, weight gain.

e Subjects include children or adolescents up to age 18.

Exclusion Criteria
e Abstracts, reviews, position statements, guidelines, editorials, case reports etc.
e Studies only in adults.
e Studies only looking at breakfast.
e Studies using breakfast cereal as the vehicle for another intervention, for example the
effect of breakfast cereals with and without soluble fibre on serum cholesterol levels.
e Studies which looked at the effect of an additional serving of breakfast cereals or snack
bars at a time of day other than early morning as a means of weight loss.
The searches of the three databases and recent reviews identified a total of 160 poten-
tially relevant studies. The numbers of studies excluded at each stage is shown in table 1. A
total of 14 studies remained after the selection process. Full papers were obtained for these.

Characteristics of Included Studies

The studies included 11 cross-sectional studies [5, 13-22], 2 prospective studies [8, 23]
and one intervention study [25]. See table 2 for details of individual studies.

The majority of the studies were carried out in the USA but other studies were performed
in Greece, UK, Spain, Mexico and Sweden. Only four studies were included in our previous
review [8, 13, 16, 20]. Methods of dietary assessment included 24-hour recalls (5 studies), 3-,
7- or 14-day food records or diaries (5 studies), semi-quantitative food frequency question-
naires (3 studies), 7-day weighed food intakes (2 studies) and diet history (1 study). Breakfast
cereal consumption was expressed in terms of frequency of consumption in 7 studies [8,13,17,
18, 23]. These studies divided consumers into between 3 [13, 17] and 6 [18] bands of
consumption.

Nine of the studies were secondary analyses of existing datasets, for example national
dietary surveys, including the Diets of British Schoolchildren [16], the National Diet and
Nutrition Survey (4-18 years) [5] and NHANES surveys from various years [14, 15, 22]. The
two prospective studies were a further analysis of the National Heart, Lung and Blood Institute
Growth and Health (NHLBIGH) study [8] and a prospective analysis of the Dietary Inter-

KARGER



73

© 2013 S. Karger GmbH, Freiburg

www.karger.com/ofa

Obes Facts 2013;6:70-85
DOI: 10.1159/000348878

Facts

The European Journal of Obesity

de la Hunty et al.: Does Regular Breakfast Cereal Consumption Help Children and

Adolescents Stay Slimmer? A Systematic Review and Meta-Analysis

Joyane £q parddns [N g uesjy uo eyeq, :(9s) Ioyane Aq pasA[eue-al elep [eUISLIQ,

uondwnsuod
S[IIA [e1oUdD Jo saL1083ed [[ed3.1 Inoy-¢ 0996 8I-9 [EUOI}IIS-SSO.ID vsn [¥1] uosuaqry
staddrys
sayelul A310U9 9s9q0 ISej3ealq "SA SIdWNSUO0D [sT] 1exsey,
9% ‘9102s Z [INg ‘vIINg ueaw s, 83011y Isepyealq DALY [[e2a1.INn0Y-7Z 6596 8I-6 [EUONDIS-SSOID vsn -pnuysaq
soyejul A3.10Ud uondwnsuod uSIA
9100s Z [INg ‘IINg ueaw  S[[I]\ [elauaD JO SOLI0831ed §  UOBD S[[BJAIINOY-}Z £ SIedL G/ 099 01-8 aanodadsoad vsn [gz]uosuaqry
sayejul s1oddrys uedLIoUY
A313us ‘9590 %, 2100S 1SeJyealq "SA SI9WNSU0D -UedLYY
z 93 10J [Nd ‘TIN] ueaw s 33010y isep{ealq DALY [[ed3.1.mmoy-¢ 68€'T ZI-T [BUONDSS-SSOID ‘vsn  [zz] swerum
[013U0D
[Ng ueawt s 83of@y + sdnoad uonuaaiaul g passasse 10U dIp  SHIIM ZT YT ZI-9 UOnUIAINUI 0JIXa]N [$2] opesoy
Isepyealq
JI9Y30 "SA SI2WNSU0d [Tzl
IYS19MIBA0 10 YO isep{ealq DALY 044 aAneinuenb-1was 00/ ZI-0T [BUOnDdS-SSO.ID 20991n  soyejoideued
1ySremiano stoured uondwnsuod
10J YO ‘TNg ueaw [ea1a) Josario8aes 9 44 aAneinuenb-rwas 800C LI-ZT [eUOnI3S-SSOID 909319 [81] nsoy
uonduwnsuod
uondwnsuod DALY jo KLouanbauy
soyejul A3.19Ud ‘[N g ueaw s 330119 Jo saL1033ed ¢ + [[Bd91 IN0Y-{Z Z6€ 9T1-¥%1 [BUOLDISS-SSOID 909910 [£1] soreyey
1YS1oMI2A0 uondwnsuod Sp.102al
10J YO ‘S9100S-Z [INg  S[[IN [e1ouan Jo sar108ajed ¥ pooj Aep-¢ Al1eak  sieak QT  6LE£7  01-6 aanoadsoad vsn [8Z] uoyreg
uondwnsuod
saxeul A319uU9 ‘L J]Ng ueaw s, 33019y JOo saLI0331ed §  Sayelul paydom Aep-/ 889‘T 8I-% [BUONDIS-SSO.ID urejg [g] uosqin
soyejul A3.10Ud uondwnsuod
Y319MI9A0 O [N UBSW  S[[I]Al [BISUSD Jo saL10893e0 ¢ saLIelp pooj Aep-y T €09 ZI-% [euOI}I3S-SSO.ID vsn [£1] uosiaqry
uondwinsuod asaqo
uondwnsuod [ea.ad auoue( -uou pue asaqo p1023.1 pooj Aep-/ 00Z £I-6 [BUONDIS-SSOID uredsg [0z] e8a110
uondwnsuod puejal]
sayejul A310Ud ‘TN g UBoW s, 83019y Jo sar108a3ed ¥ A103S1 391p GI0‘T STI-ZT [BuOnDas-ssodd  uwldydloN  [6T] ANNOIN
uondwnsuod
sayejul A310Ud ‘L[N UeaW s, 83019y Jo sario8aed §  sayejul paysiom Aep-/, G0.‘Z STI-0T [BUOI}DIS-SSOID urejlig [91] uosqin
Gurpuny uondwnsuod juawssasse  dn-moj[oj s1eak
sow02INQ Ansnpu]  [ea.190 JO JUSWIAINSEIN AIe191p JO POYIS]N  Jo awil], JaqunN 3y udisag uonemndod Joyane 3.1,

S9IpN3S papnyoul jo sonsLIddeIey) *g 3|qel

KARGER



FQCZ_S Obes Facts 2013;6:70-85

The European Journal of Obesity DOI: 10.1159/000348878 © 2013 S. Karger GmbH, Freiburg
www.karger.com/ofa

de la Hunty et al.: Does Regular Breakfast Cereal Consumption Help Children and
Adolescents Stay Slimmer? A Systematic Review and Meta-Analysis

vention Study in Children (DISC) dataset [23].The controlled 12-week trial randomised 147
children at risk of overweight or overweight and aged 6-12 years to 3 intervention groups
and a control group, looking at the effect of eating either 1 dose of RTEC a day, 2 doses a day,
1 dose a day with weekly nutritional education or no intervention on BMI [24]. This trial was
included because it had an arm of the study which looked at the effect of just one dose of RTEC
a day.

13 of the 14 studies were funded by breakfast cereal manufacturers [5, 8, 13-20, 22-24].
For this reason we tested for publication bias (see later).

Quality of Included Studies Assessed

The scientific quality ofthe included studies was assessed independently by two reviewers
(AdIH and MA) using an adapted form of the quality assessment questionnaire for observa-
tional studies included in the EFSA Health Claims submission guidance. The factors deter-
mining whether a study scored ‘yes’, ‘partially’ or ‘no’ were defined a priori (table 3).

Most of the studies were observational cross-sectional studies which are unable to
determine causality and are potentially subject to confounding and reverse causality. The
publications from the two separate prospective studies were of better quality while the one
randomised intervention trial which met the inclusion criteria was only 12 weeks in duration
and could only address the question of weight loss, and not the long-term prevention of weight
gain. In our view, few studies adequately adjusted for potential confounding. Age is an important
confounder as the frequency of breakfast eating declines with age and BMI tends to increase
with age thus potentially giving rise to inverse associations that are spurious. Studies with large
age bands which do not adjust for age (or do not use BMI z-scores) are especially likely to be
confounded. Smoking, alcohol consumption, socio-economic status, physical activity and dairy
consumption are all potential confounders for which few studies adequately adjusted.

Another potential confounder, for which none of the studies in this review attempted to
control, is dieting. Dieting, and skipping breakfast as a means of reducing energy intake, is
likely to be more common in overweight children and adolescents. Obesity could therefore
be the cause of the breakfast skipping rather than the other way around. One prospective
study of eating habits among teenagers found that a significant association between breakfast
skipping and BMI was attenuated and became non-significant after adjusting for weight-
related behaviour [25].

Analysis of Data

Data from all publications were extracted by one reviewer (AdIH). Data on each outcome
for the highest/most frequent consumer and the lowest/least frequent or non-consumer
were recorded, along with values for the standard deviation, standard error or 95% confi-
dence intervals and significance level reported.

BMI and BMI z-Scores
Nine cross-sectional studies [5, 13-19, 22], 1 prospective study [23] and 1 intervention
trial [24] reported mean BMI according to breakfast cereal consumption. A further cross-

sectional study [20] reported breakfast cereal consumption according to BMI status. For the
2 British studies [5, 16] original data were re-analysed to provide the necessary BMI values
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[5] [19] [20] [13] [16] [9] [17] [18] [21] [24] [22] [23] [15] [14]

Power calculations performed n p n n n n n y y y n n n n

Was study adequately powered y n y y y y y y u y y y y y

Baseline characteristics of subjects reported p n p y p y p n p y n y y n

Subjects inclusion and exclusion criteria y p y y y y y y y y y y y y
specified (or in original survey)

Exposure ascertained with reliable method 'y y y y y y y y y n/a y y y y

Information on the distribution of y y p y y y y y y n/a p y n y
exposure(s)

Definition of outcome explicit y y y y y y y y y y y y y y

Outcome reliably assessed and validated y y y n y |y y y y y y y y y

Information on background dietary habits y y y y y p y n n n y y y y
provided

Information on physical activity provided n n y n n y n y y y n y y n

Information on smoking/alcohol drinking  n n n n n n n n n n n n n n
provided

Dose-response assessed y y n y y y y y n y n y n n

Adequate adjustment for the effects of n n p n n p p p p p n y y y
confounding variables

Statistical methods adequately described y y y y y y y y y y y y y y

Outcome assessors blinded to exposure n/a n/a n/a n/a n/a y n/a n/a n/a p n/a y n/a n/a
status

Appropriate duration of follow-up for n/a n/a n/a n/a n/a y n/a n/a n/a p n/a y n/a n/a
outcome to occur

Information on loss to follow-up provided n/a n/a n/a n/a n/a p n/a n/a n/a p n/a p n/a n/a

Design includes control group n/a n/a n/a n/a n/a n/a n/a n/a n/a y n/a n/a n/a n/a

Control and intervention group(s) n/a n/a n/a n/a n/a n/a n/a n/a n/a y n/a n/a n/a n/a
comparable at baseline for relevant risk
factors/outcome variables

Blinding of subjects n/a n/a n/a n/a n/a n/a n/a n/a n/a n n/a n/a n/a n/a

Compliance of subjects with the n/a n/a n/a n/a n/a n/a n/a n/a n/a p n/a n/a n/a n/a
intervention reported

Analyses include an intention to treat n/a n/a n/a n/a n/a n/a n/a n/a n/a n n/a n/a n/a n/a
analysis

Maximum score cross-sectional study =14 9.5 8 95 9 9.5 10 105 9 7.5 10 9

Maximum score prospective study = 17 13.5 14.5

Maximum score intervention study = 20 135

(means and standard deviations) for the same cereal consumption categories used in most
of the other studies (non-consumers vs. >40 g breakfast cereal/day). For the NDNS data,
BMI z-scores were also computed and used in the supplementary analysis. Data on mean
BMI was obtained from the authors of one study which only reported BMI z-score [15]. BMI
z-scores were also reported by 3 cross-sectional studies [14, 15, 22] and 2 prospective

studies [8, 23].

Cross-Sectional Studies

The 9 cross-sectional studies with data on mean BMI gave a total of 25 separate subgroups
in which the overall results were broken down into smaller age bands and/or single sex
groups. These data were combined in a meta-analysis.
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Data Analysis

Meta-analysis was performed using comprehensive meta-analysis software (CMA v 2:
Biostat Inc. USA). Meta-analysis uses a weighted average of the results, in which the larger
and more precise studies have more influence than the smaller ones. Results are shown in the
form of schematic plots (Forest plots), which illustrate the size and direction of effect for each
study and the weighted effect of all studies combined, with 95% (lower and upper) confi-
dence limits (CL). We used subgroup as the unit of analysis in order to explore differences
between age groups within studies. The random effects model was chosen, as this assumes
that the underlying effect may vary for each population subgroup and is more appropriate
where heterogeneity is present [26, 27]. Statistical significance of the overall pooled effect
was based on p < 0.05.

Results of Meta-Analysis

The computed effect size for mean BMI between high consumers and low/non-consumers
over all 25 study subgroups was -1.13 kg/m? (95% CI -0.81, -1.46; p < 0.0001) in the random
effects model (fig. 1). This is equivalent to a standardised mean difference of 0.24. Although an
effect size of 0.24 is weak, the difference in mean BMI of over 1 kg/m? is arguably of clinical
significance. There was wide dispersion but the value of the I? statistic (69.55) indicated that
nearly 70% of the observed variation between studies was real. This most likely reflects varied
classification of cereal consumption, other differences in diet and life-style between populations
and the use of BMI as a metric, which varies with age. No effect of study quality was seen in a
meta-regression of study quality on mean BMI (data not shown). Sensitivity analysis was under-
taken to explore the influence of different studies. Removal of one small study with the largest
effect size [13] reduced the mean BMI difference to - 0.98 kg/m? (-1.29, -0.66), still highly
significant (p < 0.0001). Two subgroups with the youngest children (2-5 years [22] and 4-6
years [5]) were non-significant for BMI but were of low power as few children of that age were
non-consumers. Otherwise there was no clear association between age group and effect size.

A sensitivity analysis comparing the effect sizes for mean BMI and BMI z-scores in the
four studies where data on both outcomes were available found that adjusting BMI for age
attenuated the effect size from - 0.16 (-0.12, -0.19) to -0.11 (-0.06, -0.17), still significantly
different from zero (p < 0.0001). Thus some, but not all, of the observed association between
breakfast cereal consumption and lower BMI is explained by the fact that older children are
less likely to eat breakfast than younger children and BMI tends to track upwards with age.

Prospective and Intervention Studies

Mean BMIin one of the prospective studies [23] was significantly lower in boys consuming
breakfast cereals most frequently over 7.5 years, but not in girls(table 4). The difference was
small, however, and amounted to 0.33 kg/m?. Mean BMI z-scores in this study were not signif-
icantly different between low and high consumers for either boys or girls. The other (larger)
prospective study in girls found a significant correlation between days eating cereal and BMI
z-scores over 10 years amounting to 0.015 BMI z-score per day eating cereal out of a possible
3 days [8].

In the intervention trial [24], one arm compared the effect on BMI of giving 46 overweight
children aged 6-12 years a daily serving of RTEC with 45 similar children given the daily
serving of RTEC and a weekly session of nutrition education and with 39 other children who
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Model _Study name Qutcome Subgroup within study Statistics for each study Difference in means and 95% ClI
Difference Lower Upper
in means limit  limit Z-Value p-Value
Gibson, 1995 BMI 10-11 years_F 040 108 026 1185 0236 —
Gibson, 1985 BMI 10-11 years_M 070 138 002 -2008 0.045 —
Gibson, 1995 BMI 14-15 years_F -0 19 008 2146 0032 &
Gibson, 1985 BMI 14-15 years_M -0.27  -080 026 -1.004 0.315 S
MeMutty, 1996 BMI 12 years F -040  -209 120 -0464 0.643
MeMutty, 1996 BMI 12 years M -1.40 292 012  -1807 0.071
MeMutty, 1996 BMI 15 years F -0.80 281 121 0779 0.436
MeMutty, 1996 BMI 15 years M 000 -1.88 1.86  0.000 1.000 S
Albertson, 2003 BMI 10-12 years =290  -423 157 4287 0.000
Albertson, 2003 BMI 45 years =230 -385 105 -3592 0.000 L R
Albertson, 2003 BMI 79 years 280 442 -108 3388 0.001
Gibson, 2003 BMI 11-14 years 070 -184 024 1480 0444 =
Gibson, 2003 BMI 15-18 years -140 0 251 020 2480 0.013 S
Gibson, 2003 BMI 45 years 040 059 138 073 0428 —
Gibson, 2003 BMI 710 years 080 157 037 217 0224 I
Kafatos, 2005 BMI 14-16 years -1.80 284 046 2200 0028 —
Kosti 2008 BMI 12-17 years_F -2.300 333 127 4373 0.000 e
Kosti, 2008 BMI 12-17 years_M -1.40 228 052 -3123 0.002 T
Williams, 2008 BMI 2-5 years 010 -043 083 0380 0F12 -
Williams, 2008 BMI 6-12 years =200 -301 -099  -3871 0.000 e
Deshrukh-Taskar, 2010 BMI 14-18 years -147 211 083 4522 0.000 T
Deshmukh-T askar, 2010 BMI 913 years -4 177 051 -3558 0.000 —
Albertson, 2011 BMI 6-18 years hisugar -1.64 236 092 4438 0.000 i
Albertson, 2011 BMI 6-18 years lowsugar -185 261 048 -28869 0.004 —T
Albertson, 2011 BMI 6-18 years medsugar -85 277 053 -2898 0.004 —T
Fixed -096  -1.13 078 -10633 0.000 -
Random -113 146 081 -BT4T 0.000 -
-4.00 -2.00 0.00 2.00 4.00
Favours high cereal Favours low cereal

Fig. 1. Forest plot of BMI difference between high and low consumers of RTEC.

received no treatment. A 4th arm of 48 children received two servings of RTEC to be consumed
at breakfast and lunchtime. Only the group receiving the nutrition education in addition to
the daily RTEC showed a significant reduction in BMI compared to the controls after 12 weeks
(-0.9 units (-1.2, -0.5)). The group receiving one serving of RTEC/day showed no change in
BMI after 12 weeks (0.1 (-0.3, 0.4)). However, the trial was only 12 weeks long, and so it is
difficult to draw conclusions regarding the long-term effect on the prevention of excessive
weight gain from this study.

Prevalence and Odds Ratios for Overweight and Obesity

Six cross-sectional studies [13-15, 18, 21, 22] and one prospective study [8] reported
either the prevalence of overweight and/or obesity or the odds ratio (OR) of being over-
weight or obese according to breakfast cereal consumption (table 5).

The prevalence of overweight or obesity was significantly lower in those eating breakfast
cereals most regularly in 11 of the 12 comparisons reported in these studies. Differences in
prevalence ranged from 5 percentage points to over 30 percentage points. The OR for being
overweight or obese was also significantly lower in 3 of the 4 comparisons reported directly,
including one prospective study [28]. The other prospective study did not report ORs for
overweight or obesity, although the raw data would have been available [23].
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The ORs (including those calculated from the prevalence figures given) ranged from 0.19
to 0.87. The weakest effect (0.87) was found in the prospective study and this is likely to be
a better reflection of the true value [8]. Studies which did not adjust for age [13, 22] tended
to show stronger effects than studies which did [15, 18].The range of ORs reported was
similarirrespective of whether the 85% cut-off or the 95% cut-off for BMI was used, suggesting
a similar increased risk for overweight and obesity in those consuming breakfast cereals less
frequently or not at all.

Energy Intakes

Energy intakes were reported according to cereal consumption in 8 cross-sectional
studies [5, 13, 15-17, 19, 22, 23] and in 1 prospective study [23]. They were significantly
higher in those consuming breakfast cereals most frequently in 12 out of the 20 comparisons
and non-significantly higher in 5 others (table 6). Although few of these studies adjusted for
age in their analyses, in this case, confounding by age is likely to weaken the observed asso-
ciation rather than strengthen it since older children are less likely to consume breakfast
cereals regularly but have higher energy intakes.

Discussion

The finding that children and adolescents who consume breakfast cereals regularly are
slimmer and are less likely to be overweight than children and adolescents who consume
breakfast cereals infrequently or not at all is consistent with our previous review and others
[7,12, 29]. In particular, a meta-analysis of skipping breakfast and prevalence of overweight
in Asian and Pacific regions found a pooled OR of overweight or obesity for the lowest versus
highest category of breakfast frequency of 1.75 >(1.57-1.95) (p < 0.001) which is within the
range we found [29]. Nevertheless, the question of whether itis a causal relationship remains.
Confounding, for example by higher physical activity levels or dieting behaviour, is a plausible
explanation. The consistently lower energy intakes of those consuming breakfast cereals less
frequently supports the possibility that those who are already overweight are trying to lose
weight by skipping breakfast. Thus reverse causality could be the explanation for the observed
relationship between breakfast cereal consumption and lower BMI. Alternatively, those who
are more physically active might be both more likely to eat breakfast and have a lower BMI.
However, there is some evidence (discussed below) that breakfast cereal consumers might
have lower energy intakes or higher energy expenditures which could provide a plausible
mechanism for the observed relationship.

Possible Mechanisms for Observed Effect
Lower Energy Intakes

It is possible that the apparently higher energy intake of breakfast cereal consumers is
an artefact of under-reporting of energy intakes by overweight subjects. This would result in
spuriously higher energy intakes by breakfast consumers who are also more likely to be
normal weight. A study in Swedish adolescents [30] found that a significantly negative corre-
lation between total energy intakes and BMI changed to a significantly positive correlation
when under- and over-reporters were excluded from the analysis.
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Table 4. Results for mean BMI and BMI z-scores from prospective studies

79

Reference  Age, Follow-up Group Mean BMI of Mean BMI of Signifi- Mean BMI z scores Mean BMI z scores Signifi-
years length, lowest group highest group  cance of lowest group of highest group  cance
years (standarderror) (standard error) (standard error) (standard error)
Barton 9-10 10 girls  notgiven not given 3=-0.015/day out of 3 p<0.01
(28]
Albertson 8-10 7.5 boys 20.39(0.17) 20.06(0.18) p<0.01 0.384(0.050) 0.329 (0.052) ns
[24] 8-10 7.5 girls  19.55(0.17) 19.61(0.18) ns 0.237 (0.052) 0.256 (0.056) ns

ns = Non-significant.

Other studies have found that skipping breakfast leads to an increase in total energy
intakes. For example, a 2-year follow-up study to a weight loss intervention trial in 11- to
16-year-olds found that total energy intakes increased as energy consumption at breakfast
decreased. Snacking increased from almost none to 10% of energy, and total energy intakes
increased by 171 kcal/day [31]. Another, crossover intervention study investigated the effect
of omitting breakfast for 2 weeks on energy intake, energy expenditure and insulin sensitivity
in 10 healthy lean women [32]. This study found that eating breakfast lead to a significant
reduction in reported total energy intakes (-90 kcal; p = 0.001) and a significantly improved
post-prandial insulin sensitivity, although there were no significant differences in weight
over this short time period. Improved insulin sensitivity is associated in some, though not all,
studies with increased satiety, reduced hunger and lower energy intakes and is a (negative)
predictor of future weight gain [33].

Higher Energy Expenditure

Four studies found an inverse association between breakfast cereal consumption and
adiposity even after controlling for energy intakes [14, 15, 23, 28]. The fact that many studies
have failed to find lower energy intakes in breakfast cereal consumers also implies that any
effect must be, at least in part, mediated through changes in energy expenditure, i.e., through
increases in physical activity or metabolic rate.

A further analysis of the NHLBIG prospective study found that physical activity levels
were higher in girls who consumed breakfast cereals regularly [34]. This raises the possibility
thatitis higher physical activity that is driving breakfast consumption. Alternatively, children
who eat breakfast regularly might be more physically active because they feel more energetic,
in which case physical activity would be a mediator in the causal pathway. The 5 studies in
our review which did adjust for physical activity levels, however, all found a significant
inverse association between breakfast cereal consumption, and a measure of adiposity
remained after adjustment which suggests that the effects of breakfast cereals are inde-
pendent of physical activity [8, 15, 18, 21, 23].

Another potential mechanism by which breakfast cereal consumption could increase
energy expenditure is via better insulin sensitivity in the morning. Circadian clocks regulate
key biochemical pathways in metabolic tissues so that post-prandial responses differ with
time of day [35]. Improved insulin sensitivity in the morning could increase the thermic
effect of food (TEF) after breakfast [36, 37] thus increasing overall energy expenditure.
However, the crossover intervention study discussed above which found impaired insulin
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sensitivity after omitting breakfast for 2 weeks found no effect on TEF or resting metabolic
rate [32]. It could be that the degree of insulin insensitivity produced in this study was not
great enough to reduce TEF. The control of energy balance is a complex and finely tuned
system. It is possible that synchronising energy intakes with the period of maximum insulin
sensitivity might have greater effects on satiety and subsequent energy intake and expen-
diture.

Breakfast or Breakfast Cereals?

The question as to whether it is breakfast cereals specifically, or just eating (any)
breakfast, which is associated with lower BMI also needs to be considered. In adults, a cross-
sectional study found that people who ate RTEC, cooked cereal or quick breads had a signifi-
cantly lower BMI than those who skipped breakfast. However, those who ate ‘meat and eggs’,
dairy products or ‘fats and sweets’ for breakfast did not [6]. Two studies in our review
compared mean BMI and the prevalence of overweight between cereal consumers, those
eating another type of breakfast and breakfast skippers. They found that the results for those
eating ‘other breakfasts’ tended to be intermediate between cereal eaters and breakfast
skippers [15, 22]. The prospective study of girls aged 9 years at baseline found that the asso-
ciation with breakfast disappeared when breakfast cereal consumption was controlled for
[8]. There is a suggestion therefore that the association is stronger for breakfast cereals, but
without further analysis of the differences in energy and nutrient content of different types
of breakfast no clear conclusions can be drawn.

Publication Bias and Conflicts of Interest

13 of the 14 studies in this review were funded by a breakfast cereal manufacturer, as
was our review. Industry-funded nutrition-related scientific articles are more likely to find
favourable conclusions than non-industry-funded articles with the possibility of bias being
introduced in a variety of ways [38]. For reviews, the most relevant concerns are publication
bias arising through non-significant or non-favourable results remaining unpublished and
the selective choice of studies to be included in the review. Nevertheless, industry funding
plays a critical role in the research process, particularly for studies which might give rise to a
potential commercial advantage and for which public funding is arguably inappropriate. It is
unlikely that many of the studies / secondary analyses in this review would have been carried
out without industry funding, and yet, given the evidence base required in the health claims
approval process, such research is both necessary and of potential benefit to the consumer.
[tis therefore important thatthere are clear guidelines to protect the integrity of such research
and ensure transparency [39].

We addressed the possibility of bias in our review in a couple of ways. We minimised the
possibility of biased study selection by following the AMSTAR guidelines for assessing the
methodological quality of systematic reviews [10]. The possibility of publication bias in our
dataset was assessed using a funnel plot and Duval’s and Tweedie’s method known as ‘“Trim
and Fill’ [40]. Using these parameters for the mean BMI analysis, the method suggests that a
small number of studies were potentially missing and the standardised mean difference
(95% CL) for the combined studies was reduced from 0.24 (-0.18, -0.30) to 0.18 (-0.11,
-0.25), though it remained significant (p < 0.0001). Thus we feel our conclusions are robust,
even after allowing for the fact that almost all the studies were funded by cereal manufac-
turers.
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Strengths and Limitations of Our Systematic Review and Meta-Analysis

Our review has several strengths. We carried out a meta-analysis of all studies reporting
mean BMI and BMI z-scores to quantify the size of the effect, something which has not been
done previously. We also looked at the effect of quality of the studies and of adjusting for age
and possible publication bias on the effect size. The evidence includes several large, nationally
representative surveys and studies from a number of different countries and in different
population groups which enhances the generalisability of our findings across different groups
of people. Limitations of the review are that the evidence is mostly from cross-sectional
studies which are potentially subject to confounding and reverse causality and that studies
used a variety of methods for measuring breakfast cereal intake and defining what was
included as breakfast cereal.

Conclusions

Evidence from two independent prospective cohorts and 11 cross-sectional studies has
shown that children and adolescents who consume breakfast cereals regularly have a signif-
icantly lower mean BMI and are less likely to be overweight or obese than children and
adolescents who consume breakfast cereals infrequently or not at all. Mean BMI was lower
by around 1 kg/m?, and the risk of overweight was reduced by at least 10% and possibly by
up to 50% in those consuming breakfast cereals regularly. The size of these effects, though
small, are of clinical significance and they were similar in children and adolescents. Adjustment
for age and publication bias attenuated the effect sizes somewhat but they remained statisti-
cally significant.

However, the possibility of residual confounding by dieting, for example, or other expla-
nations cannot be excluded and the mechanism involved is not clear, although it does not
appear to be due to a straightforward reduction in total energy intake. Overall, the evidence
reviewed is suggestive that regular consumption of breakfast cereals results in a lower BMI
and areduced likelihood of being overweightin children and adolescents. Further prospective
studies with adequate adjustmentforage, dieting behaviourand physical activity, in particular,
are necessary to confidently exclude these factors as possible explanations. Ideally, adequately
powered, randomised, controlled trials of a long enough duration to look at the prevention of
excessive weight gain are necessary to determine whether eating breakfast cereals regularly
doesreduce the likelihood of excessive weight gain and the development of obesity in children
and adolescents.
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