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The Benefits of Breakfast Cereal Consumption:
A Systematic Review of the Evidence Base'™

Peter G. Williams*
University of Canberra, Canberra, Australia; and University of Wollongong, Wollongong, Australia

There have been no comprehensive reviews of the relation of breakfast cereal consumption to nutrition and health. This systematic review
of all articles on breakfast cereals to October 2013 in the Scopus and Medline databases identified 232 articles with outcomes related to
nutrient intake, weight, diabetes, cardiovascular disease, hypertension, digestive health, dental and mental health, and cognition.
Sufficient evidence was available to develop 21 summary evidence statements, ranked from A (can be trusted to guide practice) to D
(weak and must be applied with caution). Breakfast cereal consumption is associated with diets higher in vitamins and minerals and lower
in fat (grade B) but is not associated with increased intakes of total energy or sodium (grade C) or risk of dental caries (grade B). Most
studies on the nutritional impact are cross-sectional, with very few intervention studies, so breakfast cereal consumption may be a marker
of an overall healthy lifestyle. Oat-, barley-, or psyllium-based cereals can help lower cholesterol concentrations (grade A), and high-fiber,
wheat-based cereals can improve bowel function (grade A). Regular breakfast cereal consumption is associated with a lower body mass
index and less risk of being overweight or obese (grade B). Presweetened breakfast cereals do not increase the risk of overweight and

obesity in children (grade C). Whole-grain or high-fiber breakfast cereals are associated with a lower risk of diabetes (grade B) and

cardiovascular disease (grade C). There is emerging evidence of associations with feelings of greater well-being and a lower risk of
hypertension (grade D), but more research is required. Adv. Nutr. 5: 6365-673S, 2014.

Introduction

The role of breakfast cereals in a balanced diet has been rec-
ognized for many years (1-3). Dietary guidelines note that
the high nutrient density of breakfast cereals (especially
those that are whole grain or high in cereal fiber) makes
them an important source of key nutrients (4). In addition
to providing an important source of vitamins and minerals,
breakfast cereals are also potentially important sources of anti-
oxidants (5-7) and phytoestrogens (8) and are 1 of the most
important sources of whole grains (9). However, there have
been no comprehensive reviews of their health benefits and
there is some uncertainty about their nutritional merits
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because of concerns about the amounts of salt, sugar, or satu-
rated fat in some products (10).

The Australian Breakfast Cereal Manufacturers Forum
commissioned this systematic review to summarize the evi-
dence relating the consumption of breakfast cereals and a
range of health outcomes. The review covers the breakfast
cereal category generally and not individual products or ce-
real components or properties such as whole grains, dietary
fiber, or glycemic index (GI)°.

Methods

For this review, “breakfast cereal” was defined to include ready-to-eat
breakfast cereal (RTEC), oats/porridge, and muesli. Exclusions were break-
fast bars, muesli bars, liquid breakfast products, milk drinks, and yogurt
products. The author conducted a systematic review of the published scien-
tific literature from all dates until October 2013 in the Scopus and Medline
databases by using the search terms listed in Supplemental Table 1. Inclu-
sion criteria were as follows: English-language publications only, studies in
adult and children and males and females of all ages and health conditions,
and all study types including reviews. Exclusion criteria were as follows:

> Abbreviations used: CVD, cardiovascular disease; Gl, glycemic index; PS, presweetened; RCT,
randomized controlled trial; RTEC, ready-to-eat cereal; T2D, type 2 diabetes; tHcy, total
homocysteine; %E, percentage of energy.

©2014 American Society for Nutrition. Adv. Nutr. 5: 6365-673S, 2014; doi:10.3945/an.114.006247.



animal studies or articles primarily focused on the breakfast meal, dietary
fiber, whole grains, cereal fiber, or other components of cereal foods in gen-
eral. Relevant studies cited in review articles or those identified in the search
were also considered. Figure 1 shows the study selection flowchart. From the
5316 articles originally identified in the database search, a total of 232 were
used in the qualitative synthesis presented in the Results section.

Quantitative data were extracted from the relevant articles, including the
study methods, populations, and outcomes of significance to the review.
Study quality was examined by using the methods of the American Dietetic
Association Evidence Analysis Manual, and scored as positive, neutral, or
negative (11).

Body of evidence tables were developed to present the main findings
with the use of the methodology and format recommended by the Australian
National Health and Medical Research Council (12,13). These statements
summarize the scientific findings in a standardized manner, with a grading
from A (body of evidence can be trusted to guide practice), B (can be trusted
to guide practice in most situations), C (provides some support but care
should be taken in its application), to D (body of evidence is weak and
must be applied with caution) (14).

Results
Contribution of breakfast cereals to healthy diets
Contribution to energy and nutrient intakes.

Reviews. There have been 3 major reviews of the contribu-
tions of breakfast cereals to nutrient intake and overall good
health: 2 general narrative reviews (15,16) and 1 systematic
review of studies in children and adolescents (17). One other
review of the breakfast meal also summarized some of the
studies that reported the effects of RTEC consumption (18).

These reviews are largely in agreement that, compared
with those who consume lower amounts of breakfast cereal
or nonconsumers, regular breakfast cereal consumers have

® higher intakes of carbohydrate;

® higher intakes of total sugars;

e lower intakes of fat;

® lower cholesterol intakes;

e enhanced micronutrient intakes;

e higher milk intakes;

e greater likelihood of meeting micronutrient recommended
intakes;

e improved nutritional status; and

® lower serum cholesterol concentrations.

Intervention studies. Table 1 summarizes findings from 11
intervention studies that incorporated additional breakfast
cereal into subjects’ diets and shows the nutrients that
were increased, decreased, or remained unchanged in the
subjects’ total daily intakes. Those studies generally show
an increase in vitamin and mineral intakes, and decreases
in fat, but no consistent effect on daily energy, protein, or
carbohydrate intakes.

Cross-sectional studies. There are 51 studies that reported
on the nutritional impact of regular breakfast cereal con-
sumption in those who eat breakfast: that is, comparing con-
sumption of a breakfast cereal-based breakfast vs. other

breakfast types (see Supplemental Tables 2 and 3). Of these

Records identified through database

Additional records identified

Records screened
(n=4894)

searching through other sources
(n=5316) (n=56)
y
] Duplicate records
Records after duplicates removed ] > excluded
(n=4894) (n = 478)
A

Records excluded on basis
of title or abstract
(n=4557) FIGURE 1 PRISMA (Preferred

Reporting Items for Systematic

A

Reviews and Meta-Analyses) flow

Full-text articles assessed
for eligibility
(n=337)

Studies included in

diagram. Gl, glycemic index.

Full-text articles excluded,

with reasons (n = 105)
Did not include an
outcome of interest (n=56)
Study of food components
(eg, wholegrain, GI), not
breakfast cereals (n=22)
Study on the effect of the
breakfast meal (n=15)
Study did not separate the
effect of breakfast cereal
from other components of
diet intervention (n=12)

qualitative synthesis
(n=232)
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TABLE 1 (Continued)

Nutrients
unchanged

Nutrients

Nutrients

Quality Subjects and

Authors

increased decreased

Diet
9 different varieties of Kellogg's RTECs were pro-

Study design

rating study location

(reference)

Energy

g CHO

Randomized, controlled 6-wk intervention study. The inter-

Positive 70 overweight

Matthews et al.

%E from CHO

g fat

vided with external packaging removed.

vention group was given a selection of breakfast cereals to
consume instead of their normal evening snack. Control

men and
group maintained normal habits.

(106)

Participants were advised to try each at least

once.

women who

%E from fat
g protein

were self-re-

ported evening
snackers; UK

%E from protein

' B1, vitamin B-1 (thiamin); B2, vitamin B-2 (riboflavin); B3, vitamin B-3 (niacin); B6, vitamin B-6, pyridoxine; B12, vitamin B-12 (cyanocobalamin); C, cereals; CHO, carbohydrate; RDA, recommended dietary allowance; RTEC, ready-to-eat breakfast

cereal; SC, single choice; V, vegetables; VC, variable choice; %E, percentage of energy.

2 Study included in 1 of the review articles.

studies, 30 were in children (19-48) and 21 were in adults
(31,49-68). The results from the cross-sectional studies
and the randomized controlled trials (RCTs) showed very
consistent results.

Children and adolescents who consume breakfast cereals
regularly have daily diets that are

e higher in percentage of energy (%E) from carbohydrate, total
sugars, dietary fiber, vitamins A and D, thiamin, riboflavin,
niacin, pyridoxine, folate, calcium, iron, magnesium, and zingc;

e no different in total energy intake, %E from protein, or so-
dium; and

® Jower in %E from fat.

Almost all of the studies are for RTEC only. Many of the
micronutrient differences are related to the fortification pro-
file of the breakfast cereals, but the increased milk intake
would contribute significantly to the higher daily calcium
and riboflavin intakes. In both Australia and the United
States, approximately one-quarter of all milk consumed by
children and adolescents is added to breakfast cereal (69,70).

Other findings from the studies show that children and
adolescents who eat breakfast cereal regularly

e are less likely to have vitamin and mineral intakes below the
recommended daily requirements, especially for calcium
(21,22,24,25,27,33,37,38,41,44,46,48);

e have better diets overall, measured by the Healthy Eating Index
score (48);

® have lower daily cholesterol intakes (20); and

e have better nutritional status (assessed by blood measures), es-
pecially for the vitamins thiamin, riboflavin, and pyridoxine
(32) and iron (34).

In food-insecure children in the United States, the per-
centage whose daily nutrient intake was below the Estimated
Average Requirement was higher in those who did not con-
sume breakfast cereal for several key nutrient, including
62.7% vs. 39.9% for calcium, 26.3% vs. 19.4% for magne-
sium, 33.4% vs 8.1% for vitamin A, 15.4% vs. 3.2% for
zing, and 9.4% vs. 0.1% for folate, respectively (48). The dif-
ference in total milk consumption (345 vs. 142 g for cereal
consumers vs. nonconsumers) was significantly greater
than the difference in food-secure children (324 vs. 161g;
P < 0.05)—that is, RTEC was even more important in
food-insecure children in improving milk intakes. Com-
paring Healthy Eating Index scores, both food-secure and
food-insecure children achieved better scores when they
consumed breakfast cereals, but the improvement in total
grain intake was significantly greater for food-insecure chil-
dren (46).

In the 1995 Australian National Nutrition Survey, break-
fast cereals as consumed with milk and sugar contributed
only 6-9% of total energy intakes of children and adolescents
but provided >25% of the Recommended Dietary Intake
(RDI) for thiamin, riboflavin, and iron (for boys) and >10%
of the RDI for niacin, folate (for boys), calcium, iron (for girls),
and magnesium (37). In the 2007 Australian National Children’s
Nutrition and Activity Survey, RTEC consumption provided
10% of total daily fiber intake (47).

Breakfast cereals review 639S



Adults who consume breakfast cereals regularly have
daily diets that are

e higher in %E from carbohydrate, total sugars, dietary fiber, vi-
tamins A and D, thiamin, riboflavin, niacin, pyridoxine, folate,
calcium, iron, magnesium, and zing;

e no different in total energy intake, sodium, or %E from pro-
tein; and

® lower in %E from fat.

The latest national survey from the United Kingdom
found that whereas breakfast cereals contribute 3-5% of
the daily energy intake and 2-5% of dietary fiber intake,
they provide only 1% of fat and 1-2% of sodium in the total
diet (3). Similarly, breakfast cereals contribute only 2.1-
2.6% of total sodium intake in adults in the United States
(71) and <2.5% in Australia (72).

Other findings show that adults who eat breakfast cereal
regularly

@ are less likely to have vitamin and mineral intakes below the
recommended daily requirements, especially for thiamin, ribo-
flavin, niacin, folate, vitamin C, calcium, magnesium, iron, zing,
and fiber (54,56,57,60—63,66—68);

® have better diets overall, measured by the Healthy Eating Index
(63); and

® have better nutritional status (assessed by blood measures),
especially for the vitamins thiamin, riboflavin, and folate
(31,60,73,74).

Those consuming whole-grain and high-fiber breakfast
cereals, compared with those consuming other breakfast ce-
reals, had significantly higher daily intakes of %E from pro-
tein, fiber, niacin, folate, calcium, and zinc (65); however,
whole-grain cereal intake in particular is likely to be a
marker of a healthy lifestyle and therefore potentially subject
to residual confounding.

Benefits of a breakfast cereal meal pattern. There are
clearly nutritional benefits from including breakfast cereals
in a breakfast meal. A recently proposed Breakfast Quality
Index has the inclusion of breakfast cereals as a key factor
to improve the overall breakfast meal score (75). Findings
from the cross-sectional studies show that

e cating breakfast cereal facilitates greater milk consumption in
children (39,48,76) and in adults (51,54,56,62,63,65,77);

e those who eat breakfast cereal regularly have higher whole-
grain consumption per day, both in children (42,46,48,78)
and in adults (63,79); and

e children and adults eating RTEC also eat a greater range of dif-
ferent foods at the breakfast meal (28,63).

Comparison of breakfast cereal eaters with breakfast
skippers. Eleven cross-sectional studies (summarized in
Supplemental Table 4) compared the daily nutrient intakes
of people eating a cereal-based breakfast with breakfast
skippers (20,41,44,46,50,53,54,60,63,64,67). Those results
mostly supported the comparisons of consumers of break-
fasts with or without the inclusion of breakfast cereals.
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Consistently, the daily diets of breakfast cereal eaters (com-
pared with breakfast skippers) are

e higher in energy and %E from carbohydrate, dietary fiber, and
all vitamins and minerals, and
e Jower in %E from fat.

The results from comparisons of %E from protein, total
sugars, and sodium are more varied and there are no clear
trends. The consistent finding of higher milk intakes in
those who consume breakfast cereals is part of the reason
that studies have shown higher riboflavin status in those
who consume breakfast cereals (80).

Presweetened vs. minimally presweetened cereals. Analy-
sis of data from the 2007 Australian National Children’s Sur-
vey of children and adolescents aged 2—16 y compared the
intakes of those consuming presweetened breakfast cereals
with =15% total sugars or minimally presweetened (PS)
breakfast cereals (non-PS) (81) and found that total daily
energy and nutrient intakes were not significantly different,
including intake of total sugars (PS vs. non-PS consumers:
121 vs. 118 g/d). Another analysis of the same survey data
noted that RTECs provided 34% of the total sugars con-
sumed at breakfast but only 7% of the total sugars consumed
over the whole day (44).

A recent study of 312 Australian breakfast cereals showed
that there was no relation between the total sugar content
and the energy density of breakfast cereals, both ready-to-
eat and other breakfast types (82), which supports the find-
ing of no difference in total daily energy intake regardless of
the amount of sugar in breakfast cereals themselves.

These results are consistent with several studies in American
children. A study in 5- to 12-y-old children found that that
compared with children consuming RTEC with >25% total
sugars, those consuming nonsweetened cereals (<25% total
sugars) had higher daily intakes of protein, carbohydrate, fiber,
folate, vitamin A, calcium, and magnesium, but there were
no significant differences in intakes of total energy, fat, to-
tal sugars, thiamin, riboflavin, niacin, ascorbic acid, iron,
zinc, or sodium (19). Another cross-sectional study in
U.S. children and adolescents reported that children aged
6-11 y who consumed PS breakfast cereals had higher total
added sugars in their diet (93 vs. 83 g/d), but that in ado-
lescents aged 12—17 y there was no difference in daily total
sugar consumption between consumers and nonconsumers
of PS breakfast cereals (76).

In a more recent study in PS vs. non-PS breakfast cereal
consumers aged 4—13 vy, daily energy and total sugar intakes
were higher in those consuming PS cereals (defined as those
with >6 g total sugars per serving), but there were no differ-
ences found for adolescents aged 14-18 y. Daily sodium in-
takes were lower in those consuming PS cereals at all ages.
There were no differences in BMI or waist circumference be-
tween any age group (43).

In 1 experimental study (83), children aged 5-12 y were
offered a choice of 1 of 3 high-sugar breakfast cereals (with
11-12 g of total sugars per serving) or low-sugar cereals (1-4 g



total sugars per serving) plus free access to added sugar,
milk, fruit, and juice. The study found that

e children reported greater liking of the high-sugar cereals and
consumed almost twice the amount per eating occasion com-
pared with those served the low-sugar cereals (61.3 vs. 34.6 g);

o children offered low-sugar cereals added more table sugar than
those eating high-sugar cereals, and the total sugar content
(from cereal and added sugar) was almost twice as high as
with the high-sugar cereals (24.4 vs. 12.5 g; P < 0.001);

o there was no difference in the amount of milk consumed with

the 2 types of cereals, nor the total energy consumed at the

breakfast meal; and

children in the low-sugar group were more likely to put fresh

fruit on their breakfast cereal compared with the high-sugar

cereal condition (54% vs. 8%; P = 0.05).

Table 2 provides body of evidence summaries of
the main findings from the studies on the contribution of
breakfast cereals to dietary intake.

Weight gain, overweight, and obesity
Meta-analysis. There has been only 1 meta-analysis of the
evidence of the effect of breakfast cereal consumption on
obesity (84). It examined 14 studies in 33,205 children
and adolescents and calculated that, compared with low or
nonconsumers of cereal, high consumers had a lower
mean BMI by 1.13 kg/m2 (95% CI: 0.81, 1.46; P < 0.0001).
Most of the studies were cross-sectional in design; only 1 in-
tervention trial and 2 prospective studies were included.
Breakfast cereal manufacturers funded all but 1 of the studies.
The studies in this meta-analysis did not always control
for physical activity or dieting behavior, and these could
be important confounding factors in the results. The article
concludes: “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 chil-
dren and adolescents. However, more evidence from long-
term trials and investigations into mechanisms is needed
to eliminate possible confounding factors and determine
causality.”

Systematic reviews. Three other systematic reviews of the
topic have been published (Table 3). There is a significant
overlap between the studies included in these reviews and
the meta-analysis; the total numbers of publications included
in all 4 articles are as follows: 8 intervention studies (40,85-91),
6 prospective studies (36,40,92-95), and 15 cross-sectional
studies (24,27,32,33,35,38,41,42,55,59,96-100).

The only study that examined breakfast cereal consump-
tion and prospective weight change was that of Bazzano et al.
(93). They reported that mean body weight gain over 13 y
follow-up of 17,881 U.S. male physicians was significantly
less in those who consumed at least 1 serving of breakfast ce-
real per day compared with those rarely consuming cereals:
1.18 vs. 2.27 kg (P = 0.007). The RR of becoming overweight
(BMI =25 kg/m?) over the same period was 0.88 (95% CI:
0.67, 0.91; P = 0.01) in regular consumers compared with
those rarely consuming cereals.

The 3 reviews suggest that people who eat breakfast ce-
reals regularly have a lower BMI and are less likely to be
overweight. However, results from intervention trials are in-
consistent and there is limited evidence for any proposed
causal mechanism. Furthermore, although the reported
benefits from RTEC might be more pronounced among
the higher-fiber cereals, there is a need for more large-scale
randomized clinical trials.

Additional intervention studies. Sixteen intervention stud-
ies exist in addition to those in the meta-analysis or the 3 re-
views and are summarized in Table 4. Most of these studies
are short-term and focus only on immediate effects on sati-
ety and next-meal food consumption, and so do not provide
strong evidence for claims about longer-term health effects.
Of the 3 longer studies (>6 wk), 2 included cereals in hypo-
caloric diets and found no significant effect (101,102). One
study with 2 servings of oats in an otherwise free diet does
provide evidence to support the benefit of oat-based cereals
(103). However, that study did not provide information on the
control cereal used for comparison and required 2 servings/d to
be consumed (103). The other three 6-wk studies had differ-
ing results: 1 reported a beneficial effect with an oat-based
breakfast cereal taken at 2 meals in a day (104); another
also found that increased breakfast cereal consumption as-
sisted weight loss in a hypocaloric diet (105); and another
found no effect when evening snacks were replaced by
RTEC (106).

Several of the intervention studies showed breakfast cereal
consumption to be helpful in assisting weight loss when used
as snack or meal replacements (87-89,102-104,107), although
1 study did not find any significant effect (106).

In contrast, most of the intervention studies that added
cereal at breakfast did not show any significant impact on
measures of weight (85,86,90,91,101,102,106). It is often
difficult to distinguish the effect of a breakfast meal from
the effect of breakfast cereals specifically; there is thus a
need for larger long-term intervention trials comparing the
impact of different types of breakfast cereals when consumed
at breakfast.

Additional cross-sectional studies. Sixteen additional
cross-sectional studies were identified that were not in-
cluded in the 4 systematic reviews (see Supplemental Table
5) (41-43,45,46,66,68,81,108—115). Three of these studies
compared the weight status of consumers of PS or non-PS
RTECs and found no differences in BMI or waist circumfer-
ence in children and adolescents (43,81,112). This is valuable
suggestive information, but results from cohort studies would
be ideal to support a firm statement on this issue.

Perhaps the best evidence for a preventive effect of break-
fast cereal on weight gain comes from the single-cohort
study that has examined this (116), and the computed
ORs from cross-sectional studies in the meta-analysis sup-
port those results (117). However, in the absence of further
cohort and intervention trials, the current evidence is not yet
strong enough to claim a direct protective effect.
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TABLE 2 (Continued)

Notes

Rating

Grade

Evidence statement and components

Body of evidence provides some support but care should be taken in its application

27 Level IV studies (cross-sectional studies) (all positive quality)

Consumption of breakfast cereals does not increase the total daily sodium intake

Poor

Evidence base
Consistency

22 studies reported no significant effect; 3 reported an increase in total sodium; and 2 reported

Good

a reduction
Mostly nil effect

Poor

Clinical impact
Generalizability

Populations studied in the body of evidence cover a wide range of ages and countries of

Excellent

residence
Directly applicable in populations in whom breakfast cereals are consumed regularly

Body of evidence provides some support but care should be taken in its application

Excellent

Applicability
Consumption of presweetened breakfast cereals does not increase total daily sugar

C

intake of children and adolescents

Evidence base

1 Level Il study (positive quality)
4 Level IV studies (cross-sectional studies) (all positive quality)

Poor

1 Australian and 2 U.S. studies reported no significant effect; 2 U.S. studies (including RCT) re-

Poor

Consistency

ported an increase in total sugar intake for children to 13 y only but not for adolescents

Mostly small differences (0-20 g/d higher total sugar intake)

Studies conducted in Australia and the United States

Poor

Clinical impact

Generalizability
Applicability

Good

Directly applicable in populations in whom breakfast cereals are consumed regularly

Excellent

' RCT, randomized controlled trial.

The summaries in Table 5 reflect the current evidence in
the literature. There is insufficient evidence to describe the
best types of breakfast cereals, although there are suggestions
of a greater protective effect of higher fiber and oat cereals in
some (but not all) of the studies.

Diabetes, glucose intolerance, and metabolic
syndrome

Meta-analysis. There has been 1 meta-analysis of the ev-
idence of the effect of whole-grain breakfast cereal con-
sumption on diabetes (118). That study examined 16
cohort studies looking at whole and refined grains in gen-
eral, but only 3 studies (with follow-ups ranging from 6 to
19 y) had subanalyses on breakfast cereals specifically, all
conducted in the United States (119-121). The RR of in-
cident type 2 diabetes (T2D) comparing the highest vs.
the lowest consumption of whole-grain breakfast cereal
was 0.72 (95% CI: 0.55, 0.93; P = 0.01). For each addi-
tional serving of whole-grain breakfast cereal, the RR
was 0.73 (95% CI: 0.59, 0.91; P = 0.006). The authors
noted the relatively small number of studies and did not
report any results on refined-grain breakfast cereals sepa-
rately, although their overall conclusion was that refined
grains in general are not associated with a reduced risk
of T2D.

The largest prospective study in this meta-analysis exam-
ined the association of breakfast cereal consumption and the
risk of development of T2D among 21,152 male participants
in the U.S. Physicians’ Health Study I (120). Weekly cereal
consumption in 4 categories (none, =1/wk, 2—6 times/wk,
and =7/wk) was estimated by using an FFQ and breakfast
cereals were categorized as whole grain or refined grain by
using the method of Jacobs et al. (122). Incident T2D over
19 y of follow-up was ascertained by annual follow-up
questionnaires.

When adjusted for age, cigarette smoking, BMI, physical
activity, and vegetable and alcohol intake, the HR for T2D in
the highest category of consumption compared with the
lowest was 0.69 (95% CI: 0.60, 0.79; P-trend < 0.0001).
There was evidence for a stronger protective effect of
whole-grain breakfast cereals compared with refined-grain
cereals at =7 servings/wk: an HR of 0.60 (95% CI: 0.50,
0.71) for whole-grain cereals vs. an HR of 0.95 (95% CI:
0.73, 1.3) for refined-grain cereals. However, both were as-
sociated with significant risk reductions at 2—6 servings/wk
(whole-grain HR: 0.76; 95% CI: 0.66, 0.87; refined-grain
HR: 0.69; 95% CI: 0.53, 0.90). The authors speculated that
the effect might be due to the fiber content attenuating gly-
cemic responses or that diverse micronutrients such as mag-
nesium, vitamin E, antioxidants, or phytoestrogens may be
responsible for the beneficial effects. They conclude: “These
results suggest that intake of breakfast cereals might confer a
lower risk of DM [type 2 diabetes].”

It should be noted that the population in this study con-
sisted of highly educated male physicians who are likely to
have more generally healthy behaviors than the general
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TABLE 3 Systematic reviews of breakfast cereals and obesity’

Authors, year (reference)

Timlin and Pereira, 2007 (265)

de le Hunty and Ashwell, 2007 (84)

Kosti et al., 2010 (248)

Study type 2 prospective 6 XS
2 RCTs 2 prospective
1 RCT 6 RCTs

Intervention/

RTEC consumption at breakfast/BMI,

RTEC consumption frequency/BMI,
weight loss, risk of becoming

Males and females, children 4-15'y,
normal and overweight; US, UK,

outcome weight loss
overweight
Subjects, n 19,225 adults (prospective) 205 children (XS)
261 adults (RCTs) 2379 children (prospective)
11,336 adults (XS)
17,881 adults (prospective)
52 adults (RCT)
Study Men and women; normal, overweight
population and obese adults; US, Finland
Spain, France
Quality? Neutral Positive
Results Inverse association between RTEC

consumption and BMI'in XS studies
No significant effects in intervention
trials

Inverse association between RTEC
consumption and BMI in all XS
studies, although not all statistically
significant. In prospective study in
adults, 13-y risk of becoming over

10 XS
5 prospective

RTEC consumption at breakfast or other
meals/BMI, WHR, body weight

8272 children (XS)

4754 children (prospective)

20,670 adults (XS)

119,054 adults (prospective)

535 adults (RCTs)

Males and females; normal, overweight,
and obese; US, Sweden, Greece, UK,
Finland

Neutral

Inverse association between RTEC
consumption and BMI and % body fat
in all XS studies and prospective studies
and RCTs (in children: only when
accompanied by nutrition education)

weight was lower for those eating
RTEC daily (OR: 0.88; 95% ClI: 0.76,

1.0).

' RCT, randomized controlled trial; RTEC, ready-to-eat breakfast cereal; WHR, waist-to-hip ratio; XS, cross-sectional.
2 Determined by using the American Dietetic Association quality rating tool (11): positive, neutral, poor.

population, so further studies in other populations are re-
quired to confirm the findings.

Cohort studies. There are 2 other cohort studies (not in-
cluded in the meta-analysis) that reported on breakfast ce-
reals. The Melbourne Collaborative Cohort Study (123)
recruited 41,258 people aged 27-75 y at baseline and exam-
ined self-reported diabetes incidence after 4 y of follow-up.
There was no significant relation between total breakfast ce-
real consumption, with an adjusted OR for incident diabetes
of 1.01 (95% CI: 0.75, 1.35; P = 0.6). This study did not an-
alyze separately for whole-grain and refined-grain cereals
but did report no significant trend with cereal fiber con-
sumption (OR: 1.08; 95% CI: 0.88, 1.32; P = 0.46 for each
additional 10 g/d).

The second study aimed to identify a dietary pattern as-
sociated with development of T2D (124). It examined data
from 7339 British civil servants in the Whitehall II Study
who were followed for an average of 12 y. The study used re-
duced rank regression to identify a dietary pattern that was
associated with increased risk of incident T2D (adjusted HR:
1.51; 95% CI: 1.10, 2.09; P < 0.0001). This pattern was char-
acterized by high consumption of soft drinks, onions, bur-
gers, crisps, and white bread and low consumption of
medium- and high-fiber breakfast cereals. However, none
of the individual foods (including breakfast cereals) showed
significant associations with risk of T2D.

One other relevant cohort study is from the Nurses’
Health Study (125). Although it did not analyze for breakfast
cereals specifically, it reported on whole-grain, bran, and
germ intake and risk of T2D and found a reduced risk
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with total whole-grain intake when the highest and lowest
quintiles of intakes were compared (RR: 0.75; 95% CI:
0.68, 0.83; P < 0.001). The results for bran were similar
(RR: 0.72; 95% CI: 0.65, 0.80; P < 0.001), but there was
no significant relation with germ intake. However, the whole
grain and bran in these studies were from all foods, so would
include bread and other grain food sources as well as break-
fast cereals.

Overall, there were conflicting results from these cohort
studies. Although the Physicians’ Health Study showed a
protective effect of all breakfast cereals, the Melbourne and
Whitehall studies did not find this. It may be that the protec-
tive effects of whole-grain cereals or cereals with bran were
diluted in these studies, which did not separate out breakfast
cereals by subtypes.

Cross-sectional studies. There were 3 relevant cross-sectional
studies. A small Malaysian study in diabetic subjects found
an association between oat consumption and better blood
glucose control but no relation with cornflakes (113). A
U.S. study in young adults reported that RTEC consumers
were less likely to be overweight or have elevated serum in-
sulin, but the only association related to diabetes was a
slightly higher glycosylated hemoglobin concentration in
those who included RTEC in their breakfasts. There was
no difference in the prevalence of metabolic syndrome
(114). Results from the 2001-2008 NHANES showed that,
compared with breakfast skippers, RTEC breakfast con-
sumers aged 19-51 y were less likely to have elevated blood
glucose and metabolic syndrome, but there were no differ-
ences in those aged 51-70 y (115).
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TABLE 5 Body of evidence summaries on breakfast cereals and obesity’

Evidence statement and components Grade Rating Notes
Regular consumption of breakfast cereals is B — Body of evidence can be trusted to guide practice in most
associated with a lower BMI and a reduced risk situations
of being overweight or obese in adults and
children
Evidence base Excellent 4 Level | studies: 1 meta-analysis (positive quality) plus 3 sys-
tematic reviews covering 8 RCTs, 6 cohort studies, and 15
cross-sectional studies) (2 neutral and 1 positive quality)
14 Level Il studies (RCTs) (2 neutral, 12 positive quality)
15 Level IV studies (cross-sectional studies) (all positive quality)
Consistency Good All cohort and cross-sectional studies report consistent effect;
RCTs results are less consistent
Clinical impact Satisfactory ORs for overweight/obesity = 0.19-0.87 in meta-analysis
= 0.88 in cohort study
Generalizability Excellent Populations studied in the body of evidence cover a wide range
of ages and countries of residence
Applicability Excellent Directly applicable in populations in whom breakfast cereals are
consumed regularly
Consumption of breakfast cereal as a meal or snack B — Body of evidence can be trusted to guide practice in most
replacement can assist in weight loss in adults situations
Evidence base Excellent 7 Level Il studies (RCTs) (all positive quality)
Consistency Good Six of the 7 studies reported a beneficial effect on weight loss
Clinical impact Good Range of reported weight loss: 1.9-3.4 kg over 6 wk
Generalizability Excellent Populations studied in the body of evidence cover a range of
ages and countries of residence
Applicability Excellent Directly applicable in populations in whom breakfast cereals are
consumed regularly
Consumption of presweetened breakfast cereal C — Body of evidence provides some support but care should be
does not increase the risk of being overweight taken in its interpretation
or obese in children
Evidence base Poor 3 Level IV studies (cross-sectional) (all positive quality)
Consistency Good All 3 studies show no difference in weight measures
Clinical impact Poor Nil effect
Generalizability Good Populations studied in the body of evidence cover includes
studies in children in the US and Australia
Applicability Excellent Directly applicable in populations in whom breakfast cereals are
consumed regularly
Consumption of high-fiber breakfast cereals C — Body of evidence provides some support but care should be
improves satiety and reduces hunger taken in its interpretation
after a meal
Evidence base Good 8 Level Il studies (RCTs) (6 positive quality, 1 neutral, 1 poor
quality)
Consistency Poor 5 of the 8 studies reported a beneficial effect on satiety and
hunger; 3 found no effect
Clinical impact Good Range of improvement ranges from 13% to 76% in supportive
studies
Generalizability Good Populations studied in the body of evidence cover a range of
ages and countries of residence
Applicability Excellent Directly applicable in populations in whom breakfast cereals are

consumed regularly

' RCT, randomized controlled trial.

Intervention trials. Most of the other evidence comes from
11 short-term studies examining the effect of different food
products on carbohydrate metabolism (126-136). Table 6
summarizes the results from these RCTs: 6 in diabetic and
5 in nondiabetic adults. All but 1 were short-term studies
comparing the effect of different breakfast cereals on glucose
and insulin responses. One 6-mo study compared the effect
of high- or low-GI cereals added to the diet of subjects with
non—insulin-dependent diabetes (131).

Several studies reported improved glucose or insulin re-
sponses with oat-, barley-, or psyllium-based cereal or muesli
breakfasts compared with other breakfast cereals in diabetic

subjects (126,127,129,131,136), and the effect was also seen
in some studies in normal subjects when cereals with B-glucan
were studied (130,134). In normoglycemic subjects, higher-fiber
breakfast cereals seemed to reduce postprandial plasma glucose
responses (132), but 2 studies found no difference between oat-
and wheat-based breakfast cereals in this regard (133,135). One
study reported no difference in insulin or glucose responses in
subjects with non—insulin-dependent diabetes whether breakfast
cereals were sweetened with 40% sucrose or were unsweetened
(128).

Several of the studies compared the effects of high- and
low-GI breakfast cereals. However, many factors can affect

Breakfast cereals review 649S



(panunuo))

(851d) ,'S|ea1ad paua
-19amsun 01 pasedwod WAJ| Yum sjdoad
01 [PIUDUILIIDP 10U 3Je $|BJ3D PRUIDIMS
-aid se OHD JO syunowe weib JudjeAnby,
‘S|eaw ay3 Jo Aue 01
95u0dsal UlNSUl Ul S9DUSIDHIP OU 2I9M 313y
-9502n|6 ewse(d 10} S|easad
7 941 10} DNV 3Y1 Ul 3DUISHIP OU SeM 21y
I1Sepealq |easaduou
91 yum pasedwiod [easad uedn|b-g b g 1o
‘9% UM (L00'0 > d) %8E PUe %l (SO0 >
d) %/9 219M 1sepiealq [eaad Jaye 2s0on|b
ewise|d Ul S95BRIDUI WUINWIXB "SIUSUIRIDUI
ulinsul pue asodn|b abelaAe pue yead syl
pasealdap AjpUedyIubIS Sisepealq [ealad
€ ||e ‘Isep{eaiq [ealaduou 3yl Yyum pasedwiod)
(ge1d) ,s1uaned
D19GRIP JO Wsljogelsw OHD ay3 saaoud
-WI S|P2J3D YDJe)S 9SeajaI-MO[S O} S|BaJad
pJepuURIS WO} AJUO 1Sepealq 1e Bulydims,
‘pouad Jssnwi ay) bupnp
(SO0 >d) N F ¥C O} ¥ F 8T JO Uesw
WI0J} S3SOP UlNSul Ajlep padnpal syuaied
>y gH ut ebueyd oN (500
> 4051 SAQZ1) Seyuiod yim pasedwod
1[SSNW DY} JSLE JIMO] %/ | Sem ujnsul bupse
(€200
=d 60 F L6 SAL0 F £/) Seyuiod
YUM pasedwod 15eealq [|sand Yiim Jamo)
%1 UOIBIIUSDUOD 3502N|6 poojq Ajiep ueapy
(500
>d), W - Ul - jowd 868 =Y SA866
=g 'SA 879 = D idD UOII2J33s ujnsuj snou
-5bopua $$3| PUP (Z0'0 > d) S|P 12410
410g 01 sasuodsal |§ pue Hd JdMOo| padnp
-04d (f|IL WIS pUB 1|SaNW) ) [BI\ JB[ILIS
9J9M g pue V/ s|eawl 0} sasuodsal [eipueidisod

ulnsul 9314
9500n|6 ewise|d
10} Y € J9A0 DY

y ¥ Jano
paJnseaw ujnsul
pue 3s0on|6 ewse|d
letpueldisod Jo DNy

pouad 131p jo pua
18 ||D [eJo Jaye y
€ J9A0 pue ‘Aep ay3
1noybnoiyy ulnsul
pue 3s0dn|b ewiseld

sasuodsal (¢D)
opndad-D pue ‘(s)
ulnsul wniss ‘(94d)
9500N|6 |eIpurIdiSOd

191eM UM PaWNSUod ||y
auole 9s00N|b (
3Uo[e 350.0N5 (£
(0D BboJI3y Y10Q) (950410NS
90) (P24 S4BYPUIOD PIUSIIIMS (7
[P242D DHRUIOD PIUSIIMSUN (|
(2e4ns Apog W
€/'1/6 05) OHD 104 paydlew sjeaw 4

wiel pue ‘Wey ‘peaiq [esaw-a|0ym
YUM | pue ‘S1eo woij uedn|b-g

6 18 40 ‘9 " YUM [B213D 15ep{RRIq

POPNIIXS UB PUE Y|ILU YLIM S[eaul €

AW Sjoym Wi 0C L
+1e6Nns 6 7| + saelulod b G¢ Sy
I
SoyMm W gL + jsenw B §9 :5YS
S|eaw Isepeaiq ¢
9940 O B3 Y|l YUM ||y
ljsonw b g7 D
15RO} [BAW-9OYM ‘XIG-199M T 9
22In( abuelo
1580} [PaW-3|0YM SIS 7 'sbba 7 v
(6 09-+5) OHD Pue (P
087—0/%) AB1aus Ul paydiew sjesw ¢

"y € 10§ S|eAl)

-Ul Ul O€ 1e pa1d9||0d poo|q
‘uenaIp e Ag paledaid asem
S|esy ‘Wede y z/ ‘p  Jo Uap
-10 WOpUEJ Ul S|eaul Isepiealq
1591  UIAID $193[gng “Apnis

UBISP I2A0SSOID PazZIWOopUeY

‘OHD 6 5¢

Buipiroid yoes ‘sKep juaiaylp

UO JOPIO WOpUERI U| ‘S|eaw 1sey
-{ealq  UaAIb s19(gns “Apnis

UBISP JI2A0SSOID PaZIWOopUeY

pooy

3oeuUsS Buluiow pue (OHD b 9p)
15ep{ealq Sy 10 SYS YHM PapIA
-0i1d InQ 131p [BULIOU PIMOJ|0}
S)URd INOYSeM YM-| A palel
-edas spouad Ym-| oM Apnis

ubISaP J9A0SSOID paziopuey

ye

10} S[eAJIUL UIW € 18 P31D3)|0D
poo|q ‘uepnalp e Aq pasedaid
sjesyy Wede y gy ‘p € Jo Iap
-10 WOpUEJ Ul S|eaul 1sepiealq
1591 € UaAID $103gng "Apnis

UBISP I2A0SSOID PaZIWopuey

SN -wadl yum
K GZ—7| pabe (ssjew

-3} pue sajew) s13Agns ¢

PUBLIDZIMS

NAdIN yim
(K 59-61 pabe ‘sajew

-3} pue sajew) s12(gns g

pueUSZIMS 67 =
(;W/B ul) g uesw K
69 = abe ueaw ‘ujnsul
UM pa1ead) 'WAadIN

7 2dAY yum synpe |

el[esISNY ‘UINSUl Yaim
pa1eaning WAdIN Yam
(K 69—t pabe ‘sajew

-3} pue sajew) s3(gns g

SISO

SAISO

SANISOd

SISO

(871) 1’12
JEIEENV

(621)
‘le 19 Adde|

ozl
e 19 Kejoo

(L21)eae
1nibejod
s19(gns
oh9geld

synsal A3y

Sawodi1nQ

191d

ubisap Apms

uonedo| Apms
pue spafqns

Bunes
Aujenp

[CEIEIETEY)
sioyiny

meuwo_m__u pue sjealad jsepjesiq JO S|el] UollUsAILU|

9 319vL

650S Supplement



(panunuo))

(sgz1d) ,usw diwaulns

-unadAy pue [ewou ul sasuodsal 950on|6
S9ONPaJ 12qly (B39 SNODSIAUOU Ul LDl DY,

'S|0J1UOD [BULIOU JOU NG

(Pv00 = d “1/10wd GS F 8% SA 67 F 1SE)

usW dIWRUINSULRAAY Ul [ea19D Jaqy-ybiy
AQ padnpai Ajuo sem asuodsal yead ujnsuj

(1000 > d “/UIW X [OWW 8 F 0EL" SA £

15ep{ealq
19 Y 7 Jano

RIS
18J-MO| TW OSZ YIM PaWNSUOd yiog
(19qy Aexaip 6 g0 + OHD dlgejtene
6 8¢ :(SaeUIoD) [BRIDD 1L-MOT (7

15e4 1YDIUISAO Jalje pawns

epeued

‘(1/lowd =) unsul
Bunse) ybiy pue |euliou
Ol P3PIAP FE-G'8L =

¥ /01) [P2J3D 12qY-ybIy JaYe SS3| Sem 35ead painseaw ujnsul 1901 b /£'9¢ + OHD 9|qejieae -U0D s1sepjealq 7 Yim Apnis IWg ‘A 5/—8| pabe uaw (zEl) |21
-u 9500n|6 ewseld DNy Y-g ‘s199(gns e uj pue asodn|b ewseld B g9¢ ((UQ 12q14) [Ba19d Jaql-YbIH (| ubisap JaA0SSOID paziwopuery JnageIpuou AYieay // 19A3[OM
s33[gns
Ol9qeIpUoON
(99d) ,s31€35 dI_geIpaId pue dnage
-Ip 9Y3 Y10q Ul [eRYBUS] S| AMO|s Pagios
-ge e 1ey) OHD YlM Spooy Jo uoIsn|dul,
(1000 > d)
IP/NIWEZE F €6 'SA 9 F O¢ :ulnsy ybiusn0 SN
(1000 > d) pue [eaw Buluans pazipiep ‘(€€ = IWg uesw ‘A 79 =
Ip/BW +€ F 007 SA €1 F €8 :9500N|D -Uels Jaye paisal $103lgns ‘no Sbe uRSW) USWOM pue
:SD1190eIP U S1BO Ul 945 "SA uedn|b-¢g -ysem p /—¢ Aq paleledas Aep usw WQQIN z 2dA1 g1
'$193(gNS D19CRIP pUe [ewiou %G| PaUIRIUOD Aj2IRg USBMOId 1591 4Dea ‘|0J1u0d Juswade|dal pue
U10g Ul [eawieo yum pasedwod Asjleq y 7 Jano ulnsul 191eM W 09€ YUm [eaw pinbi| e pue ‘sjeaul 1593 (0€ = IINg ueawl ‘A
YSemold ay1 Yum Jamo| Apuedyiubis a1om pue 3s0on|6 ewse|d pa%00d (Jaqy b €7) sovey Aapieq 1sepjealq |easad ¢ buledwod 96 = abe uesW) USWOM (951)
SUOIBIIUIDUOD UlNSUl pue 9s0dNn|b DAY YL leipueldisod DNy ysemold 1o (Jaqy 6 /) |eauwreo b g9 UbISOP J9AOSSOID PAZILUOPURY  PUB USW DII9GRIPUOU 9| 9AIISOd ‘1813 ||]opuay
(6erd) , [snujdw s19qeIp] WQ ¢ 3dAL
YHM $123[gNS Ul OW 9 JSAO |0JJUOD DIWD
-A|I6 U0 S193Y)3 SNOLRIS|SP OU pey [eaId
15eJ3{e31q WOI) 3eIul OHD Ul 951Ul 901 Y,
(S00 > d) dnoib v4n
9yl Yum pasedulod 1sepealq [eaiad Jaye |0 9AI|0 pue
SUOI1RIIUSOUOD Ulnsul ewse|d Y- 1aybiy aupeblew UsAID $193(gns 121p-Y4NIN
pey sdnolb juswieal) [easad ybnoyje wnijiAsd yum [ealad 120 papn.y |B2132 15EPBIG OU YUM
‘SJUDWIIBDI] UDaMISQ 950dN|D Bunsey 1o 2ty -x9 adA10101d 10 (BHOJBY) wini| el Y4NIN-Yb1y Jo ‘|easad 1sey
QH Ul S9OURIaHIP 1UedLIUBIS OU 2I9M 243y -JAsd Yum Spng Ueig S[ea1dd [D-MOT  -4eaiq [D-MO| ‘[eatdd 1sepeaiq epeue)
"‘OHD wouy Ab1sua ulnsul ewseld (s3uswijdwod InQ) 901 Adsid 19-yb1y wioly ABIsuUD 90| 0w /T = INg ueaw ‘A
2I0W 950 PAWNSUOD S1I3(QNS SISep|ealq 9500N|0 Bunseq (S| PeaYMOlly) 931 paynd ‘(Yied 9 bunse| Yyoes sulle juswieal} 79 = abe uesw NAdIN (L€1)
[B2I2D YU JUSWILRIY 4NN YHm paleduwlod) by gH $,2IN1BN)) SONBUIOD :S[easad [D-UbIH € yum ubisap [9)eled paziuopuey 7 3dA yum s1algns z/ dAIISOd ‘|B 19 SeljyisL
synsal A3y sawodnQ 191 ubisap Apms uonedo| Apms Bunes [CRIEIETEY)]
pue spafqns Anjend sioyiny

(panunuod) 9 319VL

Breakfast cereals review 651S



‘SN1[[oW $9130eIP JUSPUSASP-UlNSUI-UoU ‘NAQIN ‘Shal

“Y2JeIS 35B321 MOJS ‘SHS !|PaIDD Isepiealq 1ea-03-Apeal D31y
W s219qelp uspuadap ulnsul ‘WAal ‘uigo|bouay patedA|b Pty gH el aduela|ol 950oN|6 ‘19 xapul dIwadA|6 9 ‘B1es Bulidwa duised ‘Y30 ‘ydiels asea|dl Ise) ‘Sy4 B1eIpAyoaIed ‘OHD |

(/1d) ,uswom
95900 Ul elwadA|b1adAY Jo Juswsbeuew
KIR13Ip JO UoISN|DUI 3Y1 Ul [Nyasn anoid
Kew s1onpold utelb-sjoym ueon|b-g ybiH,
‘6510 0°SA (SO0 > d) Ulnsul 1oj DNY
pasnpal Apuedyiubis [easad uesn|b-g b 0|
'S|P243D USIMID] J2HIP 10U PIP DNV Y-Z INq
(SO0 > d) uIw Og 3e 2s50on|6 yead paonp
-a1 Apuediiubis [ea1ad uedn|b-g 6-0| 9y
(009d)
,1doad Ayyeay ui sasuodsal ulnsul pue
3500N|6 Ul $3583103pP JURDLIUDIS B 10) [9A3)
[PD13ID B 97 01 SUI93S S1e0 Wolj uedn|b-g b 1,
(500
> d) %y— "UIINSUl 96€ 67— 950oN|6 DNY
:95u0dsal DIWRIA|D 1aMO|
e paonpoid (I|senw ou) [eaw dUJJal
e yum pasedwod suedn|b-g b & Yum 1ssniy
"DURIJRI Y} YUM
patedwod asuodsal JIWRdA|6 Ul 9duIayIp
1uedIUbIS ou aAeb suedn|b-g b € yum 1senpy
(1d) ,2us1u02 130 J2ybiy e 01 anp Ajgego.d
‘Sa¥el} UIOD puUB S¥e|} 180 03 paleduwlod
USYM 43I SY3 SMOJS S4B} Uelq [ealad),
*A1911eS 10 9502N|6 J0) DNV Y-C
3U) Ul S2DUJRHIP JUBdYIUDIS OU 2Ja9M 1Y
"SOYBUIOD WO JUIIP Apuedyiubis
10U seM INg (SO0 > d) (%1S) [ea49 paseq
-1e0 3y} Yum paiedwiod (9%€€) YIO Jamoj
B Ul p)|NSal [ealad paseq-ueig-1eaym ay |

(L€d) ,s1uauieain [1eaym
PUE 180] U99M13( JaIp 10U PIP Y 01 J9A0
sasuodsal 950on|6 pue unsul [eipueidisod,

Y € J9AO painseaw
ulnsul pue 3s0on|6
ewseld |eipueidisod

[PSW 15Bp{RIq

Ja)e Y 7 Jan0 pains
-eaW UINSUl pue

9500n|6 Poo|q JO DNV

2102s

Aisnes pareplien (€
sajdues youd-1abuly

woi} 950oN|6 poolg (¢
Aydeibouoselyn
duli}-|eal

AQ painsesw Yo (|

|p2193 10y
Buipnppul 1sepealq
Buipeo|-1ej e Jaye
Yy 0l Jon0 sasuods
-9J ulnsul pue
as00n|b [eipueidisod

BuInIaS

Jad ueonib-g 601 10°5/'S'ST 0

YuMm (AsJeq pue 1eaym paxiwl) sjeal
-92 10y paydlew-OHD pue -Abisus g

SoYel) 18O URY) JS1el

UJOD UM []S9NUI PISN [BSW 30UIDJRY
OHD s|gejiene

6 0 Jo [PI0) B O) PazIpJepuUeRlS S|
191INQ pue ‘3533 ‘pealq
SUYM JO ydimpues e snid ‘LunboA
e||lueA yim panss ‘uedn|b-g jo

B 10 € yum apew ‘sijsanu Ueiq 1eo ¢

(12qy b G'1) sxeyuIod (¢

(12qy b 1) soxel} 100 [EAUI-DJOUM (¢

(12qy 6 §7) ueig-lv (1
H|lw Inos

6 00 Yum panias [ea1d b oG yoe3
[P213D 1B3YM
-pajjos 30y p/6 09 snid (660jj=M)

SIEAUA-IUIAL PR1SOI4 P/ 78 183U
|eoWIRO J0Y

p/6 09 snid D314 ueiq 1eo p/6 9/ 180
papinold sjeai

-9 paydIeW-Iaqy pue -Abisus om|

158} 1ybIuIano pue [eaw bul
-USA3 Pazipiepuels Jaye paisal
s103(gNns Inoysem p-/ Aq pajel
-edas Aep 1591 Yoea ‘sjesw 1531

1sep{ealq ea1ad G bupeduwod

ubisap J2A0SS0ID paziwopuery

pede ym | ‘1se} 1ybIuIsno ue
J2)Je USye) S|eaul 1591 1sepyealq
7 yum Apnis ubisap I9A0Ss0ID

‘Uede ym | ueyl aiouw

158) 1YDBIUISAO Ue J3)je UMe)

S|PAW 1SBP{RRIG € YUM ApPNiS
UBISSP J9A0SSOID pazIilopuey

191P [BNSN 01| $|e313D 1Se{ealq
paseg-1eaym Jo -1eo buiel
-0dJ0dUl INOYSEM YM-| B YlM
SpoLad JUSWIeal) YM-7 OM]

Yam Apnis J9A0SSOID paziwopuey

SN ‘TEE = INg
ueauwl ‘A |G abe ‘uswom
95970 JJWdA|BowIou /|

USPamS 77 = INg

ueawl ‘A g€ = abe ueawl

‘USWOM pue ueawl
dnvgelpuou Ayiesy 61

Uspams ‘7z

= |G ueaw ‘A gz = abe

UeaW ‘USWOM pUB UsW
dieqgelipuou Ayieay g1

SN

‘7e> INg yum A $5-62

pabe uaw bupowsuou
nagelpuou Ayyesy /g

synsaJ A3y

sawodnQ

110

ubiseap Apms

uonedo| Apmis
pue spafqns

(rel)
3ANISOd HERERN
(0gl) e 39
3ANISO( 1p|ojueID
(S€l)r1R
Z2IMOGRIH
(€L)
9AlISOd ‘e 13 ey
bunel [ERIEIETEY))
Ajjend sioyiny

(panunuod) 9 31aVL

652S Supplement



GI values, and its practical application may be limited as a
method of assessing the healthiness of individual foods.
This is supported by a study in women who consumed
high- or moderate-GI breakfast cereal breakfasts (GI: 77
vs. 51) (137). There were no differences related to the break-
fast type in plasma glucose or insulin responses, nor esti-
mated fat and carbohydrate oxidation rates during the
subsequent exercise periods. Furthermore, a recent study
of 43 Australian breakfast cereals showed that there was
no relation between the sugar content and the GI value of
breakfast cereals (82).

In summary, there are few long-term studies examining
the relation between breakfast cereal consumption and dia-
betes risk. There is some evidence supporting the role of
breakfast cereals, especially those higher in fiber, in the man-
agement of diabetes, but the evidence is not strong. Table 7
summarizes the evidence, but more studies in different pop-
ulations are needed to confirm these relations.

Cardiovascular disease

Meta-analyses and reviews. There are no meta-analyses of
the relation of breakfast cereals with the incidence of cardi-
ovascular disease (CVD). However, there are 5 meta-analyses
of whole-grain cereals generally (138—142), which all reported
a finding of reduced risk of coronary heart disease with
whole-grain consumption, ranging from 19% to 30% reduc-
tions with intakes of =3 servings/d. Similarly, a meta-analysis
of the effect of dietary fibers on blood cholesterol reported
significant decreases in total and LDL cholesterol with the
consumption of oats and psyllium (143), and a recent meta-
analysis concluded that insoluble fiber from cereal sources is
inversely associated with risk of coronary heart disease and
CVD (144).

Bioactive components of the aleurone in bran may be
particularly important in reducing the risks of CVD (145),
and the position of the ASN is that “consumption of foods
rich in cereal fiber or mixtures of whole grains and bran is

TABLE 7 Body of evidence summaries on breakfast cereals and diabetes

Evidence statement and components Grade Rating Notes
Regular consumption of whole-grain and high-fiber B — Body of evidence can be trusted to guide practice in most
breakfast cereals is associated with a reduced situations
risk of diabetes

Evidence base Good 1 Level | study (meta-analysis of 3 cohort studies) (positive
quality)

Consistency Good All studies reported a protective effect from whole-grain
breakfast cereal consumption

Clinical impact Good RR =0.76 (95% Cl: 0.69, 0.84) for daily consumption of whole-
grain breakfast

RR =0.73 (95% Cl: 0.59, 0.91) for each additional daily serving

Generalizability Satisfactory 2 of the 3 studies were in U.S. health professionals, and it is
hard to judge if it is reasonable to generalize to the total
population

Applicability Good Directly applicable in populations in whom breakfast cereals
are consumed regularly

Regular consumption of breakfast cereals is D — Body of evidence is weak and recommendation must be
associated with a reduced risk of diabetes applied with caution

Evidence base Good 3 Level lll-2 studies (cohort studies) (all positive quality)

2 Level IV (cross-sectional) (positive quality)

Consistency Poor One large cohort study reported a protective effect from
breakfast cereal consumption but 2 others found no effect,
nor did the 1 cross-sectional study

Clinical impact Satisfactory RR = 0.69 (95% Cl: 0.60, 0.79) for daily consumption of
breakfast cereals in the Physicians’ Health Study

Generalizability Satisfactory Studies were conducted in the US, UK, and Australia

Applicability Good Directly applicable in populations in whom breakfast cereals
are consumed regularly

Consumption of high-fiber breakfast cereals, especially C — Body of evidence provides some support for
those high in soluble fiber, may assist in the recommendation but care should be taken in its
management of hyperglycemia in people with application
diabetes

Evidence base Satisfactory 5 Level Il studies (RCTs") (all positive quality)

1 Level IV study (cross-sectional studies) (positive quality)

Consistency Good All studies consistent

Clinical impact Good Plasma glucose 21-67% lower after high-fiber cereal vs.
controls

Generalizability Good Populations studied in the body of evidence cover a wide
range of ages and countries of residence

Applicability Excellent Directly applicable in populations in whom breakfast cereals

are consumed regularly

" RCT, randomized controlled trial.
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modestly associated with reduced risk of obesity, T2D, and
CVD” (146).

A Cochrane review of whole grains and heart disease
noted specifically that 8 of the 10 studies were with oats,
and that their meta-analysis found effects of lower total cho-
lesterol (—0.20 mmol/L; 95% CI: —0.31, —0.01 mmol/L;
P = 0.0001) and LDL cholesterol (—0.18 mmol/L; 95%
CL: —0.28, —0.09 mmol/L; P < 0.0001) from oats (141).
There are also meta-analyses reporting significant cholesterol-
lowering effects of barley (—0.30 mmol/L; 95% CI: —0.39,
—0.21 mmol/L; P < 0.001) (147) and psyllium-enriched cereals
(—0.30 mmol/L; 95% CI: —0.40, —0.20 mmol/L; P = 0.001)
(148).

At least 8 other systematic literature reviews (149-156) all
reported a finding of reduced risk of coronary heart disease
with oat, barley, or psyllium consumption, ranging from
19% to 30% reductions in cholesterol concentrations with
the highest intakes of =3 servings/d.

Cohort and case-control studies. Four cohort studies and
1 case-control study reported on CVD outcomes with break-
fast cereal consumption (Table 8). The study in UK vegetar-
ians only looked at bran-based breakfast cereals and found
no relation with ischemic heart disease incidence, but the
other 4 studies all reported protective effects from whole-
grain breakfast cereal consumption.

Intervention trials. Most intervention trials measured
short-term effects on blood lipids or blood pressure. Four
looked at the influence of folate-fortified breakfast cereals
on plasma homocysteine. In addition to those studies in
the reviews and meta-analyses, 3 recent RCTs with oat-based
breakfast cereals confirmed their cholesterol-lowering effects.
A 12-wk study in overweight Taiwanese subjects reported a
10% reduction in total and LDL cholesterol when 2 servings
of oat cereals were consumed per day (103). A 12-wk U.S.
study in 204 overweight and obese adults found that
2 portions/d of ready-to-eat oat cereal lowered total choles-
terol by 5.4% and non-HDL cholesterol by 6.3% (86). In
Australia, a 6-wk trial providing mildly hypercholesterolemic
men and women with 3.2 g of B-glucan/d in 2 servings of
oat-based porridge or cereal bars resulted in reductions of
7.8% in total cholesterol and 8.4% in LDL cholesterol (157).

Wheat-based cereals do not have any effect on serum
cholesterol. The 2002 review by Truswell (156) noted that
of 34 published trials with wheat fiber, 27 showed no effect
and 2 showed increases in total cholesterol. This negative
finding has been repeated in several recent trials with
wheat-based breakfast cereals (158—160).

A Canadian study in 72 subjects with T2D randomly as-
signed them to 10% more energy from carbohydrate in the
form of low-GI breakfast cereals (Bran-Buds or oat cereals
with psyllium) (Kellogg) or high-GI options [cornflakes
(Nature’s Path), puffed rice (Arrowhead Mills), or crispy
rice (Our Compliments)], with a higher MUFA control
(131). There were no significant differences in serum total,
LDL, or HDL cholesterol between the 2 types of breakfast
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cereals, nor any significant effect on blood lipids over the
6-mo study (161).

One study that added 60-80 g/d of 2 refined-grain break-
fast cereals (Kellogg Corn Flakes and Rice Krispies) to the
diets of 209 free-living subjects in Finland found that this
led to a 2.5% reduction in saturated fat intake and a subse-
quent small (1%) reduction in total cholesterol over one 6-wk
period, which was significantly different from controls only
because their concentrations increased over the same time
(P = 0.007). However, in a second arm of the study, there
was no effect on blood lipids (91).

High plasma total homocysteine (tHcy) may be an inde-
pendent risk factor for CVD (162) and supplemental folate
can decrease homocysteine concentrations. Several studies
showed that folate-fortified RTEC can reduce elevated ho-
mocysteine (163-165), and 1 New Zealand trial reported
that fortified breakfast cereal was more effective in reducing
tHcy concentrations than supplements or dietary education
(166). Another study in 70 subjects at the upper end of the
normal range of tHcy found that 4 wk of daily consumption
of breakfast cereal fortified with 100 pg of folate resulted in a
16% reduction in tHcy (167).

However, these results should be interpreted cautiously.
Subjects with moderate homocysteine concentrations who
are already eating other folate food sources regularly may
not benefit (168), and a meta-analysis of 19 studies concluded
that B-vitamin supplementation to reduce homocysteine does
not have any significant effect on risk of CVD (169).

Cross-sectional studies. Ten cross-sectional studies were
identified, which were not included in the systematic reviews
(32,40,110,113-115,170-173). Given the low value of cross-
sectional designs, only brief descriptions of these studies are
summarized in Supplemental Table 6.

In summary, there is strong evidence from the RCTs that
consumption of breakfast cereals that are sources of soluble
fiber (from oats, barley, and psyllium) is associated with bet-
ter cardiovascular lipid profiles —specifically lower total and
LDL cholesterol—although there seems to be no effect on
HDL cholesterol. There are few intervention studies exam-
ining the long-term risk of CVD outcomes, but the few co-
hort and case-control studies mostly support a protective
effect for whole-grain breakfast cereals. Table 9 summarizes
the body of evidence statements.

Hypertension

Evidence examining the relation between breakfast cereals
and hypertension is limited to just 3 RCTs, 1 cohort and 2
cross-sectional studies (Table 10). The most convincing ev-
idence comes from the Physicians’ Health Study (174). It
found a 19% reduction in hypertension risk with daily
breakfast cereal consumption and a stronger relation with
whole-grain than with refined-grain cereals. The authors
suggested that a number of components in cereals—including
folate, magnesium, potassium, and fiber—may be responsible
for this effect. However, these results were obtained in physi-
cians who are likely to have generally healthy lifestyles, and
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Key results

Outcomes

1200 cases of HF

Diet
Semiquantitative FFQ; for breakfast ce-

Study design

study location

rating

(reference)

Compared with those who never or

Prospective cohort

20,900 male physicians

Neutral

Djoussé et al.

rarely consumed cereals, men who
consumed =1 serving/wk had a

Lifetime risk of HF at age 40 y ac-

reals, specific brands, portion sizes, and
frequencies were recorded; 7 fre-

study with 224y

follow-up

aged 40-84 y in 1992,

(273)

cording to 6 lifestyle factors, in-

cluding breakfast cereal

consumption

free of CVD at baseline,

lower lifetime risk of HF:
% Lifetime risk: 12.9 (95% Cl:11.7,

quency categories from never to =2

in the Physicians' Health

Study; US

servings/d; whole-grain classified ac-

14.1) vs. 15.0 (95% ClI: 13.5, 16.50) (P

value not stated)
“Consumption of breakfast cereal and

cording to Jacobs (=25% whole-grain

or bran content) (122)

fruits and vegetables were individ-

ually associated with a lower life-
time risk of heart failure.” (p397)

' CVD, cardiovascular disease; HF, heart failure; IHD, ischemic heart disease, MI, myocardial infarction; SMR, standardized mortality rate.

the results do not provide any data on hypertension risk in
women.

In the 2 cross-sectional studies analyzing data from
NHANES, the consumption of RTEC at breakfast was associated
with a 36% reduction in hypertension risk (114,115,173).
The results from the 3 RCTs are less consistent and were
all primarily focused on oats. One study with both oat-
and wheat-based cereals reported no effect on blood pres-
sure (175). Of the 2 others with oats, 1 found a reduction
in the need for hypertensive medication (176), whereas
the other found a hypotensive effect of foods with B-glucan
(of which only 2 of the 3 daily servings were from breakfast
cereals), but only in obese, hypertensive subjects (177).
None of these studies examined the effect of breakfast ce-
reals in normotensive subjects. The evidence base is there-
fore very limited, if suggestive, and this is reflected in the
evidence summary in Table 11.

Digestive and gut health

Celiac disease. There has been debate about the extent to
which oats may be tolerated in a gluten-free diet because
of their lower prolamine gliadin content compared with
wheat, rye, and barley. Uncontaminated oats are consumed
by >70% of patients with celiac disease in countries such as
Sweden, Finland, and The Netherlands (178), and at least
1 randomized trial found that oats do not induce antibody
responses in children with celiac disease (179). The Cana-
dian Celiac Association notes that it is possible to produce
oats without contamination from other grains and that in
well-controlled individuals the incorporation of up to 50—
70 g/d of pure oats may be possible (180).

One systematic review of 15 clinical studies in adults and
children concluded that the majority of people with celiac
disease can tolerate moderate amounts of pure oats, but
that individuals should have both initial and long-term as-
sessments by a health professional when introducing oats
(181). A more recent systematic review identified 17 pri-
mary studies, of which 6 met inclusion criteria. None of
the 6 studies found any significant differences in the serology
between oat consumers and control groups, although 2
found significant differences in intraepithelial lymphocyte
counts (182). The authors concluded that oats can be symp-
tomatically tolerated by most patients but that long-term ef-
fects of a diet with oats remain unknown.

These conclusions were supported by a recent double-
blind multicenter study in 8 pediatric clinics in Sweden
with 93 patients on strict gluten-free diets, which showed
that the addition of moderate amounts of oats (25-50 g/d)
did not prevent clinical or small bowel mucosal healing or
humoral immunologic downregulation in children (183).

Laxation and constipation. The effect of dietary fiber on
stool weight was estimated in a meta-analysis of >100 studies
(184). Breakfast cereals provide 8-12% of the dietary fiber in
adult diets in the United States, the United Kingdom, and
Australia (64,185,186) and therefore have an important role



TABLE 9 Body of evidence summaries on breakfast cereals and CVD'

Evidence statement and components Grade Rating Notes
Regular consumption of oat-, barley- or psyllium-based A — Body of evidence can be trusted to guide practice
breakfast cereals can help lower total and LDL
cholesterol concentrations
Evidence base Excellent 6 Level | studies: 3 meta-analysis plus 3 systematic reviews
covering over 70 different RCTs (all positive quality)
3 Level Il studies: RCTs (2 servings of oat-based cereals/d) (all
positive quality)
Consistency Excellent RCTs results show consistent protective effect
Clinical impact Good In meta-analyses, reductions ranged from 0.2 to 0.3 mmol/L
(total cholesterol) and from 0.1 to 0.35 mmol/L (LDL
cholesterol).
Generalizability Excellent Populations studied in the body of evidence cover a wide
range of ages and countries of residence
Applicability Excellent Directly applicable in populations in whom breakfast cereals
are consumed regularly
Regular consumption of whole-grain breakfast C — Body of evidence provides some support but care should be
cereals is associated with lower risk of CVD taken in its application
Evidence base Satisfactory 4 Level Il studies (3 cohort and 1 case-control) all positive
quality)
1 Level IV study (cross-sectional) (all positive quality)
Consistency Good Most studies consistent. Lack of effect in 1 cohort study may
be due to low background risk in the vegetarian cohort
and limited diet intake data.
Clinical impact Good RR for CVD: 0.72-0.80
OR for IHD incidence: 0.38
Generalizability Good Populations studied in the US, UK, and Norway
Applicability Excellent Directly applicable in populations in whom breakfast cereals
are consumed regularly
Regular consumption of breakfast cereals is associated D — Body of evidence is weak and must be applied with caution
lower total and LDL-cholesterol concentrations
Evidence base Poor 10 Level IV studies (cross-sectional in children and adults) (all
positive quality)
Consistency Good Mostly consistent effect, but some report effect only with
whole-grain cereals
Clinical impact Satisfactory Moderate effect: generally 1-7% reduction
Generalizability Excellent Populations studied in the body of evidence cover a wide
range of ages and countries of residence
Applicability Excellent Directly applicable in populations in whom breakfast cereals

are consumed regularly

! CVD, cardiovascular disease; IHD, ischemic heart disease; RCT, randomized controlled trial.

in supporting healthy laxation, but clearly this varies depend-
ing on the type of breakfast cereal and its fiber content.

Several studies have shown that adding dietary fiber (via
bran or other means) to breakfast cereals in institutional set-
tings such as nursing homes can alleviate problems of con-
stipation (187-190), but there have been few studies directly
examining the association of breakfast cereal consumption
with digestive problems generally. Five such studies were
identified—4 randomized trials (1 reported in 2 separate ar-
ticles) and 1 cross-sectional study—and are summarized in
Table 12. The number of studies is small, but the consistent
findings, supported by many other studies on dietary fiber in
other forms, allows an evidence statement to be developed
with confidence (Table 13).

Dental health

Three published studies examined the relation between
breakfast cereal consumption and dental health in children
and adolescents (Table 14). No studies in adults were found.
In all but 1 of these studies (191) the authors reported the

total sugar content of cereal products, which includes not
only added sucrose but also sugars from fruit or milk
ingredients.

One study examined the cariogenic potential of PS break-
fast cereals by using 3 methods to measure the in vitro ability
of a cariogenic strain of Streptococcus mutans to produce acid
from fermentable carbohydrate after the consumption of
breakfast cereal by volunteers either with or without milk
(192). The 12 cereals tested ranged in total sugar content
from 3% to 45.9%, with 9 cereals containing >25% sugar.
A positive correlation was found between total sugar content
and the production of acid, and the 6 cereals with the great-
est pH change had a total sugar content of =42%. The ce-
reals judged the least cariogenic (with the smallest change
in pH, concentration of calcium release from hydroxyapa-
tite, and decreased salivary retention time) all had total sugar
contents of <10%.

However, because of the complex interactions between
dietary constituents and teeth in the development of dental
caries, it is not possible to give absolute determinations of

Breakfast cereals review 657S



(panunuo))

(98/d) ,'s193(gns as3qo
Ul aJnssaid poojq uo sieo
woi} uedn|b-g bulureuod
SPOOJ JO S123Y2 [eDyaURg,
(200 > 4 yoq) bH
W 6’1+ SA €7— Dljoiselq
BH ww /7
+ 'SA 9'G— DI|0ISAS
'SP0O0J |0J3U0D
UIM ‘SA dg Jamo| pey
191p uedn|b-g yum Ajuo
(§'LE< ING) s13[gns 35390

Aep ay3 noybnoiyy
Juup e se Jlapmod uedn|b-g
e pue ‘|eaJad [eaUl1eo 10y

SPOOJ [011UOD IO S1EO WoJ) uedn|b-g
p/6 /77 Butnsuod syuedidpied yum ‘euy

SN (BH

W 601-98 = dl|03s
-eIp Jo/pue ‘BH ww
6£1-0€1 = 21015As)
dd peieAdje tim

|[BI9AO Sulle e ‘D314 UrIQ 1RO UB pawns
U99M13Q dg Ul 9bueyd oN dg bunsay -U0D $103[gNSs UONUSAIIU| P3]|0J1UOD PUI|G-2|gNOP PSZILIOPUEI YM-7 | USWOM puUe UsW /6 SAIISOd (/1) 1219 Bl
(€6¢d)
,|0lu0od dg anoidu pue
UOBDIPaW dAISUSLIRAAY
-JUe JOJ P2U Y} 2dNpal NI=EIES)
Ued $1e0 3|oyM Ydu-1aqy P358G-UI0D/1B3UM :|0JIUOD) SN (60€
9|gN|os bujueIuod 131P v, (p/uedn|b-g b 7' = = |INg uesw A 9'/¢
(SO0 > d) |10 sa1enbs 1e0 Jaxenp buines | SUOIUIAIDIUI = obe ueawil) UOIS
-U0D Ul 9% sA dnoub syeo + |eauwieo buinss |) $1e0 |19 UJ0D/1B9YM ISQY-MO| D1IO|eD0SI -UsuadAy Joj pa1
Ul 9E/ {UOIIBDIPU DAISUSY :Aep Jad |eassd Jo 10 P20 18O J3Y1IS YIim ‘[el) dnoub-|3) -eal) buleg uswom
-19dAynue 1oy pasu pasnpay uopedIpaW dAlsusUadAynuy  sbuiaes g buneiodiodul s131Q -|leJed p3||0J1UOD PAZIWOPURI-O0PN3SA M 7 | €% pue usW Gy SANSOd  (9/1) '|e 12 suld
395 Aq
(reed) sdnoib L1og ur OHD UBSW SY1 paseaidu] Sjeassd)
0349 bulamol-dg |eusue [ESWI1EO JO |8l
Ue BIA PALI9JUOD 3G 10U Aewl -3 |02 URIG-1BO IS3END :Pasn S[ealad 1eo
uonduwnsuod 1e0 Jejnbai Jo ¥oeusS e se ‘|eauad |einieu 10y 183y SOYM S IYION
12U dAnD01dolpIed Auy, (1B3YM JO 180) PRI PIOD Y (7 'SIBIYM-IUIN S,0D00][3Y :pasn S[eaad 1By SN ez = (W
S191p |eaJad 15epiealq 1e p/iaqy /B ul) [Wg ueaw
1e3UYM JO 100 3Y1 JSYlIS YlIM (3B3YM 1O 1RO) B 10Y V/ (/ Aieaip b 7| Buipinoid ‘sjeasad 1esym ‘A 65 = 9be uesw]
uaW aAIsUSLdAY Ajpjiw ul AljigeueA dg :Kep Jad sjeaw 10 120 uleIb-3j0yM BulwNsUod syueddn USW SAISUSdAY (s/1)
dg Y- 1O [BNSED UO 10949 ON dg paiess pue auidns bunsay [e2122 7 snid 131p [eWlION -Jed YlIM ‘|eLi} Pa||0JIu0D PazZILOPUR) YM-7 | Alpliu 1yBIamIano 9¢ SAIISOd ‘|e 19 AaeQg
s)nsaJ Aoy sawodInQ 1910 ubisap Apms uonedo| Apnis bunes [CRUEIETEY))
pue sypa(qns Aujend sioyiny

,uoisuanadAy Jo ysu pue [eaJ93 1sepiealq Jo sAPNIS 0L 19Vl

6585 Supplement



82192 IsepieaIq 1es-01-Apess ‘DILY L1eIpAyogied ‘OHD ‘einssaid poojqg ‘dg

/9100 > d (/80 901D
956) €90 = S 'SA D31Y
/9100 > 4 '(66'0 '850 1D
9%56) 90 = 90 SA DI1Y
SYO “UoIsusURdAY aney
01 K[| $S3] %tz d1oMm
SIBUINSUOD D [Y ‘SIBUINSUOD
1sep{ealq JsYio Yyim pasedulod)
KoL
—1G pabe synpe ul sadUI3)
-JIp JuedYIubIS OuU 21aMm 3By
/000 =d (¢80
‘050 1D %S6) ¥90 = 4O
'SIUINSUOD 1Sepeaiq JaY1o
‘SA SJI2UINSUOD 1sepeaiq
D31y :uoisuauadAy Jo sty
S00 >d
0 F STSATO F IT
:SI9WINSUOD
1sepjealq Jayio
‘SA SJI2UINSUOD 1sep{eaiq
D31y :uoisusuadAy jo
0U3pIUI 9 'SPjo-A-05-61 Ul
(68d)
,/Solew pabe-appiw u|
UoISUIMAdAY JO XSU Jamo|
e SI19Ju0d uondwnsuod
[P2.3D Isep{eaIq Ulelb-ajoypp,
10000 > d (980 ¥ 01D
9%56) 08'0 = ureib-ajoym
€000 =4 (00
/01D %56) 980 = Pauyay
10000 > d (980 'SL0 1D
9%56) 180 = S[eaiad Iy
:uopduwnsuod
[P2192 15epiealq Ajlep 10) SYH

sniels |eaew ‘Aianoe [esisAyd
‘loyodie ‘bupjows ‘awodul ‘Al

-DIUY3D ‘X35 ‘abe ‘aye1u; Ablsua
10} paisnipe syO uoIsusLdAH

(IWg ‘loyodje ‘Bujows ‘AiAnoe
|ed1sAyd ‘axeiul Abisua ‘swiod

-ul ‘Alpiuyis ‘abe Joy paisnipe)
YO PUB DU3PPU| UOISUSLSAAH

(s212qeIp
7 2dA jo Aioisiy pue ‘A
-AIDE [e2IsAyd ‘sajgeiaban pue

N1} ‘joyodie ‘|INg ‘bunjows ‘obe

10} paisnipe) YH uolsuauadAH

(pawinsuod D3 Yy ou

"3'1) (§O) 1sepealq Jayio Io

D31y ‘(Sg) sieddpys se paz)

-1910eIRYD 1SR eaIq 'S|[eD
-391 13Ip ¢ WOl passasse 131

(8FL | = U) ASAINS |[ed3l
121P Y- Ul (qunowe Aue)
SI2WNSUOD DI 1Y PaUY3aP-J|9s

(¢z1) uoniuysp

sqoder ayy buisn Ag paziiob

-91eD 5[eaJ3D UleIB-3[0yM

(p/z= 01 J12AsU/A|D1e)

uI01)) S|ealad 1sepiealq Jo

sauobaed Lousnbaly £ yum
D44 pa1eplea Ag passasse 191Q

D1jo1selp bH wiw
G8= "I|015AS BH WW O¢ | = = UolsualadAH
sbuipeal 4 10 ¢ JO UrSW Se PapIodaI dg

95eqeIep 900¢-6661
SINVHN 241 buisn Apnis [PUOIIDS-SSOID)

Jjjo3selp bH wwi
G8= "I|015AS BH W O¢ | = = uoisuaUadAH
sBuipeal 4 10 € JO UraW Se PapIodal dg

oseqe1ep 800¢—100¢
SINVHN 241 Buisn Apnis [eUoId3S-SS01D

(BH ww 06= =

D1101SeIP ‘BH WW Of | = = D1|01SAS) UOISUS)
-19dAy 1uapPUl paLodal-J|as JO sased /9¢/

A €91 Jo dn-mojjoj ueaw yum €g61-1861
Ul PadUAWILLIOD ApNis LOY0od aARDadsold

(L)

s}nsai Aa)|

sawodInQ

1v1a

ubisep Apms

SN ‘A 6€ ‘|e 13 Jeyse]
-0z pabe synpe 91§ SAIISOd -Pinwyssd
SN ‘SINVHN
800¢—100¢ =41 (€L1)
woi A 0/-1S pabe ‘|e 13 SIapues
SHNPe 20S pue A 0s (SLL)
-61 pabe synpe z6¢6 9AIISOd 1839 1D
sn A
98-0t pabe | Apnis
Ul[eaH sueidisAyq /1)
9y} Ul Uswi 8€9'e | 9AI1ISOd ‘|e 19 Jeyd0y
uonedo| Apnis Bunes (9dua13)3J)
pue s1afgng Ayjenp sioyny

(panunuod) oL 319V.L

Breakfast cereals review 659S



TABLE 11 Body of evidence summary on breakfast cereals and hypertension'
Evidence statement
and components Grade Rating Notes
Regular consumption of breakfast cereals may reduce the risk D — Body of evidence is weak and must be applied with caution
of hypertension
Evidence base Satisfactory 3 Level Il studies (RCTs) (all positive quality)
1 Level Il study (cohort) (positive quality)
2 Level IV studies (cross-sectional studies) (all positive quality)
Consistency Poor 1 cohort and 2 cross-sectional studies suggest protective
effect but 2 of 3 RCTs with oats show no effect
Clinical impact Good ORs: 0.64-0.81 in cohort and cross-sectional studies
Generalizability Satisfactory  The largest cohort study and 1 of the RCTs are both in men
only
Applicability Excellent Directly applicable in populations in whom breakfast cereals
are consumed regularly
Regular consumption of breakfast cereals is not associated C — Body of evidence provides some support for recommenda-
with an increased risk of hypertension tion but care should be taken in its application
Evidence base Satisfactory 3 Level Il studies (RCTs) (all positive quality)
1 Level Il study (cohort) (positive quality)
3 Level IV studies (cross-sectional studies) (all positive quality)
Consistency Excellent None show increased blood pressure or risk of hypertension
Clinical impact Poor Nil effect
Generalizability Satisfactory  The largest cohort study and 1 of the RCTs are both in men
only
Applicability Excellent Directly applicable in populations in whom breakfast cereals

are consumed regularly

' RCT, randomized controlled trial.

cariogenicity (193). Most breakfast cereals are consumed
with milk, which acts as a buffer in pH lowering, and the cal-
cium encourages enamel remineralization (191). All 3 stud-
ies in Table 14 showed no relation between breakfast cereal
consumption, although, interestingly, all showed lower (but
nonsignificant) caries incidence among cereal consumers.
This might be related to the known role of breakfast cereal
consumption in promoting high milk intakes. Table 15
sets out an evidence summary based on the 3 studies.

Other relations

All-cause mortality. Two cohort studies examined the rela-
tion of breakfast cereal consumption to overall mortality. In
1984, the 21-y follow-up of 27,530 adults in the Seventh-day
Adventist study calculated the adjusted OR of all-cause mor-
tality when the most-frequent and the least-frequent break-
fast cereal consumers were compared as 0.84 (95% CI: 0.73,
0.97; P < 0.01) (194).

In the U.S. Physicians’ Health Study, over a mean follow-
up of 5.5 y, total mortality was inversely associated with
whole-grain breakfast cereal intake (OR: 0.83; 95% CI:
0.73, 0.94; P < 0.001) but not with refined-grain breakfast
cereal intake (OR: 1.09; 95% CI: 0.95, 1.25; P = 0.07) (195).
The OR for total breakfast cereals was also not significantly dif-
ferent from unity (OR: 0.92; 95% CI: 0.82, 1.02; P = 0.07). It is
striking that the results from the Adventist study were very
similar to those for whole-grain cereals in the Physicians’
Health Study, which may reflect a likely preference for
whole-grain cereals in the former group.

Cancer. There have been no reviews specifically about the im-
pact of breakfast cereal consumption on cancer risk, although

660S Supplement

there are a number of reviews and meta-analyses on the re-
lation between dietary fiber, cereal fiber, and cereal foods
generally with risk of cancer (196-199).

There has been concern about the potential carcinogenic
risks of acrylamide in cereals since the International Agency
for Research on Cancer designated it a “probable human
carcinogen” in 1994. In most Western countries, breakfast
cereals contribute only 2-10% of total acrylamide intake
(200-202). A recent study in participants of the Health Pro-
fessionals Follow-Up Study estimated that cold breakfast ce-
reals contributed 13% of total acrylamide intakes in the
United States but there was no association between acrylam-
ide intake and risk of prostate cancer (203). Other prospec-
tive studies of breast and colon cancer also found no
significant associations with acrylamide intake (204-206).

It has been suggested that whole grains are a major source
of vitamins, minerals, and phytochemicals, which have anti-
cancer properties (207). Dietary fiber could also decrease co-
lorectal cancer risk by increasing stool bulk, diluting fecal
carcinogens, and decreasing transit time (208). In addition,
bacterial fermentation of fiber results in the production of
short-chain FAs, which may have protective effects (209).

A total of 13 studies examined the effect of breakfast cereals
with a range of cancer types (colorectal, lung, endometrial,
breast, prostate, and pancreas) in 5 cohort and 5 case-control
studies and 3 RCTs (210-222). It should be noted that some of
these studies were with wheat bran— or bran-based cereals
only. In none of the studies reporting all cancer or lung, colo-
rectal, breast, or endometrial cancer outcomes were breakfast
cereal intakes related to cancer risk. One study identified an
increased risk of pancreatic cancer (for cooked but not cold ce-
real) (218) and another for prostate cancer from whole-grain
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TABLE 12 (Continued)

Subjects and

Authors

Key results

Outcomes

Diet
Breakfast cereal consumption self-

Study design

study location
14,952 adults aged 16—

Quality rating

(reference)
Smith (230)

51% of sample reported no di-

Presence of symptoms: constipa-

Cross-sectional study

Neutral

gestive problems.
In all the analyses there were sig-

tion, diarrhea, heartburn, gas,

indigestion

rated on a 5-point scale from

Secondary analysis of survey data
Stress and Health at  Symptom checklistforthe last 14d never to every day

98 y in the Bristol
Work Study; UK

nificant main effects of breakfast
cereal consumption and diges-

tive problems; however, none of

the interactions were significant.

but not refined-grain breakfast cereals (216), but there are no
plausible mechanisms that could account for these findings
and they would need to be confirmed before any firm conclu-
sions can be made.

Mental health. Feelings of well-being and positive mood
state are increasingly recognized as important components
of good health, and there has been a growth in studies look-
ing at the relation of nutrition with these outcomes (223).
Many studies in the literature have focused on the role of
the breakfast meal, rather than breakfast cereals in particu-
lar. This search identified 7 cross-sectional studies (224—
230) and 9 intervention trials (229,231-238) that examined
the effects of a breakfast cereal on mood, stress, anxiety, and
depression. All of the cross-sectional studies suggested that
regular breakfast cereal consumers have lower levels of men-
tal health problems, including less stress, anxiety, and de-
pression. However, with studies of this type there is always
the possibility of reverse causality: that stress and mental
health problems lead to changes in diet. Therefore, interven-
tion studies are particularly important to understand the
potential relation.

In 3 of the intervention studies (229,231,235), breakfast
cereal consumption was compared with no food for break-
fast, so it is not possible to draw any conclusions about
the effect of the type of breakfast food—the effects are likely
to be a general breakfast (or carbohydrate) consumption ef-
fect. Two of the other studies used high-fiber, wheat-based
cereals in the intervention, so the applicability to breakfast
cereals in general is also uncertain. Authors of 1 study com-
paring a breakfast cereal with a muffin breakfast suggested
that some of the differences were due to perceptions of dif-
ferent energy content of the breakfasts. That study also in-
cluded toasted bread along with cereal in the “breakfast
cereal” intervention. There have been no studies in subjects
selected because of high levels of anxiety or depression.

Given the diverse interventions and outcome measures
used in these studies, much more research is needed to un-
derstand the relations between well-being and breakfast
cereals.

Cognitive performance. One review of 22 studies examin-
ing the association of breakfast consumption and academic
performance in children and adolescents concluded that
breakfast consumption may improve cognitive function re-
lated to memory, test grades, and school attendance (17).
The effects could come from alleviating hunger, or they
might be attributable to enhanced blood glucose (239).

A more recent review of 45 articles concluded that break-
fast consumption is more beneficial than skipping breakfast,
but that this effect is mainly apparent in children whose nu-
tritional status is compromised (240). The authors noted,
“there is a lack of research comparing breakfast type, pre-
cluding recommendations for the size and composition of
an optimal breakfast for children’s cognitive function.”

Most studies have focused on the cognitive functioning of
children. There is 1 prospective study of RTEC consumption

Breakfast cereals review 663S



TABLE 13 Body of evidence summary on breakfast cereals and digestive health’

Evidence statement and components Grade Rating Notes
Consumption of high-fiber wheat-based breakfast cereals A — Body of evidence can be trusted to guide practice
helps prevent constipation and improves bowel
function
Evidence base Good 5 Level Il studies (RCTs) (2 positive quality; 2 neutral,
1 negative)
1 Level IV study (cross-sectional) (all positive quality)
Consistency Good All clinical trials reported improvements in stool frequency,
bulk, and transit time. One cross-sectional study found no
relation with consumption, but this was with all types of
breakfast cereals, not just high-fiber.
Clinical impact Good Stool frequency increased on average by at least 25%
Generalizability Excellent Populations studied in the body of evidence cover a wide
range of ages and countries of residence
Applicability Excellent Directly applicable in populations in whom breakfast cereals

are consumed regularly

! RCT, randomized controlled trial.

among 3831 men and women aged >65 y in Utah who were
followed for 11 y and had their cognitive function assessed
by the Modified Mini-Mental State Examination (241). In
multivariate models, more frequent RTEC consumption
was not associated with cognitive benefit, and daily RTEC
consumers had patterns of cognitive decline over 11 y similar
to infrequent consumers.

Seven RCTs looked at the effect of breakfast cereals on
different measures of mental performance: 1 in adults (242)
and the others in children and adolescents (229,243-247).
The adult study found the best alertness after an All-Bran
meal, which is known to have a low GI. Four of the studies
in children compared high- and low-GI breakfast meals
(243-246). One study (245) reported superior performance
in the high-GI breakfast cereal group, but the other 3 reported
cognitive enhancements with the low-GI breakfast cereal
option. None of these studies independently measured the
GI values of their test meals; all used calculated values. In
1 case other foods (bread and apple juice) were added to
the breakfast cereal meal. None of the studies seem to have
considered other possible explanations for the performance
differences aside from the glycemic effect of the foods.

It is difficult to summarize results from these studies be-
cause a variety of different outcome measures were used and
in many cases only a small number of the measured out-
comes were significant. It appears that the consumption of
low-GI breakfast cereals may be beneficial for some aspects
of the cognitive functioning of children and adolescents, but
more research in this area is needed.

Physical activity and performance. One of the explana-
tions for the observed association of RTEC consumption
with lower BMI is the association with lifestyle habits such
as greater physical activity and reduced television watching
(248). One prospective cohort study in the United States
in 2379 girls compared the cumulative percentage of days
that each girl consumed breakfast cereal in childhood with
results from 30-d physical activity diaries. Girls who ate ce-
real more often were more likely to exhibit high levels of
physical activity and less television viewing (P < 0.05) with
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no difference according to the amount of fiber or total sug-
ars in the breakfast cereals consumed (92,110). There was no
association between physical activity and number of days
eating noncereal breakfasts (39).

Another cross-sectional study in Greece in schoolchildren
aged 12-17 y reported a similar relation. Multiple regression
analysis revealed that the consumption of breakfast cereals
was associated with a higher likelihood of participation in
more physical activity (97). However, it is uncertain whether
there is anything causal in this relationship: it is very possible
that families who promote cereal-eating also encourage health-
ier lifestyles in general (249).

A few clinical studies used breakfast cereals to examine
the effect of foods provided before exercise performance
(250-253). All of these studies were in young active people
and the performance testing regimes were prolonged and
strenuous, so their relevance for the normal population in
everyday activities is uncertain. Only 2 of these studies com-
pared >1 breakfast cereal, and the only significant difference
was in the trial that compared rolled oats with puffed rice
(253). The authors assumed that this difference was due to
the GI of the products, but there have been no studies com-
paring foods of similar nutritional content with different GI
values.

Given the paucity of relevant trials, it is not possible to
develop evidence summaries in relation to breakfast cereal
consumption and physical activity or exercise performance
without further research.

Other effects. There is some limited research on breakfast
cereals and probiotic effects (160,254,255), immune func-
tion (256,257), exercise recovery (258), and anemia (259),
but the information is too preliminary to draw any firm
conclusions.

Discussion

This review developed 21 statements on the evidence for the
health benefits of breakfast cereal consumption, including 2
Grade A, 5 Grade B, 11 Grade C, and 3 Grade D statements.
Evidence levels A—C have been used to support the development



‘22132 189-03-Apeal ‘D3| Y ‘SIeBNS DISULIXD H[IWUOU ‘SN ‘Y1231 pa||ly J0 ‘Buissiu ‘pakedsp ‘|4NQ ‘P3|l 10 Buissiu pakedap 4NQ .

SN)Z F8LSAT
F 711D Ul SINN MO| 'SA YbIH
(SN)Z F8L'SAT F 91
:uondwinsuod g MoJ “SA ybiH
‘Siawinsuod aybly
9U3} Ul 9DU3pIdUl J9MO|
01 puaJ1 e sem 21943 ybnoyy
-|e ‘s|ea4ad ul SN 10
Dg Jo uondwnsuod 03 paie|
-2Jun sem aduajerald saped)
SN) £8Y * ¥Tv
SAE6'E F €G°€ DI1Y Jenbay
(SN) Z0'S F Y0 SA ¥0¥
F 10 DILY pausieamsald
SI2UWINSUOD D3| Y MO|
SA YBIY JO 14NQ [PIUSWIDU|
‘A||edyioads
D31y pauseamsald oy Jo
|[e19A0 uonduwnsuod D3 Y
YHM SlUsWlleall 9A1eI01Sal
10 ]4NQ 4O duap
-IDUl USSM13Q SUOI1eID0S
-se JuedYIUbIS OU UM Y|

(SN)

795 ¥ L¥'9 SA L9% F 0TS
'$19183-UOU "SA $1218D

JO S2IBLNS YN [PIUSWIDU|
JOU PIp OYM 350U}
pue DILY 318 OYM 350Ul
Ul S2402S NG U2aMm)

-90 UONRDOSSe OU SeM 13y |

uoljeujWEexd
[BIUSP UO paseq
SO YIM UIP|IYD JO %

oW 9¢ pue 'y ‘7L
‘0 18 SUOJIRUIWEXD [RIUSP 1B
painseaw | 4N JO duspiduy|

oW 9¢ pue 'y ‘7L
‘0 18 SUORUIWIEXS [RIUDP 18
painseaw | 4N JO 92UdpIdY|

SAAN

pue uondwnsuod

(Og) [p2432 IsepRRIq

JO 3|11 01Ul payls

-Sed ualp|iyD 1anibaled

utew Aq pajs|dwiod
piodas 131p payblam p-

(A1o6a1ed siuyy Jo
UORIUYSP OU INQ) Paud
-199msaid alam pawns

-U0D S|P2I3D JO %01
'S1I9SN MO| IO ‘Winipawl
‘ybry se payissep syued
-piyed pue payddns
pOO} JO SPI0JI WO}
pajewnsa uondunsuod
(pau9amsaid 9) sH31Y
5,660]19Y JO SaNBLEA 1|
‘pausreamsaid
UM UISOYD §[eaI3D
40 909 ‘paljddns pooy
4O spi10d3l Ag pajew
-39 uopduwnsuod)
‘Pl Aoy spooy
19A91RYM 183 0) 934
Qiam ualpjiyd ‘[(pauy
-3p 10U JUS3U0D Jebns)
$15Ing UI0D) pue ‘sp
K501 ‘sjynd BOD0OD ‘XU |
‘pauseamsaid ] sH31Y
S| [eIDUSD) JO SBIIBLIRA /

NN ‘ASAINS YijesH pue 191Q
[BUONEN MN G661 8L Ul
A gp-5'1 pabe uaipiiys 051

ApN1s [euonas-ss01D) SISO

Ajlep Buinas |

1583 18 13 0} URIP|IYD

sbeInodUD 0} payse

SIayIo0W pue Al
d|qe|iene D31y ‘A 7 Jo4

Apnis

UOIUSAIIUI BAI1DdS0I

SN ‘A | 1-£ pabe ualp|iyd 646 3ANISO(

215edy1001
pUE S3YSNIqUI001 LM
Buole s|ea.ad 15epyeaiq
Jo sa|duwies Ajyiuow
93.4 USAID SyuapnIs ‘A € 104
Apnis
UONUSAISIUI 9AND3dS0Id

SN (A €1 = obe ueaw)

U4PJIY2]00yS JUIISI|OPE. G/ € [ENLEN

(161) uosqio

(6£0) Y2sial4 pue sse|n

(8£7) |2 12 aMOY

s)nsaa Aa)|

sowodnQ

18lq

ubiseap Apms uonedo| Apnis

pue syafqns

bunes Ayjend

(@>ua13431) sioyany

,S3Hed [eusp pue uondwinsuod [ea13d Isepeiq uo sapnIs vl 319VL

Breakfast cereals review 665S



TABLE 15 Body of evidence summary on breakfast cereals and dental caries

Evidence statement and components Grade Rating Notes
Consumption of breakfast cereals by children is not associated B — Body of evidence can be trusted to guide practice in most
with increased risk of dental caries situations
Evidence base Satisfactory 2 Level Il studies (RCTs") (1 positive quality, 1 neutral)
1 Level IV study (cross-sectional) (positive quality)

Consistency Excellent All studies showed no significant association (if anything, a
trend to lower caries incidence with cereal consumption)

Clinical impact Poor No effect

Generalizability Excellent Populations studied in the body of evidence cover a wide
range of ages and countries of residence

Applicability Excellent Directly applicable in populations in whom breakfast cereals

are consumed regularly

! RCT, randomized controlled trial.

of dietary guidelines previously (260). Some of the state-
ments related to obesity, CVD, diabetes, and laxation are
only for whole-grain or high-fiber breakfast cereals, but
many are for the whole category of breakfast cereals. It
should be noted that when the evidence is only derived
from cohort or cross-sectional observational studies the
statements refer to an association with breakfast cereal con-
sumption, and do not necessarily imply a causal relation.
Only when there is good evidence from intervention trials
do the statements use more direct language (e.g., “help
lower” or “improve”).

Regular breakfast cereal consumers usually have higher
daily milk intakes and are more likely to meet their recom-
mended nutrient needs: in particular, they have better in-
takes of dietary fiber, B-vitamins, folate, calcium, iron,
magnesium, and zinc. Much of this effect is likely to be
due to the fortification of many breakfast cereals. Breakfast
cereal consumption is also associated with diets that are
lower in fat but not with increased daily intakes of sodium
or energy.

A large number of cross-sectional studies all reported that
breakfast cereal consumption is associated with lower mea-
sures of overweight or obesity. Indeed, the consistency of
this finding in studies from many different countries in dif-
ferent age groups suggests that there is no need for addi-
tional studies of this type to be undertaken.

It is possible that a breakfast including breakfast cereal,
especially one that is higher in fiber, may provide better satiety
and prevent overconsumption later in the day. However, al-
though there is evidence to support this hypothetical mode
of action, not all studies showed that total daily energy intakes
are lower when breakfast cereal is consumed; indeed, several
studies showed just the opposite (24,27,38,41,59,66,261).
This higher total energy intake by breakfast cereal consumers
may be because those who are overweight were trying to lose
weight by skipping breakfast, but the possible causal relations
are unclear and may not simply be due to reduced total en-
ergy intake.

Another possible mechanism could be that breakfast ce-
real consumption increases energy expenditure via better in-
sulin sensitivity in the morning, but this is unlikely to be a
food-specific effect. On the other hand, breakfast cereal con-
sumption may simply be a marker for an overall healthy
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lifestyle and merely indicate eating and physical activity pat-
terns that are more favorable overall for weight mainte-
nance. Thus, there is a need for better-controlled cohort
and intervention trials to understand this relation. There is
insufficient evidence to describe the best types of breakfast
cereals to prevent weight gain, although there are sugges-
tions of a greater protective effect of higher-fiber and oat ce-
reals in some (but not all) studies.

Studies that compared the effects of consumption of PS
or non-PS breakfast cereals mostly found no significant dif-
ferences in daily nutrient or energy intake, although the
consumption of total sugars may be increased, and that con-
sumption of PS breakfast cereals does not increase the risk of
overweight or obesity in children.

There is an emerging evidence base suggesting that
breakfast cereal consumption may be associated with fee-
lings of better mental well-being, improved cognitive func-
tioning, and reduced risk of hypertension, but better trials
are required before any firm conclusions can be drawn.

There are several limitations of this review. First, it was
undertaken by a single author, whereas ideally at least 2 peo-
ple would independently assess the studies. However, the re-
viewer was experienced in this task, having led the evidence
reviews that supported the last review of the Australian die-
tary guidelines (262). Second, almost all of the studies in the
literature on the nutritional impacts of breakfast cereal con-
sumption are cross-sectional in design (mostly of RTEC
only) with very few RCTs, which is a weakness in the evi-
dence base overall. Furthermore, the mechanisms for
many of the health effects summarized in this review are
not always clear. In some cases, the fortification profile
from added vitamins and minerals may be a factor, but
the natural nutrient content of cereals, including inherent
bioactive substances such as antioxidants and phytoestro-
gens, as well as the significant contribution of breakfast ce-
reals to whole-grain and dietary fiber intakes, are also likely
to contribute.

In summary, breakfast cereals are relatively inexpensive,
nutrient-dense, and convenient foods, which can be recom-
mended to form part of a healthy balanced diet. Their reg-
ular consumption can help ensure an adequate nutrient
intake and may assist in reducing the risks of being over-
weight or of developing CVD or diabetes.
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