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The prominence of carbohydrates 
(CHOs) and grains in dietary guidance 
as the base of the diet and as core compo-
nents for promoting health and prevent-
ing disease has recently been called into 
question. Grain-based foods, and the 
CHOs they contain, have been accused of 
promoting obesity, which can be a factor 
in increased risk of developing certain 
chronic diseases, such as hypertension, 
metabolic syndrome (MetS), and diabetes. 
Increased consumption of CHOs and 
grains is alleged to initiate changes in the 
microbiome and metabolic pathways that 
create conditions that negatively impact 
health. Specifically, some have charged 
that wheat- and grain-based foods, espe-
cially those with added sugars and highly 
refined CHOs, add calories to the diet and 
contribute to increases in obesity, hyper-
tension, MetS, diabetes, and other chronic 
diseases (1,2). Some even claim that these 
foods “constitute a greater threat to health 
than the added effects of smoking and 
alcohol abuse” (3).

In contrast, a review of the literature 
discussing the findings from numerous 
epidemiological and intervention studies 
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shows that grains and grain-based foods, 
when consumed as part of a healthy and 
balanced dietary pattern, may actually 
reduce the risk of weight gain, obesity, 
hypertension, MetS, and related chronic 
diseases. In short, studies show that these 
foods are not part of the problem, but 
rather can be part of the solution when 
included in the right amounts as part of a 
balanced dietary pattern.

The current review is the fourth in a 
series of papers looking at the role of 
CHOs, grains, and whole grains in health 
and will build on the earlier reviews, which 
addressed their roles in inflammation and 
glycemic response (4–6), to assess their 
roles in body weight. Although it is known 
that different grains may have different 
effects on health, this review focuses on 
grains as a group, contrasts the roles of 
refined and whole grains, and discusses 
in more detail where specific grains or 
grain-based foods stand out.

Relationship of CHOs, Grains, 
Whole Grains, and Dietary Fiber 

to Body Weight and Obesity

CHO Intake and Measures of 
Body Weight

Grains, both whole and refined, as well 
as the CHOs they contain, are among di-
etary constituents that have been alleged 
by some to be one of the causes of the 
worldwide increase in obesity. This charge 
exists not only in countries with devel-
oped economies, but also in countries 
with emerging and developing economies. 
At the same time, adequate dietary fiber 
intake and consumption of an optimal 
balance of CHO-rich foods are consid-
ered by many to be important in main-
taining body weight and preventing obe-

sity. Thus, the debate concerning optimal 
dietary macronutrient distribution, both 
for attaining optimal body weight, pre-
venting overweight, and promoting and 
maintaining weight loss, continues un-
abated.

One prevailing position is that CHO, as 
it occurs in grains and other staple foods, 
provides 4 kcal/g, enabling lower calorie 
intake than fat, which provides 9 kcal/g 
and, thus, can help to address weight is-
sues. An accompanying view is that ex-
cess fat intake, especially saturated fat, 
can have adverse health effects. Hence, 
most government regulatory agencies and 
health promotion organizations suggest 
that CHOs should contribute a majority 
of energy (40–65%) in the diet; fats should 
contribute 20–35% of energy; and pro-
teins should provide the remainder (7).

The opposite position is that CHOs and 
grains should be eliminated or drastically 
reduced in the diet because they contrib-
ute to obesity and hinder weight loss. Pro-
ponents of this theory cite time series data 
showing that decreasing the percentage of 
energy ingested from fats while increasing 
the percentage of energy ingested from 
CHOs is associated with increased obesity 
in a population (8). However, drawing 
such a correlation results in an erroneous 
deduction. First, associations between 
increases in body weight and increases 
in the percentage of energy ingested 
from CHOs fail to consider total calorie 
intake. In reality, during the 40 year 
period cited, calorie intake increased by 
more than 600 kcal/day (9). Although 
there have been increases in calorie intake 
from grain-based foods, there have also 
been increases in calorie intakes from 
nearly all food categories. Figure 1 shows 
the distribution of calorie intake by food 
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group using U.S. Department of Agricul-
ture (USDA) disappearance data (9). Thus, 
the correct deduction is that total calorie 
intake and calorie intakes from nearly all 
food groups have increased and are re-
sponsible for increases in obesity, rather 
than the erroneous deduction that the rise 
in obesity is due mainly to consumption 
of CHOs and/or grain-based foods.

Furthermore, proponents of the theory 
that CHOs are the primary cause of in-
creasing obesity rates also state that analy-
sis of National Health and Nutrition Ex-
amination Survey (NHANES) data for the 
past 50 years shows that “general adher-
ence to recommendations to reduce fat 
consumption has coincided with a sub-
stantial increase in obesity” (10). Some 
even suggest that following government 
and public health nutrition guidelines are 
the root cause of the dramatic rise in obe-
sity. As an alternative, these proponents 
advocate following either a paleo, a low-
CHO, or even a very low-CHO (keto-
genic) diet, with suggestions that only 
10% of energy should come from CHO 
(11,12). As a consequence, such diets to-
tally eliminate or severely curtail the con-
sumption of grains.

Claims that increases in body weight 
are attributable to consumption of CHOs 
and grain-based foods and promises that 
elimination of grains will address obesity 
do not accurately describe what is occur-
ring. In fact, these dietary suggestions 
may not be helpful because of other 
problems that contribute to increased 
body mass index (BMI), including in-
creases in 1) stress, which is a document-
ed contributor to overconsumption, espe-
cially of foods not only high in CHOs, but 
also high in saturated fats (13); 2) screen 
time; and 3) sedentary pursuits. As a re-
sult, while total calorie intake has increased, 

energy expenditure has decreased dra-
matically (14).

Population data from many parts of 
the world do not support the contention 
that CHO consumption increases body 
weight. For example, the U.K. Whitehall 
II Study of more than 6,000 adults shows 
a link between higher intakes of CHO 
and lower waist/hip ratios and BMIs (15). 
A review by Gaesser (16) reveals an in-
verse relationship in most large prospec-
tive cohort studies between CHO intake 
and BMI or other measures of overweight 
and body fat, such as waist circumference. 
Studies done after the Gaesser review (16) 
continue to show that diets that are higher 
in fat are associated with measures of in-
creased body fatness and, conversely, that 
diets that are higher in CHO are associ-
ated with measures of decreased body 
fatness (17–20). CHO intake documented 
in cohorts around the world show either 
that there is no relationship with mea-
sures of body fatness or that there is an 
inverse relationship. Data from epide-
miological studies have been validated in 
intervention trials. For example, findings 
from the Women’s Health Initiative Di-
etary Modification Trial (21) showed that 
as intake of fruits, vegetables, and whole 
grains increased, causing CHO intake to 
increase, body weight decreased. How-
ever, as CHO intake increased, dietary 
fiber also increased, creating a significant 
confounding.

Expert advisory panels around the world 
disagree with claims made in the popular 
press. For example, the U.K. Scientific 
Advisory Committee on Nutrition (SACN) 
concluded their analysis with the follow-
ing statement, “The hypothesis that diets 
higher in total CHO cause weight gain is 
not supported by the evidence…” (22). 
Similarly, in an evidence-based review 

(EBR) (23) the German Nutrition Society 
concluded, “The available studies regard-
ing adults mainly suggest that CHO in-
take or dietary CHO proportion, respec-
tively, is not associated with the risk of 
obesity. The evidence regarding the lack 
of a long-term effect of a change in CHO 
intake on the development of obesity is 
judged as probable.”

Such pronouncements have not quelled 
the continuing debate, however. Those 
who hold that CHO causes overweight 
also sometimes suggest that it is not the 
amount of CHO, but rather the quality. 
However, CHO quality has no generally 
agreed upon definition. The following 
criteria for CHO quality have been sug-
gested: 1) foods that are whole grain; 
2) foods that have a low glycemic re-
sponse, e.g., low glycemic index (GI)
and/or glycemic load (GL) (24); 3) foods
that have a proper fiber ratio (25); and
4) foods that are from grains that have
neither been bred, modified, nor refined
(2,26,27).

Parameters of CHO quality, such as 
GI, do not necessarily reduce confusion. 
More studies show either a lack of asso-
ciation or an inverse relationship, rather 
than a positive relationship, between 
measures of body weight and the GI or 
GL of the diet (16,28–30). Confounding 
occurs because diets that have a low GI 
often contain foods that have more di-
etary fiber and contain more recom-
mended dietary components and food 
groups. So, despite a recent consensus 
paper (24) stating that GI and GL were 
useful in preventing and treating obesity, 
both a recent review of randomized con-
trol trials (RCTs) and a meta-analysis 
show either no or a mixed response when 
dietary fiber and whole grain intake were 
considered (31,32).

Fig. 1. Comparison of average daily calories per capita available from the U.S. food supply (adjusted for spoilage and other waste) in 1970, 1990, 
and 2008. Data source: USDA ERS Food Availability (Per Capita) Data System (www.ers.usda.gov/Data/FoodConsumption). (Republished from 
Norén [7] under CC BY-NC-SA 3.0 US license)
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CHOs and Weight Loss and 
Maintenance

Just as the role played by CHOs in over-
weight remains unclear, their role in weight 
loss has been contested in health and nu-
trition arguments for years. In 1863 Wil-
liam Banting, a noted English undertaker, 
published the dietary recommendations 
of physician William Harvey in A Letter 
on Corpulence (33). The pamphlet sug-
gests that diets eliminating CHOs would 
help with weight loss. Since then, both 
scientific studies and popular literature 
have continued to support and refute this 
approach to dieting (34). Proponents of 
higher CHO diets recommend them over 
high-fat diets because fat, compared to 
CHO, is more efficiently absorbed and 
relatively resistant to oxidation. Both of 
these observations support the idea that 
high-fat diets can impede weight loss and 
may lead to weight gain. Further, high-fat 
foods often are highly palatable and only 
weakly satiating. As such, they may con-
tribute to passive overconsumption and 
excess energy intake (35).

Lower fat diets may, in fact, be helpful 
for those trying to maintain their weight. 
A 2015 systematic review of 32 RCTs of 
populations not actively trying to change 
their weight (N ≈ 54,000 participants) 
shows that diets with a higher CHO con-
tent and lower proportion of energy from 
fat had a more consistent effect on body 
weight measures (36). Those ingesting 
higher percentages of CHO had some-
what lower body weights (≤2 kg on aver-
age) than those ingesting a typical percent-
age of fat. The differences became greater 
for those following diets with more strin-
gent fat reductions (36).

Despite the more than 170 years since 
Banting’s essay on which type of diet is 
best for weight loss, a definitive answer 
remains elusive. Findings from RCTs pro-
vide evidence that supports both high- and 
low-CHO diets. However, differences in 
the number of kilograms lost are small, 
and any advantage of one diet over an-
other diminishes the longer a group is on 
a low-CHO diet. For example, data from a 
number of RCTs show greater short-term 
weight loss for low-CHO diets than those 
higher in CHOs (37–40). However, many 
of these studies fail to show any weight 
loss advantage at longer time points (41–
43). In many studies showing statistically 
greater weight loss, the actual differences 
were deemed too small to be physiologi-
cally important. On the positive side, there 
is substantive evidence that for many indi-
viduals low-CHO diets can effectively pro-

mote weight loss and lead to favorable 
changes in blood lipids (44). These posi-
tives are balanced, however, by the fact 
that low-CHO diets often lead to de-
creased intakes of phytochemicals and 
dietary fiber and may result in decreased 
glycogen stores. Nevertheless, for those 
with insulin resistance or those classified 
as having MetS or prediabetes, there is 
experimental support for consumption 
of a moderately restricted CHO diet 
(<44% of calories from CHO) that em-
phasizes high-quality CHO sources. This 
type of dietary pattern also could lead to 
favorable changes in cardiovascular dis-
ease risk factors and minimize possible 
concerns associated with very restrictive 
low-CHO diets (45,46).

For certain body weight measures and 
health outcomes, a low-fat diet may be 
better than a low-CHO diet. For example, 
in an RCT of isocaloric diets, body fat loss 
was significantly greater with a very low-
fat diet than with a very low-CHO diet 
(47). The authors of this study suggest 
that this finding gives a low-fat (higher 
CHO) diet an edge when it comes to 
overall health, arguing that the loss of fat 
is more important to health than overall 
loss of weight. Such findings also debunk 
claims that fat loss does not occur in the 
presence of CHO as has been alleged by 
some (48). However, as is discussed in the 
fifth review in this series, which focuses 
on blood pressure, MetS, and diabetes (44), 
some health outcomes are better when 
diets are lower in CHO. Nonetheless, an 
EBR conducted by the Spanish Federation 
of Nutrition, Food and Dietetic Associa-
tions (FESNAD) with the Spanish Asso-
ciation for the Study of Obesity (SEEDO) 
concluded that there are fewer adverse 
long-term health effects for those follow-
ing a low-fat diet than for those following 
a low-CHO diet, especially if the latter is 
high in animal fat (43).

More research is needed because many 
things impact weight. Gender, sleep dura-
tion, and the metabolic state of the dieter 
all interact with the level of CHO intake 
and may account for variations in study 
outcomes (49). For example, in a short-
term study, in individuals with diabetes a 
decrease in CHO intake from 50 to 40% 
of calories was associated with a reduc-
tion in visceral adipose tissue in men, but 
not in women (50). However, in insulin-
sensitive obese women high-CHO (60% 
of energy), low-fat (20% of energy) diets 
caused significantly greater weight loss 
than low-CHO (40% of energy), high-fat 
(40% of energy) diets (3.5 versus 6.8% of 

initial body weight, respectively). In insu-
lin-resistant women, significantly more 
weight was lost by those following a low-
CHO diet than by those following a high-
CHO diet (3.4 versus 8.5% of initial body 
weight, respectively). Furthermore, dietary 
adherence varied with insulin sensitivity. 
There was poorer adherence to a low-fat 
diet for those with insulin resistance (51). 
This is significant because adherence to a 
diet has been shown to be necessary for 
success with weight loss and maintenance 
(52–54). Dietary advice tailored to indi-
vidual preferences also appears to be key 
to adherence to a diet.

Dietary Fiber, Cereal Fiber, and Whole 
Grains and Body Weight

The data concerning the impact of di-
etary fiber on body weight measures is 
mixed, with clinical trials and epidemio-
logical studies showing lack of agreement. 
Several clinical trials show little or no ef-
fect on body weight of dietary fiber alone 
or as part of whole grain (55–57), whereas 
many epidemiological studies do show a 
relationship. In a cross-sectional study of 
the dietary patterns of ≈1,800 men and 
women entering a weight loss trial, base-
line intakes of both total dietary fiber and 
cereal fiber were associated with lower 
BMIs at the study outset (58). In the Bal-
timore Longitudinal Study of Aging, in-
verse correlations were shown between 
BMI and cereal fiber intake (59). In the 
Male Health Professionals’ and the Nurses’ 
Health Study cohorts, intake of bran was 
associated with less weight gain over the 
8–12 year follow-up period (60,61). In 
a subset of the European Prospective In-
vestigation into Cancer and Nutrition 
(EPIC) cohort of 89,423 men and wom-
en, those with the highest total and ce-
real fiber intakes at baseline had the least 
weight gain and increase in waist cir-
cumference over the 6.5 year follow-up 
period (62). Intake of total dietary fiber 
and cereal fiber in the Netherlands cohort 
study (N = 4,237 adults, 55–69 years old) 
was inversely associated with BMI only 
in men (63). However, a retrospective 
analysis of this cohort looking at weight 
gain after the age of 20 years found that 
baseline dietary fiber intake showed a 
slight inverse association. A recent 
review combining data sets for the 
12 publications from Diet, Obesity 
and Genes (DiOGenes) and 6 from 
EPIC-PANACEA showed that dietary 
fiber, especially cereal fiber, was inversely 
associated with changes in measures of 
body weight (64).
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Although many studies show some re-
lationship, albeit weak, between dietary 
fiber intake and body weight and weight 
gain, not all show a significant relationship. 
For example, for the 18,146 women aged 
≥45 years who participated in the Wom-
en’s Health Study who had BMIs in the 
normal range, intakes of dietary fiber at 
baseline were not associated with a lower 
risk of gaining weight over time (65).

Data from cohort studies on cereal fi-
ber and whole grains are often derived 
from the same groups and, therefore, 
yield similar findings; only inclusion of 
the intake of cereal bran and germ would 
make the data different (66). In an EBR 
using 45 years of scientific research on 
populations and subgroups from around 
the world, both cereal fiber and whole 
grain are associated with small, but sig-
nificant, reductions in weight gain (66). 
According to a review of epidemiological 
studies, for adults higher intakes of whole 
grain is associated with lower body weight, 
BMI, waist circumference, abdominal adi-
posity, and weight gain (67). The evidence 
is graded as moderate. Similar trends have 
been found in studies of young children. 
For example, rural elementary school chil-
dren who consumed 1.5 servings or more 
of whole grains/day had a 40% lower risk 
of being obese compared with children 
who consumed <1 serving/day (68).

Prospective observational studies of 
both men and women also have shown 
that whole grain consumption is associ-
ated with a tendency toward lower weight 
gain over time (60,61,69,70). Such studies 
show that higher intakes of whole grains 
(≈3 servings [a minimum of 48 g of whole 
grain] per day) are associated with lower 
BMI, smaller waist circumference, and 
lower body fat levels. However, the find-
ings must be considered with the knowl-
edge that people who eat more whole grain 
servings tend to have healthier lifestyles 
and dietary habits than those who eat less 
than 1 serving of whole grains/day.

Data from RCT diets comparing those 
whose diets are rich in whole grain foods 
with those whose diets are low in whole 
grain foods present a less consistent pic-
ture than findings from epidemiological 
studies. Although a few short-term stud-
ies show a possible trend toward lower 
weight with more whole grains in the diet, 
many fail to show significant differences 
in body weight or BMI (71–73). A few 
intervention trials show changes in other 
measures, such as percent body fat, body 
mass, or waist circumference (74–76). 
These studies are consistent with the find-
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ings of a review of 26 studies, which shows 
no overall effect of whole grains on body 
weight but a possible beneficial effect on 
the level of body fat (77). The authors of 
the review theorize that the conclusions 
may be partly due to short duration, as 
well as sample size and composition. 
Another possible reason for the inconsis-
tency among study findings is the lack of 
an agreed upon definition of whole grain 
and differences caused by the effects of 
whole grain processing (66).

The evidence linking refined grain prod-
uct intake and risk of obesity also is con-
fusing because it shows both increased 
and decreased risk. For example, data 
from the Danish Diet, Cancer and Health 
Study (N ≈ 43,000) show that higher CHO 
intake due to refined grain products and 
potatoes was associated with an increase 
in waist circumference (78). However, two 
EBRs assessing the existing data regarding 
the role of refined grains conclude there is 
weak evidence that high intakes of refined 
grains may cause small increases in waist 
circumference in women (79). Similarly, 
after conducting an EBR the German 
Nutrition Society concluded “the evi-
dence regarding the relevance of refined 
grain products for the risk of obesity is 
judged as insufficient” (23). In contrast, 
the same EBR found strong evidence that 
a diet high in whole grains is associated 
with lower BMI, smaller waist circumfer-

ence, and reduced risk of being overweight; 
a diet high in whole grains and legumes 
can help reduce weight gain; and signifi-
cant weight loss is achievable with energy-
controlled diets that are high in cereals 
and legumes (79).

Grain-Based Foods and the Affect of 
Satiety on Body Weight

Satiety. Satiety is thought to influence 
how much is eaten, although a direct link 
has been difficult to show. In some studies 
bread has been shown to impact satiety, 
but not all bread types have this impact. 
For example, in a 2010 study participants 
consuming whole grain breads reported 
feeling fuller and more satiated than those 
eating refined grain breads (80). Puzzlingly, 
despite these differences in satiety ratings, 
there was no difference in overall energy 
intake. Other studies showed that breads 
containing a variety of flours, seeds and 
nuts, legumes, and whole kernels had 
higher satiety values compared with 
breads containing refined flour, although 
not all studies found significant differences 
(81–84). In addition, sourdough breads 
made with refined flours were shown to 
be more satiating than some whole grain 
breads due to their effects on the satiety 
hormone, a glucagon-like peptide (85). 
To date, increases in satiety due to whole 
grain intake have only been weakly asso-
ciated with lower calorie intake or body 
weight (67).

Whole Grain Breads. Some popular 
authors and bloggers recommend restrict-
ing or even eliminating bread from the 
diet. However, these recommendations 
are at odds with the findings of a review 
of 38 epidemiological studies published 
over the past 30 years. The review found 
that dietary patterns that include whole 
grain breads are not associated with weight 
gain and might be beneficially linked to 
one or more measures showing reduced 
body fatness (86). Diets including the rec-
ommended amount of whole grain and 
whole grain breads have been shown to 
help with weight management. In healthy, 
postmenopausal Finnish women whole 
grain rye bread as 20% of energy intake 
was shown to help in weight control (87).

Refined Grain Breads. Findings are 
mixed concerning the role of refined 
grain (white) breads in weight, both 
among and between epidemiological 
studies and clinical trials. Although the 
majority of cross-sectional studies show 
that dietary patterns, including refined 
grain breads, are associated with lower 
measures of body fatness, most cohort 
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studies demonstrate a possible positive 
relationship between white bread intake 
and excess abdominal fat (86). For ex-
ample, increased consumption of refined 
grain breads by those in the Danish Diet, 
Cancer and Health Cohort (N ≈ 43,000) 
was associated with an increase in waist 
circumference, but only in women (78). 
Although the ingestion of high amounts 
of bread may be partially to blame, such 
results may be due to an interaction or 
occur because of confounding. For ex-
ample, those who eat refined grain breads 
may make other lifestyle choices that ad-
versely impact their weight (88–90). One 
review focused on the effects of changing 
the type of bread chosen in Mediterra-
nean-style food patterns. It showed that 
reducing white (refined) bread, but not 
whole grain bread, consumption was as-
sociated with lower gains in weight and 
abdominal fat over time (91). Among the 
more than 2,000 participants in the Span-
ish cohort of the PREDIMED study of the 
Mediterranean diet, those in the highest 
quartile of change in white bread intake 
gained 0.76 kg more than those in the 
lowest quartile and increased waist circum-
ference 1.3 cm more than those in the low-
est quartile (92). However, bread consump-
tion during the 4 year follow-up period 
was not associated with gaining more 
than 2 kg of weight or increasing waist 
circumference by more than 2 cm. Those 
in the highest quartile of changes in white 
bread intake had a 33% lower chance of 
losing >2 kg or reducing waist circum-
ference by >2 cm. This suggests that de-
creasing white bread consumption, but 
not whole grain bread consumption, with-
in a Mediterranean-style food pattern is 
associated with lower gains in weight and 
abdominal fat.

Furthermore, bread inclusion versus 
exclusion in an RCT with reduced-calorie 
diets for middle-aged, overweight or obese 
women was shown to actually help with 
weight loss (93). Not only did those as-
signed to the bread group increase their 
percentage of calories from CHO, they re-
duced their percentage of calories from fat, 
which resulted in a net decrease in calo-
ries. Further, fewer (2%) subjects in the 
bread group than the nonbread group (6%) 
dropped out, and those in the bread group 
reported feeling more satiated (94). Inclu-
sion of bread for those on low-calorie reg-
imens appears to help with satiety and com-
pliance, both of which may be helpful in 
long-term weight reduction success.

Rice and Oats. The few studies looking 
specifically at the impact of rice intake, the 

main source of CHOs in many cultures, 
suggest it is not related to measures of 
body weight. For example, a recent cross-
sectional study of Iranian men (95) found 
no difference in BMI based on rice con-
sumption. In fact, mean BMIs were not 
significantly different for those consum-
ing white rice fewer than 7 times per week 
and those consuming rice 7–14 times per 
week. Some studies actually show lower 
measures of body weight for those con-
suming higher levels of rice.

Analysis of the NHANES databases 
shows that adults who consume higher 
amounts of rice, including white and 
brown rice (96), or oats (97) are more 
likely to have a lower body mass and waist 
circumference. Similarly, a study of elder-
ly Chinese adults shows that individuals 
consuming more than 400 g of rice/day 
had lower weight gain (but increased el-
evated glucose) than those consuming 
200 g/day (98).

Breakfast Cereals. Breakfast cereal in-
take, including both whole and refined 
grains, tends to be inversely related to 
measures associated with body weight. An 
EBR of studies of large prospective cohorts 
shows that men who frequently consumed 

breakfast cereals (regardless of type) con-
sistently weighed less than those who con-
sumed breakfast cereals infrequently. Fur-
ther, over an 8 year time span, those who 
ate breakfast cereals were less likely to 
gain weight than those who consumed 
little or no breakfast cereal (99). The re-
viewers concluded “there is no evidence 
that LCDs [low-CHO diets] restricting 
cereal intakes offer long-term advantages 
for sustained weight loss” (99).

Both a meta-analysis (100) and a study 
of minority children and adolescents (101) 
show a similar positive effect on weight 
for those who ate breakfast cereals. Regu-
lar consumers of breakfast cereals com-
pared with children and adolescents who 
consumed breakfast cereals infrequently 
had a lower prevalence of overweight. 
This is interesting because the analysis 

shows that energy intakes tended to be 
higher for regular consumers of breakfast 
cereals, suggesting the possibility that 
those who eat breakfast cereals may be 
less likely to underreport intakes on ques-
tionnaires or that they have other healthy 
lifestyle aspects, such as increased exer-
cise, that help with weight control. There 
was even weak support (“grade C” rating 
on a scale of A [can be trusted] to D [weak, 
apply with caution]) in one EBR showing 
consumption of presweetened breakfast 
cereals did not increase the risk of over-
weight and obesity in children (102).

Assessing Studies on Refined and 
Whole Grains and Body Weight

It is often difficult to tease out the facts 
concerning the impact consuming refined 
grain-based staple foods has on body 
weight because of the way in which grains 
are categorized in epidemiological stud-
ies. In most studies grain-based foods are 
classified as either refined or whole. Con-
founding is inherent in such a categoriza-
tion structure. First, refined grains include 
both grain-based staple foods, such as 
breads and pastas, and indulgent grain-
based foods, such as cakes and doughnuts. 
At the time many cohort studies were un-
dertaken to assess health outcomes asso-
ciated with intake of refined and whole 
grain foods, indulgent grain products 
nearly always were formulated with 
refined grains. Only rarely were such 
products formulated with whole grains. 
Further, the intake of whole grains was 
<1 serving. Thus, combining refined in-
dulgent and refined grain-based staple 
foods into a single category called “refined 
grains” confounds the attribution of the 
cause of observed health outcomes. The 
observed association could be due to 
1) consumption of too many grain serv-
ings overall (103); 2) overconsumption
of refined grains overall; 3) consumption
of too many indulgent grain-based foods;
4) an imbalance in consumption of indul-
gent and refined grain-based staple foods;
or 5) inadequate fiber and micronutrient
intakes due to lack of whole grain con-
sumption or poor diet quality.

Further, the research definition of whole 
grain varies markedly among studies, with 
some using 51% of the product by weight, 
some 25%, and others using 8 g/serving 
(66). Still others count grams of whole 
grain. In addition, some epidemiological 
studies have errors in classification, such 
as counting all couscous and all dark breads 
as whole grain, and many counting either 
bran- or germ-based foods as whole grain 
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foods. These categorization errors may 
account for some of the variability found 
among studies (104).

Another problem in data analysis is that 
there is inadequate intake of both dietary 
fiber and whole grain across populations; 
as a result, <4% of the population meets 
recommendations for whole grain, fiber, 
and other constituent intakes (103). Those 
who come closest to meeting whole grain 
and fiber recommendations tend to come 
closer to meeting other lifestyle and dietary 
recommendations than those who do not 
consume adequate levels of dietary fiber 
or whole grain. For example, a cross-
sectional study of adolescents that used 
data from NHANES, 1999–2004, found 
that higher whole grain intake was associ-
ated with lower BMI and waist, thigh, and 
arm circumferences only among boys, but 
the association in boys lost its statistical 
significance after adjustment for intake of 
other food groups (105). For measures of 
body weight this confusion presents spe-
cial difficulty. Studies show that individu-
als ingesting foods with lower energy 
density have lower body weights and 
higher intakes of dietary fiber, cereals, 
fruits, vegetables, and grains, including 
rice, and that a lower percentage of these 
individuals consume baked goods and 
fried potatoes (106,107).

Grains, Whole Grains, and Dietary 
Fiber and Body Weight—A Summary

Habitual whole grain consumption is 
related in many epidemiological studies 
to lower measures of body weight and a 
decreased tendency to gain weight over 
time. Whole grains and cereal fiber may 
help with weight control for the following 
reasons:

1) Diets with adequate dietary fiber
tend to include nutrient-rich fruits
and vegetables and whole grains; as
a result, they are usually more nutri-
ent dense and less energy dense.

2) Diets with adequate whole grain
and cereal fiber intakes may affect
food volume and gastric emptying.
Because these types of diets include
larger food volumes, they tend to
stay in the stomach longer and may
enhance feelings of fullness and re-
duce hunger (108).

3) Fermentation of fiber, including re-
sistant starch, from whole grains may
alter the secretion of gut hormones
that influence satiety or cause other
changes in the gut and microbiome
that impact satiety (109,110).

4) The intake of whole grain foods and
cereal fiber is associated with lower
markers of inflammation, such as
C-reactive peptide and other cyto-
kines. This may cause beneficial
changes in metabolism and enable
weight maintenance.

Dietary patterns that include CHOs, 
whole grains, breads, and cereals in the 
right balance are associated with lower 
measures of body weight and less weight 
gain over time. Although diets high in re-
fined grain breads and meats are associ-
ated with greater measures of body fatness 
in some studies, the data are unclear with 
respect to the role of refined grain breads 
and cereals, especially when the refined 
grain category contains not only refined 
grain-based staple foods but also grain-
based desserts and snacks. More research 
is needed regarding the optimal balance 
of these CHO-rich staple foods.

Conclusions

Body weight and obesity appear to be 
addressed and prevented best by diets en-
abling weight maintenance and loss, when 
necessary, that focus not on the elimina-
tion of CHOs and grains, but rather on 
the consumption of foods and nutrients 
within tested, balanced dietary patterns. 
Such diets generally would contain from 
45 to 65% CHO, including high levels of 
the dietary fiber and phytochemicals 
present in whole grains. Both are associ-
ated with a lower risk of elevated body 
weight, as well as a lower risk of hyperten-
sion, MetS, and diabetes (44).

Patterns such as the DASH (Dietary 
Approaches to Stop Hypertension), Medi-
terranean, and New Nordic diets and the 
USDA MyPlate recommendations, as well 
as many others, that include balanced 
amounts of all macronutrients, vitamins, 
minerals, and phytonutrients do not es-
chew any food groups, including grains 
and breads, meet this balance (103). Sadly, 
only 3–8% of Americans eat according to 
such patterns. Less than 4% of Americans 
meet the dietary fiber intake requirement, 
and less than 1% meet the whole grain in-
take requirement. Data from many other 
countries also show a large gap between 
recommended patterns and actual in-
takes. For many, servings are too large, 
and grain-based desserts and other high-
calorie, low-nutrient foods provide too 
many calories at the expense of nutrient-
rich fruits and vegetables and whole and 
refined grain staple foods. General diets 

do need improvement, but elimination 
of CHOs and grain-based foods will not 
provide the improvements needed for 
most individuals.

References
1. van Baak, M. A. Nutrition as a link be-

tween obesity and cardiovascular disease: 
How can we stop the obesity epidemic? 
Thromb. Haemostasis 110:689, 2013.

2. de Punder, K., and Pruimboom, L. The 
dietary intake of wheat and other cereal 
grains and their role in inflammation. 
Nutrients 5:77, 2013.

3. Bengmark, S. Obesity, the deadly quartet 
and the contribution of the neglected 
daily organ rest—A new dimension of 
un-health and its prevention. Hepatobi-
liary Surg. Nutr. 4:278, 2015.

4. Jones, J. M., Peña, R. J., Korczak, R., and 
Braun, H. J. Carbohydrates, grains, and 
wheat in nutrition and health: An over-
view. Part I. Role of carbohydrates in
health. Cereal Foods World 60:224, 2015.

5. Jones, J. M., Peña, R. J., Korczak, R., and 
Braun, H. J. Carbohydrates, grains, and 
wheat in nutrition and health: An over-
view. Part II. Grain terminology and 
nutritional contributions. Cereal Foods 
World 60:260, 2015.

6. Jones, J. M., Peña, R. J., Korczak, R., and 
Braun, H. J. Carbohydrates, grains, and 
wheat in nutrition and health: Their re-
lation to digestion, digestive disorders,
blood glucose, and inflammation. Cereal 
Foods World 61:4, 2016.

7. WHO. Diet, Nutrition and the Prevention 
of Chronic Diseases: Report of a Joint
WHO/FAO Expert Consultation. World 
Health Org. Tech. Rep. Ser. No. 916.
Available online at www.who.int/diet
physicalactivity/publications/trs916/en/
gsfao_overall.pdf?ua=1. WHO, Geneva, 
2003.

8. Austin, G. L., Ogden, L. G., and Hill, J. O. 
Trends in carbohydrate, fat, and protein 
intakes and association with energy in-
take in normal-weight, overweight, and 
obese individuals: 1971–2006. Am. J.
Clin. Nutr. 93:836, 2011.

9. Norén, L. Graphic Sociology: US per cap-
ita caloric intake, 1970–2008. Published 
online at http://thesocietypages.org/
graphicsociology/20/04//nutrition-circles. 
The Society Pages, April 11, 2011.

10. Cohen, E., Cragg, M., deFonseka, J., Hite, 
A., Rosenberg, M., and Zhou, B. Statisti-
cal review of US macronutrient consump-
tion data, 1965–2011: Americans have
been following dietary guidelines, coinci-
dent with the rise in obesity. Nutrition 31:
727, 2015.

11. O’Keefe, J. H., Jr., and Cordain. L. Cardio-
vascular disease resulting from a diet and 
lifestyle at odds with our Paleolithic ge-
nome: How to become a 21st-century 
hunter-gatherer. Mayo Clin. Proc. 79:101, 
2004.

60



CEREAL FOODS WORLD

12. Paoli, A., Rubini, A., Volek, J. S., and
Grimaldi, K. A. Beyond weight loss: A
review of the therapeutic uses of very-
low-carbohydrate (ketogenic) diets. Eur. 
J. Clin. Nutr. 67:789, 2013.

13. Roberts, C. J., Campbell, I. C., and Troop, 
N. Increases in weight during chronic
stress are partially associated with a
switch in food choice towards increased 
carbohydrate and saturated fat intake. 
Eur. Eat. Disord. Rev. 22:77, 2014.

14. Owen, N., Sparling, P. B., Healy, G. N., 
Dunstan, D. W., and Matthews, C. E.
Sedentary behavior: Emerging evidence 
for a new health risk. Mayo Clin. Proc. 
85:1138, 2010.

15. Brunner, E. J., Wunsch, H., and Marmot, 
M. G. What is an optimal diet? Relation-
ship of macronutrient intake to obesity, 
glucose tolerance, lipoprotein cholesterol 
levels and the metabolic syndrome in
the Whitehall II study. Int. J. Obes. Relat. 
Metab. Disord. 25:45, 2001.

16. Gaesser, G. A. Carbohydrate quantity
and quality in relation to body mass in-
dex. J. Am. Diet. Assoc. 107:1768, 2007.

17. Merchant, A. T., Vatanparast, H., Barlas, 
S., Dehghan, M., Shah, S. M. A., De Kon-
ing, L., and Steck, S. E. Carbohydrate in-
take and overweight and obesity among 
healthy adults. J. Am. Diet. Assoc. 109: 
1165, 2009.

18. Randi, G., Pelucchi, C., Gallus, S., Parpi-
nel, M., Dal Maso, L., et al. Lipid, protein 
and carbohydrate intake in relation to
body mass index: An Italian study. Public 
Health Nutr. 10:306, 2007.

19. Mirmiran, P., Esmaillzadeh, A., and Azizi, 
F. Diet composition and body mass index 
in Tehranian adults. Asia Pac. J. Clin. Nutr.
15:224, 2006.

20. Yancy, W. S., Jr., Wang, C. C., and 
Maciejewski, M. L. Trends in energy 
and macronutrient intakes by weight 
status over four decades. Public Health 
Nutr. 17:256, 2014.

21. Howard, B. V., Manson, J. E., Stefanick,
M. L., Beresford, S. A., Frank, G., et al.
Low-fat dietary pattern and weight change
over 7 years: The Women’s Health Initia-
tive Dietary Modification Trial. JAMA 
29:39, 2006.

22. Scientific Advisory Committee on Nutri-
tion. SACN Carbohydrates and Health
Report. Published online at www.gov.uk/
government/uploads/system/uploads/
attachment_data/file/445503/SACN_
Carbohydrates_and_Health.pdf. The
Stationery Office, London, 2015.

23. Hauner, H., Bechthold, A., Boeing, H.,
Brönstrup, A., Buyken, A., et al. Evidence-
based guideline of the German Nutrition 
Society: Carbohydrate intake and preven-
tion of nutrition-related diseases. Ann. 
Nutr. Metab. 60(Suppl. 1):1, 2012.

24. Augustin, L. S., Kendall, C. W., Jenkins,
D. J., Willett, W. C., Astrup, A., et al. Gly-
cemic index, glycemic load and glycemic 

response: An International Scientific Con-
sensus Summit from the International 
Carbohydrate Quality Consortium 
(ICQC). Nutr. Metab. Cardiovasc. Dis. 
25:795, 2015.

25. Mozaffarian, R. S., Lee, R. M., Kennedy, 
M. A., Ludwig, D. S., Mozaffarian, D., 
and Gortmaker, S. L. Identifying whole 
grain foods: A comparison of different 
approaches for selecting more healthful 
whole grain products. Public Health Nutr. 
16:2255, 2013.

26. Li, Y., Hruby, A., Bernstein, A. M., Ley, S. 
H., Wang, D. D., et al. Saturated fats com-
pared with unsaturated fats and sources 
of carbohydrates in relation to risk of cor-
onary heart disease: A prospective cohort 
study. J. Am. Coll. Cardiol. 66:1538, 2015.

27. Santiago, S., Zazpe, I., Bes-Rastrollo, M., 
Sánchez-Tainta, A., Sayón-Orea, C., de la 
Fuente-Arrillaga, C., Benito, S., Martínez, 
J. A., and Martínez-González, M. Á. Car-
bohydrate quality, weight change and inci-
dent obesity in a Mediterranean cohort: 
The SUN Project. Eur. J. Clin. Nutr. 69: 
297, 2015.

28. Jones, J. M. Glycemic index: The state 
of the science, part 2—Roles in weight,
weight loss, and satiety. Nutr. Today 48:7, 
2013.

29. Schwingshackl, L., Hobl, L. P., and Hoff-
mann, G. Effects of low glycaemic index/
low glycaemic load vs. high glycaemic
index/high glycaemic load diets on over-
weight/obesity and associated risk factors 
in children and adolescents: A systematic 
review and meta-analysis. Nutr. J. 14:87, 
2015.

30. Esfahani, A., Wong, J. M., Mirrahimi, A., 
Villa, C. R., and Kendall, C. W. The ap-
plication of the glycemic index and glyce-
mic load in weight loss: A review of the
clinical evidence. IUBMB Life 63:7, 2011.

31. Livesey, G., Taylor, R., Hulshof, T., and
Howlett, J. Glycemic response and health—
A systematic review and meta-analysis:
Relations between dietary glycemic prop-
erties and health outcomes. Am. J. Clin. 
Nutr. 87:258S, 2008.

32. Braunstein, C. R., Blanco Mejia, S., 
Stoiko, E., Noronha, J. C., Choo, V.,
Ha, V., Augustin, L., Jenkins, D. J. A., 
Kendall, C. W. C., and Sievenpiper, J. L. 
Effect of Low-Glycemic Index/Load Diets 
on Body Weight: A Systematic Review
and Meta-Analysis. FASEB J. 30(Suppl. 1):
906.9, 2016.

33. Banting, W. Letter on Corpulence, 3rd ed. 
Published online at www.thefitblog.net/
ebooks/LetterOnCorpulence/Letteron 
Corpulence.pdf. Haerison, London, 1864.

34. Teicholz, N. The scientific report guiding 
the US dietary guidelines: Is it scientific? 
BMJ 351:h4962, 2015.

35. Lowe, M. R., and Levine, A. S. Eating mo-
tives and the controversy over dieting:
Eating less than needed versus less than
wanted. Obes. Res. 13:797, 2005.

36. Hooper, L., Abdelhamid, A., Bunn, D.,
Brown, T., Summerbell, C. D., and Skeaff, 
C. M. Effects of total fat intake on body 
weight. Cochrane Database Syst. Rev.
DOI: 10.1002/14651858.CD011834.
2015.

37. Alexandraki, I., Palacio, C., and Moora-
dian, A. D. Relative merits of low-carbo-
hydrate versus low-fat diet in managing 
obesity. South. Med. J. 108:401, 2015.

38. Nordmann, A. J., Nordmann, A., Briel, 
M., Keller, U., Yancy, W. S., Jr., Brehm, B. 
J., and Bucher, H. C. Effects of low-carbo-
hydrate vs low-fat diets on weight loss
and cardiovascular risk factors: A meta-
analysis of randomized controlled trials. 
Arch. Intern. Med. 166:285, 2006.

39. Atallah, R., Filion, K. B., Wakil, S. M.,
Genest, J., Joseph, L., Poirier, P., Rinfret, 
S., Schiffrin, E. L., and Eisenberg, M. J. 
Long-term effects of 4 popular diets on 
weight loss and cardiovascular risk fac-
tors: A systematic review of randomized 
controlled trials. Circ. Cardiovasc. Qual. 
Outcomes 7:815, 2014.

40. Naude, C. E., Schoonees, A., Senekal, M., 
Young, T., Garner, P., and Volmink, J. Low 
carbohydrate versus isoenergetic balanced 
diets for reducing weight and cardiovas-
cular risk: A systematic review and meta-
analysis. PLoS One DOI: http://dx.doi.
org/10.1371/journal.pone.0100652. 2014.

41. Dyson, P. Low carbohydrate diets and type
2 diabetes: What is the latest evidence? 
Diabetes Ther. 6:411, 2015.

42. van Wyk, H. J., Davis, R. E., and Davies, J. 
S. A critical review of low-carbohydrate 
diets in people with type 2 diabetes. Dia-
betes Med. 33:148, 2016.

43. Gargallo Fernández, M., Breton Lesmes, 
I., Basulto Marset, J., Quiles Izquierdo, J., 
Formiguera Sala, X., et al. Evidence-based 
nutritional recommendations for the pre-
vention and treatment of overweight and 
obesity in adults (FESNAD-SEEDO con-
sensus document). The role of diet in obe-
sity treatment (III/III). Nutr. Hosp. 27: 
833, 2012.

44. Jones, J. M., Peña, R. J., Korczak, R., and 
Braun, H. J. Carbohydrates, grains, and 
whole grains and disease prevention. Part 
II. Blood pressure, metabolic syndrome, 
and diabetes. Cereal Foods World 61:106, 
2016.

45. Lagerpusch, M., Enderle, J., Eggeling, B., 
Braun, W., Johannsen, M., Pape, D., 
Müller, M. J., and Bosy-Westphal, A. 
Carbohydrate quality and quantity affect 
glucose and lipid metabolism during
weight regain in healthy men. J. Nutr.
143:593, 2013.

46. Liebman, M. When and why carbohydrate
restriction can be a viable option. Nutri-
tion 30:748, 2014.

47. Hall, K. D., Bemis. T., Brychta, R., Chen, 
K. Y., Courville, A., et al. Calorie for calo-
rie, dietary fat restriction results in more 
body fat loss than carbohydrate restric-

61



MAY–JUNE 2016, VOL. 61, NO. 3

tion in people with obesity. Cell Metab. 
22:427, 2015.

48. Acheson, K. J. Diets for body weight con-
trol and health: The potential of changing 
the macronutrient composition. Eur. J. 
Clin. Nutr. 67:462, 2013.

49. Cornier, M. A., Donahoo, W. T., Pereira, 
R., Gurevich, I., Westergren, R., et al. 
Insulin sensitivity determines the effec-
tiveness of dietary macronutrient compo-
sition on weight loss in obese women.
Obes. Res. 13:703, 2005.

50. Sasakabe, T., Haimoto, H., Umegaki, H., 
and Wakai, K. Association of decrease in 
carbohydrate intake with reduction in
abdominal fat during 3-month moderate 
low-carbohydrate diet among non-obese 
Japanese patients with type 2 diabetes. 
Metabolism 64:618, 2015.

51. McClain, A. D., Otten, J. J., Hekler, E. B., 
and Gardner, C. D. Adherence to a low-
fat vs. low-carbohydrate diet differs by 
insulin resistance status. Diabetes Obes. 
Metab. 15:87, 2013.

52. Del Corral, P., Bryan, D. R., Garvey, 
W. T., Gower, B. A., and Hunter, G. R. 
Dietary adherence during weight loss 
predicts weight regain. Obesity (Silver 
Spring) 19:77, 2011.

53. Ordovas, J. M. Genotype-phenotype asso-
ciations: Modulation by diet and obesity. 
Obesity (Silver Spring) 16(Suppl. 3):S40, 
2008.

54. Alhassan, S., Kim, S., Bersamin, A., King, 
A. C., and Gardner, C. D. Dietary adher-
ence and weight loss success among over-
weight women: Results from the A TO Z 
weight loss study. Int. J. Obes. (Lond.) 32: 
985, 2008.

55. Seal, C. J., and Brownlee, I. A. Whole-grain 
foods and chronic disease: Evidence from 
epidemiological and intervention studies. 
Proc. Nutr. Soc. 74:313, 2015.

56. Giacco, R., Della Pepa, G., Luongo, D., 
and Riccardi, G. Whole grain intake in 
relation to body weight: From epidemio-
logical evidence to clinical trials. Nutr. 
Metab. Cardiovasc. Dis. 21:901, 2011.

57. Brownlee, I. A., Moore, C., Chatfield, M., 
Richardson, D. P., Ashby, P., Kuznesof, S. 
A., Jebb, S. A., and Seal, C. J. Markers of 
cardiovascular risk are not changed by 
increased whole-grain intake: The
WHOLEheart study, a randomised, 
controlled dietary intervention. Br. J.
Nutr. 104:125, 2010.

58. Linde, J. A., Utter, J., Jeffery, R. W., Sher-
wood, N. E., Pronk, N. P., and Boyle, R. 
G. Specific food intake, fat and fiber in-
take, and behavioral correlates of BMI
among overweight and obese members 
of a managed care organization. Int. J. 
Behav. Nutr. Phys. Act. 3:42, 2006.

59. Newby, P., Muller, D., Hallfrisch, J., Qiao, 
N., Andres, R., and Tucker, K. L. Dietary 
patterns and changes in body mass index 
and waist circumference in adults. Am. J. 
Clin. Nutr. 77:1417, 2003.

60. Koh-Banerjee, P., Franz, M., Sampson, L., 
Liu, S., Jacobs, D. R., Jr., Spiegelman, D., 
Willett, W., and Rimm, E. Changes in 
whole-grain, bran, and cereal fiber con-
sumption in relation to 8-y weight gain 
among men. Am. J. Clin. Nutr. 80:1237, 
2004.

61. Liu, S., Willett, W. C., Manson, J. E., Hu, 
F. B., Rosner, B., and Colditz, G. Relation 
between changes in intakes of dietary fiber 
and grain products and changes in weight 
and development of obesity among middle-
aged women. Am. J. Clin. Nutr. 78:920, 
2003.

62. Du, H., van der A, D. L., Boshuizen, H. 
C., Forouhi, N. G., Wareham, N. J., et al. 
Dietary fiber and subsequent changes in 
body weight and waist circumference in 
European men and women. Am. J. Clin. 
Nutr. 91:329, 2010.

63. van de Vijver, L. P., van den Bosch, L. M., 
van den Brandt, P. A., and Goldbohm, R. 
A. Whole-grain consumption, dietary
fibre intake and body mass index in the 
Netherlands cohort study. Eur. J. Clin.
Nutr. 63:31, 2009.

64. Feskens, E. J., Sluik, D., and Du, H. The 
association between diet and obesity in 
specific European cohorts: DiOGenes
and EPIC-PANACEA. Curr. Obes. Rep. 
3:67, 2014.

65. Rautiainen, S., Wang, L., Lee, I. M., Man-
son, J. E., Buring, J. E., and Sesso, H. D. 
Higher intake of fruit, but not vegetables 
or fiber, at baseline is associated with
lower risk of becoming overweight or
obese in middle-aged and older women 
of normal BMI at baseline. J. Nutr. 145: 
960, 2015.

66. Cho, S. S., Qi, L., Fahey, G. C., Jr., and
Klurfeld, D. M. Consumption of cereal
fiber, mixtures of whole grains and bran, 
and whole grains and risk reduction in
type 2 diabetes, obesity, and cardiovas-
cular disease. Am. J. Clin. Nutr. 98:594,
2013.

67. Thielecke, F., and Jonnalagadda, S. S. Can 
whole grain help in weight management? 
J. Clin. Gastroenterol. 48(Suppl. 1):S70,
2014.

68. Choumenkovitch, S. F., McKeown, N. M., 
Tovar, A., Hyatt, R. R., Kraak, V. I., Hast-
ings, A. V., Herzog, J. B., and Economos, 
C. D. Whole grain consumption is in-
versely associated with BMI Z-score in 
rural school-aged children. Public Health 
Nutr. 16:212, 2013.

69. Koh-Banerjee, P., and Rimm, E. B. Whole 
grain consumption and weight gain: A
review of the epidemiological evidence, 
potential mechanisms and opportunities 
for future research. Proc. Nutr. Soc. 62:25,
2003.

70. Ye, E. Q., Chacko, S. A., Chou, E. L., Ku-
gizaki, M., and Liu, S. Greater whole-
grain intake is associated with lower risk 
of type 2 diabetes, cardiovascular disease, 
and weight gain. J. Nutr. 42:1304, 2012.

71. Ampatzoglou, A., Atwal, K. K., Maidens, 
C. M., Williams, C. L., Ross, A. B.,
Thielecke, F., Jonnalagadda, S. S., Ken-
nedy, O. B., and Yaqoob, P. Increased
whole grain consumption does not affect 
blood biochemistry, body composition, 
or gut microbiology in healthy, low-
habitual whole grain consumers. J. Nutr. 
45:215, 2015.

72. Harris Jackson, K., West, S. G., Vanden 
Heuvel, J. P., Jonnalagadda, S. S., Ross, 
A. B., Hill, A. M., Grieger, J. A., Lemieux, 
S. K., and Kris-Etherton, P. M. Effects of 
whole and refined grains in a weight-loss 
diet on markers of metabolic syndrome 
in individuals with increased waist cir-
cumference: A randomized controlled-
feeding trial. Am. J. Clin. Nutr. 100:577, 
2014.

73. Karl, J. P., and Saltzman, E. The role of 
whole grains in body weight regulation. 
Adv. Nutr. 3:697, 2012.

74. Venn, B. J., Perry, T., Green, T. J., Skeaff, 
C. M., Aitken, W., et al. The effect of 
increasing consumption of pulses and 
wholegrains in obese people: A ran-
domized controlled trial. J. Am. Coll.
Nutr. 29:365, 2010.

75. Kristensen, M., Toubro, S., Jensen, M. G., 
Ross, A. B., Riboldi, G., Petronio, M.,
Bügel, S., Tetens, I., and Astrup, A.
Whole grain compared with refined
wheat decreases the percentage of body 
fat following a 2-week, energy-restricted 
dietary intervention in postmenopausal 
women. J. Nutr. 142:710, 2012.

76. Katcher, H. I., Legro, R. S., Kunselman, A. 
R., Gillies, P. J., Demers, L. M., Bagshaw, 
D. M., and Kris-Etherton, P. M. The ef-
fects of a whole grain-enriched hypoca-
loric diet on cardiovascular disease risk 
factors in men and women with meta-
bolic syndrome. Am. J. Clin. Nutr. 87:79, 
2008.

77. Pol, K., Christensen, R., Bartels, E. M., 
Raben, A., Tetens, I., and Kristensen, M. 
Whole grain and body weight changes in 
apparently healthy adults: A systematic 
review and meta-analysis of randomized 
controlled studies. Am. J. Clin. Nutr. 98: 
872, 2013.

78. Halkjaer, J., Tjonneland, A., Thomsen, B. 
L., Overvad, K., and Sørensen, T. I. Intake 
of macronutrients as predictors of 5-y
changes in waist circumference. Am. J.
Clin. Nutr. 84:789, 2006.

79. Williams, P. G., Grafenauer, S. J., and
O’Shea, J. E. Cereal grains, legumes, and 
weight management: A comprehensive 
review of the scientific evidence. Nutr. 
Rev. 66:171, 2004.

80. Kristensen, M., Jensen, M. G., Riboldi, 
G., Petronio, M., Bügel, S., Toubro, S., 
Tetens, I., and Astrup, A. Wholegrain vs. 
refined wheat bread and pasta. Effect on 
postprandial glycemia, appetite, and sub-
sequent ad libitum energy intake in young 
healthy adults. Appetite 54:163, 2010.

62



CEREAL FOODS WORLD

81. Keogh, J., Atkinson, F., Eisenhauer, B., 
Inamdar, A., and Brand-Miller, J. Food 
intake, postprandial glucose, insulin and 
subjective satiety responses to three dif-
ferent bread-based test meals. Appetite 
57:707, 2011.

82. Hlebowicz, J., Lindstedt, S., Björgell, O., 
Höglund, P., Almér, L. O., and Darwiche, 
G. The botanical integrity of wheat prod-
ucts influences the gastric distention and 
satiety in healthy subjects. Nutr. J. 7:12, 
2008.

83. Najjar, A. M., Parsons, P. M., Duncan, A. 
M., Robinson, L. E., Yada, R. Y., and 
Graham, T. E. The acute impact of in-
gestion of breads of varying composition 
on blood glucose, insulin and incretins 
following first and second meals. Br. J. 
Nutr. 101:391, 2009.

84. Breen, C., Ryan, M., Gibney, M. J., Cor-
rigan, M., and O’Shea, D. Glycemic, in-
sulinemic, and appetite responses of
patients with type 2 diabetes to com-
monly consumed breads. Diabetes Educ. 
39:376, 2013.

85. Gonzalez-Anton, C., Lopez-Millan, B., 
Rico, M. C., Sanchez-Rodriguez, E., Ruiz-
Lopez, M. D., Gil, A., and Mesa, M. D.
An enriched, cereal-based bread affects
appetite ratings and glycemic, insulinemic,
and gastrointestinal hormone responses 
in healthy adults in a randomized, con-
trolled trial. J. Nutr. 145:231, 2015.

86. Bautista-Castaño, I., and Serra-Majem, L. 
Relationship between bread consumption, 
body weight, and abdominal fat distribu-
tion: Evidence from epidemiological stud-
ies. Nutr. Rev. 70:218, 2012.

87. Lankinen, M., Schwab, U., Seppänen-
Laakso, T., Mattila, I., Juntunen, K.,
Mykkänen, H., Poutanen, K., Gylling,
H., and Oresic, M. Metabolomic analysis 
of plasma metabolites that may mediate 
effects of rye bread on satiety and weight 
maintenance in postmenopausal women. 
J. Nutr. 141:3, 2011.

88. Knudsen, V. K., Matthiessen, J., Biltoft-
Jensen, A., Sørensen, M. R., Groth, M. V., 
Trolle, E., Christensen, T., and Fagt, S.
Identifying dietary patterns and associ-
ated health-related lifestyle factors in the 
adult Danish population. Eur. J. Clin. Nutr.
68:736, 2014.

89. Kyrø, C., Skeie, G., Dragsted, L. O., Chris-
tensen, J., Overvad, K., et al. Intake of
whole grains in Scandinavia is associated 
with healthy lifestyle, socio-economic and 
dietary factors. Public Health Nutr. 14: 
1787, 2011.

90. Sandvik, P., Kihlberg, I., Lindroos, A. K., 
Marklinder, I., and Nydahl, M. Bread 
consumption patterns in a Swedish na-
tional dietary survey focusing particu-

larly on whole-grain and rye bread. Food 
Nutr. Res. DOI: 10.3402/fnr.v58.24024. 
2014.

91. Serra-Majem, L., and Bautista-Castaño, I. 
Relationship between bread and obesity. 
Br. J. Nutr. 113(Suppl. 2):S29, 2015.

92. Bautista-Castaño, I., Sánchez-Villegas, A., 
Estruch, R., Martínez-González, M. A., 
Corella, D., et al. Changes in bread con-
sumption and 4-year changes in adiposity 
in Spanish subjects at high cardiovascular 
risk. Br. J. Nutr. 110:337, 2013.

93. Loria-Kohen, V., Gómez-Candela, C., 
Fernández-Fernández, C., Pérez-Torres, 
A., García-Puig, J., and Bermejo, L. M. 
Evaluation of the usefulness of a low-
calorie diet with or without bread in the 
treatment of overweight/obesity. Clin. 
Nutr. 31:455, 2012.

94. Loria Kohen, V., Gómez Candela, C., 
Fernández-Fernández, C., Pérez Torres, 
A., Villarino Sanz, M., and Bermejo, L. 
M. Impact of two low-calorie meals with 
and without bread on the sensation of 
hunger, satiety and amount of food con-
sumed. Nutr. Hosp. 26:1155, 2011.

95. Khosravi-Boroujeni, H., Sarrafzadegan, 
N., Mohammadifard, N., Sajjadi, F.,
Maghroun, M., Asgari, S., Rafieian- 
Kopaei, M., and Azadbakht, L. White 
rice consumption and CVD risk factors
among Iranian population. J. Health 
Popul. Nutr. 31:252, 2013.

96. Kennedy, E., and Luo, H. Association
between rice consumption and selected 
indicators of dietary and nutritional sta-
tus using National Health and Nutrition 
Examination Survey 2007–2008. Ecol. 
Food Nutr. 54:224, 2015.

97. Fulgoni, V. L., 3rd, Chu, Y., O’Shea, M., 
Slavin, J. L., and DiRienzo, M. A. Oat-
meal consumption is associated with
better diet quality and lower body mass 
index in adults: The National Health and 
Nutrition Examination Survey (NHANES),
2001–2010. Nutr. Res. 5:1052, 2015.

98. Shi, Z., Taylor, A. W., Hu, G., Gill, T., and 
Wittert, G. A. Rice intake, weight change 
and risk of the metabolic syndrome de-
velopment among Chinese adults: The 
Jiangsu Nutrition Study (JIN). Asia Pac.
J. Clin. Nutr. 21:35, 2012.

99. Bazzano, L. A., Song, Y., Bubes, V., Good, 
C. K., Manson, J. E., and Liu, S. Dietary 
intake of whole and refined grain break-
fast cereals and weight gain in men. Obes. 
Res. 13:1952, 2005.

100. de la Hunty, A., Gibson, S., and Ashwell, 
M. Does regular breakfast cereal con-
sumption help children and adolescents 
stay slimmer? A systematic review and 
meta-analysis. Obes. Facts 6:70, 2013.

101. Balvin Frantzen, L., Treviño, R. P., Echon, 

R. M., Garcia-Dominic, O., and DiMarco, 
N. Association between frequency of
ready-to-eat cereal consumption, nutrient 
intakes, and body mass index in fourth- 
to sixth-grade low-income minority chil-
dren. J. Acad. Nutr. Diet. 113:511, 2013.

102. Williams, P. G. The benefits of breakfast 
cereal consumption: A systematic review 
of the evidence base. Adv. Nutr. 5:636S, 
2014.

103. U.S. Department of Agriculture and U.S. 
Department of Health and Human Ser-
vices. Shifts needed to align with healthy 
eating patterns: Current eating pattern in 
the United States. In: Dietary Guidelines 
for Americans, 2015-2020, 8th ed. Pub-
lished online at health.gov/dietaryguide 
lines/2015/guidelines/chapter-2/current-
eating-patterns-in-the-united-states. U.S. 
Government Printing Office, Washing-
ton, DC, 2015.

104. Ross, A. B., Kristensen, M., Seal, C. J.,
Jacques, P., and McKeown, N. M. Recom-
mendations for reporting whole-grain 
intake in observational and intervention 
studies. Am. J. Clin. Nutr. 101:903, 2015.

105. Hur, I. Y., and Reicks, M. Relationship
between whole-grain intake, chronic
disease risk indicators, and weight status 
among adolescents in the National Health 
and Nutrition Examination Survey, 1999–
2004. J. Acad. Nutr. Diet. 112:46, 2012.

106. Ledikwe, J. H., Blanck, H. M., Khan, L. 
K., Serdula, M. K., Seymour, J. D., Tohill, 
B. C., and Rolls, B. J. Low-energy-density 
diets are associated with high diet quality 
in adults in the United States. J. Am. Diet. 
Assoc. 106:1172, 2006.

107. Shay, C. M., Van Horn, L., Stamler, J., 
Dyer, A. R., Brown, I. J., et al. Food and 
nutrient intakes and their associations 
with lower BMI in middle-aged US
adults: The International Study of 
Macro-/Micronutrients and Blood 
Pressure (INTERMAP). Am. J. Clin.
Nutr. 96:483, 2012.

108. Marciani, L., Pritchard, S. E., Hellier-
Woods, C., Costigan, C., Hoad, C. L.,
Gowland, P. A., and Spiller, R. C. Delayed 
gastric emptying and reduced postpran-
dial small bowel water content of equica-
loric whole meal bread versus rice meals 
in healthy subjects: Novel MRI insights. 
Eur. J. Clin. Nutr. 67:754, 2013.

109. Darzi, J., Frost, G. S., and Robertson, M. 
D. Do SCFA have a role in appetite regu-
lation? Proc. Nutr. Soc. 70:119, 2011.

110. Conterno, L., Fava, F., Viola, R., and 
Tuohy, K. M. Obesity and the gut micro-
biota: Does up-regulating colonic fermen-
tation protect against obesity and meta-
bolic disease? Genes Nutr. 6:241, 2011.

63


	Blank Page
	Blank Page
	Blank Page
	Blank Page



