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ABSTRACT
Objective: The goal of this study was to simulate the application of the dietary recommendations to increase dietary
fiber (DF)-containing foods. Methods: This study used 24-hour dietary recalls from NHANES 2003-2006 to model the
impact of different approaches of increasing DF with current dietary patterns of US adults 19 + years: 1) increased all
DF-containing foods by 10%, 25%, 50%, or 100%; 2) increased DF content of low DF grain products to a good (2.5
g/serving) or an excellent source level (5.0 g/serving); and 3) increased intake of whole grain foods to meet the recommendation of one-half of total grain. Results: Increasing DF-containing foods by 10%, 25%, 50%, or 100% increased
DF intake to 16.9, 18.9, 22.1, and 29.5 g/d, respectively with a concomitant increase in energy of 104, 260, 521, 1042
kcal/d, respectively. Adding 2.5 or 5.0 g/serving DF to low DF grain foods to result in DF intakes of 24.7 and 39.1
g/day, respectively without increased energy. Increasing consumption of whole grain foods increased DF intake to 25.3
g/day but with an additional 1266 kcal/d. Conclusions: Adding additional DF to existing grain-based foods may be a
reasonable approach to getting more DF, without increased energy, in the American diet.
Keywords: Dietary Fiber, Adults, Statistical Modeling of Fiber, NHANES

1. Introduction
Dietary fiber (DF) provides important health benefits for
adults [1-3], including reducing the risk of coronary heart
disease (CHD) [4-10], type 2 diabetes [11,12], and
metabolic syndrome [13], and maintaining a healthy
body weight [14-16]. Professional and governmental organizations have issued guidelines or recommendations
for intakes of DF based on the totality of the evidence,
specifically fiber’s protective role against CHD. The
2010 Dietary Guidelines Advisory Committee (DGAC)
[17] advised 14 grams (g) of DF per 1000 kilocalories
(kcals), which is consistent with the Institute of
Medicine’s (IOM) Adequate Intake (AI) value for DF
[18]. MyPyramid was developed as a nutrition educational tool to implement the Dietary Guidelines for
Americans (DGA) [19]. In the food patterns, recommended DF intakes range from 25 - 38 g/day for adults
19 years and older (depending on gender) [19]. Despite
the many educational tools available to the consumer,
Americans continue to have DF intakes well below the
current recommendations. The usual daily intake of DF
was only 14 g to 18 g for adults depending on gender [20]
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which is low enough to be of concern [17]. Over 90% of
adults do not meet the AI for DF [20]. In an attempt to
get more Americans to meet DF recommendations, increased intake of fruit, vegetables, including legumes, and
whole grains have been encouraged [21,22].
According to the American Dietetic Association’s nationwide consumer opinion survey, Nutrition and You:
Trends 2008 [23], 41% of Americans did not know or
understand guidelines for diet and health and 52% reported that they needed more practical tips to help them
eat right. Data from the 2008 International Food Information Council Foundation Food and Health Survey [24],
showed that 86% of consumers had heard of MyPyramid
but only 20% acted on the information provided. However, 72% reported that they were trying to eat more DF,
but it was unclear what strategies they were using to get
more DF into their diets.
The purpose of this study was to simulate the application of the dietary recommendations to increase fibercontaining foods on usual DF and energy intake of adults.
Statistical modeling of current dietary intake data from
the National Health and Nutrition Examination Survey
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(NHANES) 2003-2006 was used to assess the impact. In
addition, modeling the impact of adding DF to existing
foods was also investigated.

2. Subjects and Methods
The NHANES is a continuous surveillance program designed to collect nationally representative information on
the health and nutrition status of the civilian, non-institutionalized US population. The NHANES data are
collected using a complex, stratified, multi-stage probability cluster sampling design. Data are collected via an
interview for demographic and basic health information,
and a comprehensive health examination conducted in a
mobile examination center (MEC). Detailed descriptions
of the sample design, interview procedures and physical
examinations conducted are available on line [25]. The
data sets from 2003-2004 and 2005-2006 were concatenated to increase sample size [26] to ensure reliable
estimates for population subgroups.
To obtain dietary data for the NHANES, trained interviewers conducted in person 24-hour dietary recalls using
the USDA Automated Multi-pass method during the MEC
examination [27,28]. Another dietary recall was administered via the telephone 3 - 10 days after the MEC
examination. For these analyses, participants 19 years of
age (y) and older with dietary records deemed reliable by
USDA’s Food Surveys Research Group were included;
pregnant and lactating females (n = 629) were excluded
which left an evaluable sample of 8861 (4559 males and
4302 females).
Intake data were used to conduct dietary simulations
modeling different approaches to increase DF intake in
US adults. Three separate simulations were conducted:
The first was to increase amount of DF containing foods
(i.e. fruit, vegetables, legumes, and grain products) consumed by 10%, 25%, 50% and 100%—all foods that
contained any amount of DF were increased. The second
was to increase DF composition of existing low DF grain
products at two levels: a) a “good source”, i.e. 2.5 g per
reference amount customarily consumed (RACC) and b)
an “excellent source” level, both defined by the US Food
and Drug Administration (FDA) [29] i.e. 5 g/RACC [29]
—all grain products with less than 2.5 g DF/RACC were
modified to contain 2.5 or 5.0 g DF/RACC. The third
was to increase consumption of whole grains to the point
where one-half of grains consumed were whole grains.
However, since preliminary analyses indicated whole
grain intake was very low, the increase in whole grains
was limited to a fivefold (500%) increase—whole grain
foods were increased until half of total grains were whole
grains or the increase in whole grain intake increased
fivefold. For each simulation scenario, 24 hr recall
intakes of energy and DF were recalculated based on
Copyright © 2011 SciRes.

respective changes in food intake/composition.
Usual energy and DF intake were determined at baseline and for each simulation using the National Cancer
Institute (NCI) method [30]. The NCI supplied SAS
programs Mixtran v1.1 and Distrib v1.1 were used to
generate parameter effects after covariate adjustment and
to estimate distribution of usual intake via Monte Carlo
method, respectively [31]. Covariates were day of week
of 24 hr recall [coded as weekend (Friday-Sunday) or
weekday (Monday-Thursday)] and sequence of dietary
recall (first or second). The balanced repeated replication
method with a non-response adjustment was used for
variance estimates, standard errors, and confidence intervals for usual intake means, percentiles, and probabilities
of meeting a cutoff amount. Two cutoff values were
examined: 1) percentage of the population with intakes
greater than the AI for DF established by the IOM [18]
and 2) percentage of the population with intakes greater
than the Daily Value (DV) for DF established by the FDA
of 25 g/d. All analyses were conducted using SAS (version
10, SAS Institute; Cary, NC) software and dietary sample
weights were used to account for differential non-response,
to adjust for over sampling of some groups, and to account
for the complex sample design of NHANES [26].

3. Results
Usual baseline DF intake was 15.7 g/d (13.7 and 17.7 g/d
in females and males, respectively). Only 3.9% of adults
19 + y had DF intakes greater than the AI; 7.5 % had DF
intake greater than the DV (25/g/d). In males, 2.4% had
DF intakes greater than the AI and 13.6% had DF intakes
greater than the DV. In females, 5.6% of adults had DF
intakes greater than the AI and 2.6% had DF intakes
greater than the DV (Figure 1).
Increasing DF containing foods 10%, 25%, 50%, or
100% increased the average DF intake in adults to 16.9,

Figure 1. Probabilities above cutoff values of recommended
dietary fiber intake in adults.
FNS
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18.9, 22.1, and 28.5 g/d, respectively; however, energy
increased 104, 260, 521, 1042 kcal/d, respectively (Table
1). In males, 100% increase in DF containing foods
resulted in DF intake of 32.2 g/d; however, energy
increased 1205 kcal/d. In females, 100% increase in DF
containing foods resulted in DF intake of 25.0 g/d
however energy increased 882 kcal/d.
Adding fiber to grain foods low in DF to result in
either 2.5 or 5.0 g DF/serving resulted in DF intakes of
24.7 and 39.1 g/day, respectively without an increase in
energy; comparable data in males were 28.6 and 45.6 g/d
and in females were 21.0 and 32.9 g/d, respectively
(Table 2).
Increasing consumption of currently available whole
grain foods to meet the recommendation that one-half of
total grain intake was while grains increased average DF
intake in adults to 25.3 g/day but with an additional 1266
kcal/d. In males, increases in DF were to 28.5 g/d with an
energy increase of 1395 kcal/d. In females, increases in
DF were to 22.4 g/d with an energy increase of 1151
Table 1. Mean usual intake with simulation of increase in
fiber containing foods—NHANES 2003-20061.
Percentage Increase in
fiber containing foods2

Mean g/d ± SE

Increase in kcal

All
0% (Baseline)

15.7 ± 0.3

10%

16.9 ± 0.3

104

25%

18.9 ± 0.3

260

50%

22.1 ± 0.4

521

100%

28.5 ± 0.6

1042

Males
0% (Baseline)

17.7 ± 0.4

10%

19.2 ± 0.4

121

25%

21.3 ± 0.4

301

50%

25.0 ± 0.5

602

100%

32.2 ± 0.7

1205

Females
0% (Baseline)

13.7 ± 0.4

10%

14.8 ± 0.4

88

25%

16.5 ± 0.5

221

50%

19.3 ± 0.5

441

100%

25.0 ± 0.7

882

1

Usual intake and probability greater than AI/DV determined using the NCI
method; 2Fiber containing fruits, vegetables, legumes, and grain products.

Copyright © 2011 SciRes.

927

kcal/d (Table 3).

4. Discussion
The current recommendation for DF was based on an
evidence-based approach which showed that DF decreased the risk of chronic diseases, especially CHD, and
other health-related conditions [1,2]. Dietary fiber is
present in many foods in the diet, including grain products, fruits, and vegetables, including legumes; however,
even with the myriad of widely available foods that
contain DF, over 90% of adults do not meet the AI for
DF [20]. This suggests that consuming the recommended level of DF is challenging for most adults. The
current study looked at three modeling scenarios for
increasing DF in the diet. These included increasing the
amount of DF containing foods currently being consumed; increasing the fiber content of low DF grain
products; and increasing the amount of whole grain foods
to the point at which one-half of the grain servings
consumed were whole grains. In two of these scenarios,
the amount of food was increased in the modeling—so it
was an addition rather than a substitution approach. As
would be expected, adding foods to current usual intakes
resulted in higher energy intake. For example, increasing
the amount of DF containing foods increased DF intake
to 17 to 30 g/day, but with a cost of increasing energy by
104 to 1042 kcals/per day. Increasing the consumption of
currently available whole grain foods increased DF intake to 25 g/per day, but with an additional 1266 kcal/per
day.
The 2005 DGA made the following recommendations
for DF-containing food groups to encourage [21]: consume a sufficient amount of fruits and vegetables while
staying within energy needs, choose a variety of fruits
and vegetables each day, and consume 3 or more ounceequivalents of whole-grain products per day-with the rest
of the recommended grains coming from enriched or
whole-grain products. Consumption of whole grains, in
particular, has been noted as a means for increasing DF
intake. This study addressed the ability of individuals to
meet the DF recommendations by increasing DF-containing foods, particularly whole grains. As pointed out
by Crawford “[T]he average person with a 2000 calorie
intake needs 28 grams of fiber per day. It’s extremely
difficult to get that much fiber in your diet without the
consumption of whole grains, and the Dietary Guidelines
recognize and promote the intake of whole grains as an
important source of dietary fiber” [32].
The DF content of whole grains and whole grain foods
varies considerably [33]. For example, 16 g of brown rice
delivers an average of 0.5 g DF, whereas the same
amount of whole wheat delivers an average of 2 g DF
[34]. Surprisingly, in the US, foods reported as whole
FNS
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Table 2. Usual intake and probabilities above cutoff values of recommended dietary fiber intake in adults (19 + yr) with
simulation of increasing fiber in low fiber grain foods—NHANES 2003-20061,2.
Increase in fiber of grain foods to
good source or excellent source3

Mean (g/d) ± SE

% > AI ± SE

% > Daily Value (25 g/d) ± SE

Increase to good source

24.7 ± 0.4

28.8 ± 0.01

44.4 ± 0.02

Increase to excellent source

39.1 ± 0.6

78.9 ± 0.01

85.7 ± 0.01

Increase to good source

28.6 ± 0.5

23.4 ± 0.02

62.1 ± 0.02

Increase to excellent source

45.6 ± 0.9

75.7 ± 0.02

94.1 ± 0.01

Increase to good source

21.0 ± 0.4

34.6 ± 0.02

25.5 ± 0.02

Increase to excellent source

32.9 ± 0.7

All

Males

Females

1

82.2 ± 0.02
2

76.3 ± 0.02
3

Usual intake and probability greater than AI/DV determined using the NCI method; Energy intake is not affected; Only grain foods fiber levels increased.

Table 3. Mean usual intake and probabilities above cutoff values of recommended dietary fiber intake in adults (19 + yr) with
simulation of increasing whole grain foods to recommended levels—NHANES 2003-20061.
Increase in whole grain foods to meet
recommendations2

Gender

Mean±SE

% > AI ± SE

% > Daily Value (25 g/d) ± SE

Dietary Fiber, g/d

Both

25.3 ± 0.5

33.5 ± 0.02

44.8 ± 0.02

Energy, kcal/d

Both

1266 ± 59

Dietary Fiber, g/d

Males

28.5 ± 0.7

26.3 ± 0.02

55.8 ± 0.02

Energy, kcal/d

Males

1395 ± 89

Dietary Fiber, g/d

Females

22.4 ± 0.7

41.0 ± 0.03

33.0 ± 0.03

Energy, kcal/d

Females

1151 ± 76

1

Usual intake and probability greater than AI/DV determined using the NCI method; 2Whole grain foods increased to meet recommendations of one-half of total
grain; (maximum increase of five times current intake).

grain can also vary in whole grain content. In many cases
they contain 50% or less of whole grain (8 g whole grain
or less) and deliver less than a good source of fiber. The
FDA definition of whole grains does not consider DF
content; this can be misleading to consumers who may
believe that all whole grain foods are good to excellent
sources of DF. Most grains consumed by Americans are
refined grains [17,21]. Refined grains have much of the
DF content removed during milling; however, DF can be
added back to these products. Consumers should be
advised to specifically look for fiber content in a product.
Most intervention studies designed to increase intakes
of fruit and vegetables have done so in modest amounts
but with little to no change in body weight [35]. A
systematic review of the relationship of fruit and vegetable intake with adiposity reported that 50% of intervention studies did not control for energy intake in the
analyses [35]. Since the focus of these intervention stu-
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dies was to get individuals to eat more fruit and vegetables, this may have inadvertently led to increased energy intake which accounted for the finding that changes in
weight were not seen in many of these studies. Intervention studies may need to use a substitution approach
for changing eating behaviors when physiologic outcomes, such as adiposity, were examined. For the consumer, the recommendations for consumption of food
groups or individual nutrients, like DF, may not be clear
(23). Consumption of fruit and vegetables by Americans is low [36]. Americans would need to increase their
fruit and vegetable intake by 300% - 500% (depending
on age and gender) over their current consumption [21]
to meet recommendations. The recommendation to choose
a variety of fruit and vegetables may also lead to increased
energy intake [37] but this was not assessed in the modeling scenarios.
The increase in energy from increasing fruit, vegetable,
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and grain intake seen in this study may be the result of
the foods commonly selected by Americans. Many fruit,
vegetables, and grains consumed are high in added fat
and added sugars [38] due to preparation and processing,
which could explain the increase in energy when these
commonly consumed foods were increased incrementally
in the diet. Thus, the current recommendation to increase
consumption of fruit, vegetables, and grain products
needs to emphasize staying within energy needs and that
increasing the consumption of these foods, needs to be
balanced with a decrease in added fats and added sugars,
major contributors to energy intake [38].
It might be argued that the “addition approach” in the
modeling scenarios is artificial and was not the intent of
the 2005 DGA. Further complicating this scenario was
that the recommendation for fruit and vegetables addressed energy intake, whereas the whole grain recommendation did not. The WHOLEheart study [39], a 16week whole grain intervention study, suggested that
participants appeared to add whole grain foods rather
than substitute them, and which resulted in increased
energy intake. Substitution of whole grains for refined
grains can be cumbersome for many consumers and a
common response may be to simply add whole grains to
the existing diet. This supports that the modeling scenario reported herein is relevant to consumer behavior.
The third modeling scenario of increasing the DF
content in low DF grain foods resulted in DF intakes of
25 and 39 g/day without an increase in energy. This is a
reasonable approach to getting more DF into the American diet. The food industry has recently taken this
approach [40]. For example, a major cereal company
recently announced that by the end of 2010, 80% of their
cereals will contain at least 3 g of DF/serving. Similar
efforts need to be made with adding DF back to refined
grains after processing.
These simulations clearly showed the extent of behavior change needed to meet DF recommendations. An
argument can be made that the consumer messaging and
the education materials of MyPyramid should focus on
the energy content of foods while choosing more DFcontaining foods. The 2005 DGAC report [21] stated that
it is important to decrease the intake of less-nutrientdense foods to control energy intake. However, the substitution message gets lost in the translation to consumers.
In MyPyramid, fruit, vegetables, and whole grains are
encouraged and saturated fatty acids, trans-fatty acids,
cholesterol, sodium and added sugars are discouraged
[19]. It is unlikely that consumers make the connection
that if they increase DF-containing foods in the diet they
also need to decrease foods high in energy.
Increasing DF intake without a concomitant increase
in energy can be accomplished through consumer mesCopyright © 2011 SciRes.
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saging and supplementation of food products. Consumer
messaging for dietary recommendations may need to
provide additional guidance on what foods can be decreased in the diet when other foods are encouraged in an
effort to manage energy balance. Those providing dietary
guidance to consumers should continue to stress the importance of meeting the DF recommendation and guide
consumers to foods with the highest DF levels. Industry
needs to evaluate their portfolios to find ways of increasing the DF content of foods.
This study shows the value of adding sources of DF to
existing grain-based foods. In addition, a focus on consuming more of the fiber-rich part of grains, e.g. the bran,
which contains the majority of grain fiber without the
starchy, high-energy endosperm, should also be considered. Current recommendations do not promote foods
high in bran along with whole grains. Use of fiber additions and bran represents viable and attractive options
because they leverage current eating habits, therefore are
less disruptive and consequently can be easier to adopt
by consumers. Recommendations should take into account
these findings and consider both approaches. The challenge is for the food industry to develop technologies to
apply suitable DF sources in ways that can be incorporated without negatively impacting the sensory characteristics of commonly available grain-based foods and
maintain consumer acceptability.
This study was not without limitations. Analyses of
NHANES data are limited by the cross-sectional design
and the use of 24-hour dietary recall data. Therefore, data
were subject to non-sampling errors, such as under- or
over-reporting of energy and examiner effects. The approach used in these modeling exercises was the addition
of food sources of DF consumed by that person in the
sample. This scenario illustrates that to meet DF levels
consumers have to select different foods higher in DF. A
similar study is needed to look at modeling scenarios
using a substitution approach for meeting DF recommendations with foods high in DF which are not commonly consumed by Americans.
The current recommendations for some foods to encourage (i.e. fruit, vegetables, and whole-grain products)
in the diets of Americans may result in a substantial increase in energy consumed depending on how the consumer interprets them. The implication is that consumers
need to consume more of these foods. Dietary recommendations that call for an increase in consumption of
foods need to be clear that this should be within energy
needs. This recommendation must be further translated to
include that the consumption of these foods, in their
lowest fat form, needs to go together with decreasing
other nutrient-poor foods, added fats and added sugars in
the diet. The challenge is how to get these messages to
FNS
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the consumer in a way that is both useful and valuable to
them.
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