Dietary, Functional, and
Total Fiber

SUMMARY

Dietary Fiber consists of nondigestible carbohydrates and lignin that
are intrinsic and intact in plants. Functional Fiber consists of isolated,
nondigestible carbohydrates that have beneficial physiological effects
in humans. Total Fiber is the sum of Dietary Fiber and Functional
Fiber. Fibers have different properties that result in different
physiological effects. For example, viscous fibers may delay the
gastric emptying of ingested foods into the small intestine, result-
ing in a sensation of fullness, which may contribute to weight con-
trol. Delayed gastric emptying may also reduce postprandial blood
glucose concentrations and potentially have a beneficial effect on
insulin sensitivity. Viscous fibers can interfere with the absorption
of dietary fat and cholesterol, as well as with the enterohepatic
recirculation of cholesterol and bile acids, which may result in
reduced blood cholesterol concentrations. Consumption of Dietary
and certain Functional Fibers, particularly those that are poorly
fermented, is known to improve fecal bulk and laxation and
ameliorate constipation. The relationship of fiber intake to colon
cancer is the subject of ongoing investigation and is currently
unresolved. An Adequate Intake (AI) for Total Fiber in foods is set
at 38 and 25 g/d for young men and women, respectively, based
on the intake level observed to protect against coronary heart dis-
ease. Median intakes of Dietary Fiber ranged from 16.5 to 17.9 g/d
for men and 12.1 to 13.8 g/d for women (Appendix Table E-4).
There was insufficient evidence to set a Tolerable Upper Intake
Level (UL) for Dietary Fiber or Functional Fiber.
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BACKGROUND INFORMATION
Overview
Definitions of Fiber

A variety of definitions of fiber exist worldwide (IOM, 2001). Some are
based solely on one or more analytical methods for isolating fiber, while
others are physiologically based. For instance, in the United States fiber is
defined by a number of analytical methods that are accepted by the Asso-
ciation of Official Analytical Chemists International (AOAC); these methods
isolate nondigestible animal and plant carbohydrates. In Canada, how-
ever, a formal definition has been in place that recognizes nondigestible
food of plant origin—but not of animal origin—as fiber. As nutrition
labeling becomes uniform throughout the world, it is recognized that a
single definition of fiber may be needed. Furthermore, new products are
being developed or isolated that behave like fiber, yet do not meet the
traditional definitions of fiber, either analytically or physiologically.

Without an accurate definition of fiber, compounds can be designed
or isolated and concentrated using available methods without necessarily
providing beneficial health effects, which most people consider to be an
important attribute of fiber. Other compounds can be developed that are
nondigestible and provide beneficial health effects, yet do not meet the
current U.S. definition based on analytical methods. For these reasons, the
Food and Nutrition Board, under the oversight of the Standing Committee
on the Scientific Evaluation of Dietary Reference Intakes, assembled a
Panel on the Definition of Dietary Fiber to develop a proposed definition
of fiber (IOM, 2001). Based on the panel’s deliberations, consideration of
public comments, and subsequent modifications, the following definitions
have been developed:

Dietary Fiber consists of nondigestible carbohydrates and lignin that are
intrinsic and intact in plants.

Functional Fiber consists of isolated, nondigestible carbohydrates that
have beneficial physiological effects in humans.

Total Fiber is the sum of Dietary Fiber and Functional Fiber.

This two-pronged approach to define edible, nondigestible carbohydrates
recognizes the diversity of carbohydrates in the human food supply that
are not digested: plant cell wall and storage carbohydrates that predomi-
nate in foods, carbohydrates contributed by animal foods, and isolated
and low molecular weight carbohydrates that occur naturally or have been
synthesized or otherwise manufactured. These definitions recognize a con-
tinuum of carbohydrates and allow for flexibility to incorporate new fiber
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sources developed in the future (after demonstration of beneficial physi-
ological effects in humans). While it is not anticipated that the new defini-
tions will significantly impact recommended levels of intake, information
on both Dietary Fiber and Functional Fiber will more clearly delineate the
source of fiber and the potential health benefits. Although sugars and
sugar alcohols could potentially be categorized as Functional Fibers, for la-
beling purposes they are not considered to be Functional Fibers because
they fall under “sugars” and “sugar alcohols” on the food label.

Distinguishing Features of Dietary Fiber Compared with
Functional Fiber

Dietary Fiber consists of nondigestible food plant carbohydrates and
lignin in which the plant matrix is largely intact. Specific examples are
provided in Table 7-1. Nondigestible means that the material is not
digested and absorbed in the human small intestine. Nondigestible plant
carbohydrates in foods are usually a mixture of polysaccharides that are
integral components of the plant cell wall or intercellular structure. This
definition recognizes that the three-dimensional plant matrix is respon-
sible for some of the physicochemical properties attributed to Dietary Fiber.
Fractions of plant foods are considered Dietary Fiber if the plant cells and
their three-dimensional interrelationships remain largely intact. Thus,
mechanical treatment would still result in intact fiber. Another distinguish-
ing feature of Dietary Fiber sources is that they contain other macronutrients
(e.g., digestible carbohydrate and protein) normally found in foods. For
example, cereal brans, which are obtained by grinding, are anatomical
layers of the grain consisting of intact cells and substantial amounts of
starch and protein; they would be categorized as Dietary Fiber sources.

TABLE 7-1 Characteristics of Dietary Fiber

Characteristic Dietary Fiber
Nondigestible animal carbohydrate No
Carbohydrates not recovered by alcohol precipitation? Yes
Nondigestible mono- and disaccharides and polyols No

Lignin Yes
Resistant starch Some
Intact, naturally occurring food source only Yes
Resistant to human enzymes Yes
Specifies physiological effect No

@ Includes inulin, oligosaccharides (3-10 degrees of polymerization), fructans, poly-
dextrose, methylcellulose, resistant maltodextrins, and other related compounds.
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Resistant starch that is naturally occurring and inherent in a food or
created during normal processing of a food, as is the case for flaked corn
cereal, would be categorized as Dietary Fiber. Examples of oligosaccharides
that fall under the category of Dietary Fiber are those that are normally
constituents of a Dietary Fiber source, such as raffinose, stachyose, and
verbacose in legumes, and the low molecular weight fructans in foods,
such as Jerusalem artichoke and onions.

Functional Fiber consists of isolated or extracted nondigestible carbo-
hydrates that have beneficial physiological effects in humans. Functional Fibers
may be isolated or extracted using chemical, enzymatic, or aqueous steps.
Synthetically manufactured or naturally occurring isolated oligosaccharides
and manufactured resistant starch are included in this definition. Also
included are those naturally occurring polysaccharides or oligosaccharides
usually extracted from their plant source that have been modified (e.g., to
a shorter polymer length or to a different molecular arrangement).
Although they have been inadequately studied, animal-derived carbohy-
drates such as connective tissue are generally regarded as nondigestible.
The fact that animal-derived carbohydrates are not of plant origin forms
the basis for including animal-derived, nondigestible carbohydrates in the
Functional Fiber category. Isolated, manufactured, or synthetic oligosaccharides
of three or more degrees of polymerization are considered to be Functional
Fiber. Nondigestible monosaccharides, disaccharides, and sugar alcohols
are not considered to be Functional Fibers because they fall under “sugars” or
“sugar alcohols” on the food label. Also, rapidly changing lumenal fluid bal-
ance resulting from large amounts of nondigestible mono- and disaccharides
or low molecular weight oligosaccharides, such as that which occurs when
sugar alcohols are consumed, is not considered a mechanism of laxation
for Functional Fibers.

Rationale for Definitions

Nondigestible carbohydrates are frequently isolated to concentrate a
desirable attribute of the mixture from which it was extracted. Distinguish-
ing a category of Functional Fiber allows for the desirable characteristics of
such components to be highlighted. In the relatively near future, plant
and animal synthetic enzymes may be produced as recombinant proteins,
which in turn may be used in the manufacture of fiber-like materials. The
definition will allow for the inclusion of these materials and will provide a
viable avenue to synthesize specific oligosaccharides and polysaccharides
that are part of plant and animal tissues.

In summary, one definition has been proposed for Dietary Fiber because
many other substances in high fiber foods, including a variety of vitamins
and minerals, often have made it difficult to demonstrate a significant
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health benefit specifically attributable to the fiber in foods. Thus, it is
difficult to separate out the effect of fiber per se from the high fiber food.
Attempts have been made to do this, particularly in epidemiological studies,
by controlling for other substances in those foods, but these attempts were
not always successful. The advantage, then, of adding isolated non-
digestible carbohydrates as a fiber source to a food is that one may be able
to draw conclusions about Functional Fiber itself with regard to its physi-
ological role rather than that of the vehicle in which it is found. The
proposed definitions do not preclude research directed towards the health
benefits of Dietary Fiber in foods, but it is not necessary to demonstrate a
physiological effect in order for a food fiber to be listed as Dietary Fiber.
An important aspect of the recommended definitions is that a sub-
stance is required to demonstrate a beneficial physiological effect to be
classified as Functional Fiber. Research has shown that extraction or isola-
tion of a polysaccharide, usually through chemical, enzymatic, or aqueous
means, can either enhance its health benefit (usually because it is a more
concentrated source) or diminish the beneficial effect. These recommen-
dations should be helpful in evaluating diet and disease relationship studies
as it will be possible to classify fiber-like components as Functional Fibers
due to their documented health benefits. Although databases are not cur-
rently constructed to delineate potential beneficial effects of specific fibers,
there is no reason that this could not be accomplished in the future.

Examples of Dietary and Functional Fibers

As described in the report, Dietary Reference Intakes: Proposed Definition of
Dietary Fiber (I0M, 2001), Dietary Fiber includes plant nonstarch poly-
saccharides (e.g., cellulose, pectin, gums, hemicellulose, B-glucans, and
fibers contained in oat and wheat bran), plant carbohydrates that are not
recovered by alcohol precipitation (e.g., inulin, oligosaccharides, and
fructans), lignin, and some resistant starch. Potential Functional Fibers for
food labeling include isolated, nondigestible plant (e.g., resistant starch,
pectin, and gums), animal (e.g., chitin and chitosan), or commercially
produced (e.g., resistant starch, polydextrose, inulin, and indigestible
dextrins) carbohydrates.

How the Definitions Affect the Interpretation of This Report

The reason that a definition of fiber is so important is that what is or is
not considered to be dietary fiber in, for example, a major epidemiological
study on fiber and heart disease or fiber and colon cancer, could deter-
mine the results and interpretation of that study. In turn, that would affect
recommendations regarding fiber intake. Clearly, the definitions described
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above were developed after the studies cited in this report, which form the
basis for fiber intake recommendations. However, that should not detract
from the relevance of the recommendations, as the database used to mea-
sure fiber for these studies will be noted.

For example, most epidemiological studies use the U.S. Department
of Agriculture (USDA) database for fiber, along with other databases and
data added by the investigators for missing values (Hallfrisch et al., 1988;
Heilbrun et al., 1989; Miller et al., 1983; Platz et al., 1997). Such a database
represents Dietary Fiber, since Functional Fibers that serve as food ingredients
contribute a minor amount to the Total Fiber content of foods. In 1987, the
U.S. Food and Drug Administration (FDA) adopted AOAC method 985.29
for regulatory purposes to identify fiber as a mixture of nonstarch poly-
saccharides, lignin, and some resistant starch (FDA, 1987). Related
methods that isolated the same components as AOAC method 985.29 were
developed independently and accepted by AOAC and FDA in subsequent
years. These methods exclude all oligosaccharides (3 to 9 degrees of poly-
merization) from the definition and include all polysaccharides, lignin,
and some of the resistant starch that is resistant to the enzymes (protease,
amylase, and amyloglucosidase) used in the AOAC methods. It is these
methods that are used to measure the fiber content of foods that is entered
into the USDA database.

Other epidemiological studies have assessed intake of specific high
fiber foods, such as legumes, breakfast cereals, fruits, and vegetables (Hill,
1997; Thun et al., 1992). Intervention studies often use specific fiber
supplements such as pectin, psyllium, and guar gum, which would, by the
above definition, be considered Functional Fibers if their role in human
health is documented. For the above reasons, the type of fiber (Dietary,
Functional, or Total Fiber) used in the studies discussed later in this chapter
is identified.

Description of the Common Dietary and Functional Fibers

Below is a description of the Dietary Fibers that are most abundant in
foods and the Functional Fibers that are commonly added to foods or pro-
vided as supplements. To be classified as a Functional Fiber for food labeling
purposes, a certain level of information on the beneficial physiological
effects in humans will be needed. For some of the known beneficial effects
of Dietary and potential Functional Fibers, see “Physiological Effects of Iso-
lated and Synthetic Fibers” and “Evidence Considered for Estimating the
Requirement for Dietary Fiber and Functional Fiber.”

Cellulose. Cellulose, a polysaccharide consisting of linear B-(1,4)—linked
glucopyranoside units, is the main structural component of plant cell walls.
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Humans lack digestive enzymes to cleave -(1,4) linkages and thus cannot
absorb glucose from cellulose. Powdered cellulose is a purified, mechani-
cally disintegrated cellulose obtained as a pulp from wood or cotton and is
added to food as an anticaking, thickening, and texturizing agent. Dietary
cellulose can be classified as Dietary Fiber or Functional Fiber, depending on
whether it is naturally occurring in food (Dietary Fiber) or added to foods
(Functional Fiber).

Chitin and Chitosan. Chitin is an amino-polysaccharide containing
B-(1,4) linkages as is present in cellulose. Chitosan is the deacetylated
product of chitin. Both chitin and chitosan are found in the exoskeletons
of arthropods (e.g., crabs and lobsters) and in the cell walls of most fungi.
Neither chitin nor chitosan is digested by mammalian digestive enzymes.
Chitin and chitosan are primarily consumed as a supplement and poten-
tially can be classified as Functional Fibers if sufficient data on physiological
benefits in humans are documented.

B-Glucans. B-glucans are homopolysaccharides of branched glucose
resides. These B-linked D-glucopyranose polymers are constituents of fungi,
algae, and higher plants (e.g., barley and oats). Naturally occurring -glucans
can be classified as Dietary Fibers, whereas added or isolated B-glucans are
potential Functional Fibers.

Gums. Gums consist of a diverse group of polysaccharides usually iso-
lated from seeds and have a viscous feature. Guar gum is produced by the
milling of the endosperm of the guar seed. The major polysaccharide in
guar gum is galactomannan. Galactomannans are highly viscous and are
therefore used as food ingredients for their thickening, gelling, and stabi-
lizing properties. Gums in the diet can be classified as Dietary or Functional
Fibers.

Hemicelluloses. Hemicelluloses are a group of polysaccharides found
in plant cell walls that surround cellulose. These polymers can be linear or
branched and consist of glucose, arabinose, mannose, xylose, and galact-
uronic acid. Dietary hemicelluoses are classified as Dietary Fibers.

Inulin, Oligofructose, and Fructooligosaccharides. Inulin and oligofructose
are naturally occurring in a variety of plants. Most of the commercially
available inulin and oligofructose is either synthesized from sucrose or
extracted and purified from chicory roots. Oligofructose is also formed by
partial hydrolysis of inulin. Inulin is a polydisperse -(2,1)-linked fructan
with a glucose molecule at the end of each fructose chain. The chain
length is usually 2 to 60 units, with an average degree of polymerization of
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ten. The B-(2,1) linkage is resistant to enzymatic digestion. Synthetic
oligofructose contains B-(2,1) fructose chains with and without terminal
glucose units. The chain ranges from two to eight monosaccharide residues.
Synthetic fructooligosaccharides have the same chemical and structural
composition as oligofructose, except that the degree of polymerization
ranges from two to four. Because many current definitions of dietary fiber
are based on methods involving ethanol precipitation, oligosaccharides
and fructans that are endogenous in foods, but soluble in ethanol, are not
analyzed as dietary fiber. Thus, the USDA database does not currently
include these fiber sources. With respect to the definitions outlined in this
chapter, the naturally occurring fructans that are found in plants, such as
chicory, onions, and Jerusalem artichoke, would be classified as Dietary
Fibers; the synthesized or extracted fructans could be classified as Func-
tional Fibers when there are sufficient data to show positive physiological
effects in humans.

Lignin. Lignin is a highly branched polymer comprised of phenyl-
propanoid units and is found within “woody” plant cell walls, covalently
bound to fibrous polysaccharides (Dietary Fibers). Although not a carbo-
hydrate, because of its association with Dietary Fiber, and because it affects
the physiological effects of Dietary Fiber, lignin is classified as a Dietary Fiber
if it is relatively intact in the plant. Lignin isolated and added to foods
could be classified as Functional Fiber given sufficient data on positive physi-
ological effects in humans.

Pectins. Pectins, which are found in the cell wall and intracellular
tissues of many fruits and berries, consist of galacturonic acid units with
rhamnose interspersed in a linear chain. Pectins frequently have side
chains of neutral sugars, and the galactose units may be esterified with a
methyl group, a feature that allows for its viscosity. While fruits and veg-
etables contain 5 to 10 percent naturally occurring pectin, pectins are
industrially extracted from citrus peels and apple pomace. Isolated, high
methoxylated pectins are mainly added to jams due to their gelling prop-
erties with high amounts of sugar. Low methoxylated pectins are added to
low-calorie gelled products, such as sugar-free jams and yogurts. Thus,
pectins in the diet are classified as Dietary and/or Functional Fiber.

Polydextrose. Polydextrose is a polysaccharide that is synthesized by
random polymerization of glucose and sorbitol. Polydextrose serves as a
bulking agent in foods and sometimes as a sugar substitute. Polydextrose is
not digested or absorbed in the small intestine and is partially fermented
in the large intestine, with the remaining excreted in the feces. Polydextrose
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can potentially be classified as a Functional Fiber when sufficient data on
physiological benefits in humans are documented.

Psyllium. Psyllium refers to the husk of psyllium seeds and is a very
viscous mucilage in aqueous solution. The psyllium seed, also known as
plantago or flea seed, is small, dark, reddish-brown, odorless, and nearly
tasteless. P. ovata, known as blond or Indian plantago seed, is the species
from which husk is usually derived. P. ramosa is known as Spanish or French
psyllium seed. Psyllium, also known as ispaghula husk, may be classified as
a Functional Fiber.

Resistant Dextrins. Indigestible components of starch hydrolysates, as a
result of heat and enzymatic treatment, yield indigestible dextrins that are
also called resistant maltodextrins. Unlike gums, which have a high viscosity
that can lead to problems in food processing and unpleasant organoleptic
properties, resistant maltodextrins are easily added to foods and have a
good mouth feel. Resistant maltodextrins are produced by heat/acid treat-
ment of cornstarch, followed by enzymatic (amylase) treatment. The average
molecular weight of resistant maltodextrins is 2,000 daltons and consists of
polymers of glucose containing o-(1-4) and o-(1-6) glucosidic bonds, as
well as 1-2 and 1-3 linkages. Resistant dextrins can potentially be classified
as Functional Fibers when sufficient data on physiological benefits in humans
are documented.

Resistant Starch. Resistant starch is naturally occurring, but can also be
produced by the modification of starch during the processing of foods.
Starch that is included in a plant cell wall and thus physically inaccessible
to o-amylase is called RS,. Native starch that can be made accessible to the
enzyme by gelatinization is called RS,. Resistant starch that is formed
during processing is called RSy or RS, and is considered to be fiber that is
isolated rather than intact and naturally occurring. RS, (retrograded
starch) is formed from the cooking and cooling or extrusion of starchy
foods (e.g., potato chips and cereals). RS, (chemically modified starch)
includes starch esters, starch ethers, and cross-bonded starches that have
been produced by the chemical modification of starch. RSy and RS, are
not digested by mammalian intestinal enzymes and are partly fermented
in the colon (Cummings et al., 1996; Englyst et al., 1992). Resistant starch
is estimated to be approximately 10 percent (2 to 20 percent) of the
amount of starch consumed in the Western diet (Stephen et al., 1983).
Thus, RS, and RS, are classified as Dietary Fibers, and RSy and RS, may be
classified as Functional Fibers.
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Physiology of Absorption, Metabolism, and Excretion

By definition, Dietary Fiber and Functional Fiber are not digested by mam-
malian enzymes. Therefore, they pass into the large intestine relatively
intact. Along the gastrointestinal tract, properties of fiber result in differ-
ent physiological effects.

Effect on Gastric Emptying and Satiety

Consumption of viscous fibers delays gastric emptying (Low, 1990;
Roberfroid, 1993) and expands the effective unstirred layer, thus slowing
the process of absorption once in the small intestine (Blackburn et al.,
1984). This in turn can cause an extended feeling of fullness (Bergmann
etal.,, 1992). A slower emptying rate means delayed digestion and absorp-
tion of nutrients (Jenkins et al., 1978; Ritz et al., 1991; Roberfroid, 1993;
Truswell, 1992), resulting in decreased absorption of energy (Heaton,
1973). For example, Stevens and coworkers (1987) showed an 11 percent
reduction in energy intake with psyllium gum intake. Postprandial glucose
concentration in the blood is thus lower after the consumption of viscous
fiber than after consumption of digestible carbohydrate alone (Benini et
al., 1995; Holt et al., 1992; Leathwood and Pollet, 1988). The extended
presence of nutrients in the upper small intestine may promote satiety
(Sepple and Read, 1989).

Fermentation

Fibers may be fermented by the colonic microflora to carbon dioxide,
methane, hydrogen, and short-chain fatty acids (primarily acetate, propi-
onate, and butyrate). Foods rich in hemicelluloses and pectins, such as
fruits and vegetables, contain Dietary Fiber that is more completely ferment-
able than foods rich in celluloses, such as cereals (Cummings, 1984;
Cummings and Englyst, 1987; McBurney and Thompson, 1990). There
appears to be no relationship between the level of Dietary Fiber intake and
fermentability up to very high levels (Livesey, 1990). Resistant starch is
highly fermentable (van Munster et al., 1994). Butyrate, a four-carbon,
short-chain fatty acid, is the preferred energy source for colon cells
(Roediger, 1982), and lack of butyrate production, absorption, or metabo-
lism is thought by some to contribute to ulcerative colitis (Roediger, 1980;
Roediger et al., 1993). Others have suggested that butyrate may be protec-
tive against colon cancer (see “Dietary Fiber and the Prevention of Colon
Cancer”). However, the relationship between butyrate and colon cancer is
controversial and the subject of ongoing investigation (Lupton, 1995).
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Contribution of Fiber to Energy

When a metabolizable carbohydrate is absorbed in the small intestine,
its energy value is 16.7 kJ/g (4 kcal/g); when fiber is anaerobically fer-
mented by colonic microflora in the large intestine, short-chain fatty acids
(e.g., butyrate, acetate, and propionate) are produced and absorbed as an
energy source. Once absorbed into the colon cells, butyrate can be used as
an energy source by colonocytes (Roediger, 1982); acetate and propionate
travel through the portal vein to the liver, where propionate is then utilized
by the liver. Acetate can be metabolized peripherally. A small proportion
of energy from fermented fiber is used for bacterial growth and mainte-
nance, and bacteria are excreted in feces, which also contain short-chain
fatty acids (Cummings and Branch, 1986). Differences in food composi-
tion, patterns of food consumption, the administered dose of fiber, the
metabolic status of the individual (e.g., obese, lean, malnourished), and
the digestive capability of the individual influence the digestible energy
consumed and the metabolizable energy available from various dietary
fibers. Because the process of fermentation is anaerobic, less energy is
recovered from fiber than the 4 kcal/g that is recovered from carbohy-
drate. While it is still unclear as to the energy yield of fibers in humans,
current data indicate that the yield is in the range of 1.5 to 2.5 kcal/g
(Livesey, 1990; Smith et al., 1998).

Phystological Effects of Isolated and Synthetic Fibers

This section summarizes the fibers for which there is a sufficient data-
base that documents their beneficial physiological human effects, which is
the rationale for categorizing them as Functional Fibers. It is important to
note that discussions on the potential benefits of what might eventually be
classified as Functional Fibers should not be construed as endorsements of
those fibers. While plant-based foods are a good source of Dietary Fiber,
isolated or synthetic fibers have been developed for their use as food
ingredients and because of their beneficial role in human health. In 1988
Health Canada published guidelines for what they considered to be “novel
fiber sources” and food products containing them that could be labeled as
a source of fiber in addition to those included in their 1985 definition
(Health Canada, 1988). The rationale for these guidelines was that there
were safety issues unique to novel sources of fiber, and if a product was
represented as containing fiber, it should have the beneficial physiological
effects associated with dietary fiber that the public expects. The guidelines
indicated that both safety and efficacy of the fiber source had to be estab-
lished in order for the product to be identified as a source of dietary fiber
in Canada, and this had to be done through experiments using humans.



350 DIETARY REFERENCE INTAKES

Three measures of efficacy were identified: (1) laxation, (2) normalization
of blood lipid concentrations, and (3) attenuation of blood glucose
responses. Detailed guidelines were later produced for the clinical studies
required to assess laxation effects, as this was the physiological function
most often used by industry when seeking approval for a novel fiber source
(Health Canada, 1997). For each of the fiber sources discussed below,
studies will be summarized that relate to one of the three measures of
efficacy identified by Health Canada, as these are the three most commonly
accepted beneficial effects of fibers. A more complete discussion of these
three measures of efficacy may be found later in this chapter. In addition,
other potentially efficacious effects will be noted where studies are available.

As interest has increased in fiber, manufacturers have isolated various
types of fiber from a wide range of carbohydrate sources added to foods.
Many of these isolated materials are used as food additives based on func-
tional properties such as thickening or fat reduction. As enzymatic and
other technologies evolve, many types of polysaccharides will continue to
be designed and manufactured using plant and animal synthetic enzymes.
Examples in this category include modified cellulose, in which the hydroxyl
groups on the glucose residues have been substituted to varying degrees
with alkyl groups such as methyl and propyl; fructooligosaccharides manu-
factured from sucrose; and polydextrose synthesized from glucose. In some
instances, fibers isolated from plants or manufactured chemically or
synthetically have demonstrated more powerful beneficial physiological
effects than a food source of the fiber polysaccharide.

Cellulose

Laxation. From a meta-analysis of about 100 studies of changes in stool
weight with various fiber sources, investigators have calculated the increase
in fecal weight due to fiber ingestion (Cummings, 1993). As noted later in
this chapter, an increase in fecal weight does not necessarily equate with
enhanced laxation, so this needs to be considered in interpreting the
results of fecal bulking studies. Cellulose was shown to increase fecal bulk
by 3 g/g of cellulose fed. This is lower than that achieved by bran (5.7 g/g
of bran), but higher than that of isolated, fermentable fibers such as pectin
(1.3 g/g of pectin) (Cummings, 1993). In a randomized, crossover study
designed to compare the effects of supplemental pectin (12 g/d), cellulose
(15g/d), and lignin (12 g/d) on stool characteristics of healthy volunteers,
cellulose was the only fiber that significantly decreased (27 percent) mean
stool transit time and increased mean wet stool weight (+57 percent)
(Hillman et al., 1983).
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Normalization of Blood Lipid Concentrations. Cellulose is often used as
the placebo in studies designed to test the efficacy of fibers on decreasing
serum cholesterol concentrations. Cellulose is either neutral with respect
to blood cholesterol concentrations (Hillman et al., 1985; Niemi et al.,
1988) or, in some studies, it actually shows a slight increase (Anderson et
al., 1999).

Attenuation of Blood Glucose Responses. Similar to the relationship
between cellulose and serum cholesterol concentrations, cellulose is also
often used as a placebo in studies that evaluate the effect of fiber on blood
glucose and insulin concentrations. Cellulose is ineffective in decreasing
the postprandial glucose response (Librenti et al., 1992; Niemi et al., 1988).

Chitin and Chitosan

Laxation. There is no evidence that chitin or chitosan function as laxa-
tives in humans.

Normalization of Blood Lipid Concentrations. There are a number of
animal studies that have suggested that chitin and chitosan may decrease
lipid absorption and thus the amount of fat entering the blood (Gallaher
et al.,, 2000; Razdan and Pettersson, 1994; Sugano et al., 1980; Zacour et
al., 1992). Therefore, blood cholesterol and triacylglycerol concentrations
have been shown to be reduced with chitosan intake in animals (Chiang et
al., 2000; Jennings et al., 1988; Razdan and Pettersson, 1994, 1996; Razdan
et al., 1997).

These results, however, have not always been observed in controlled
intervention trials with humans. When adult volunteers were given 2.7 g of
chitosan for 7 days, there was no effect on fecal fat excretion (Guerciolini
et al., 2001). When 2.4 g of chitosan was consumed daily by women, a
significant reduction in low density lipoprotein (LDL) cholesterol concen-
tration was observed (Wuolijoki et al., 1999). More intervention studies
are needed to further understand the role of chitin and chitosan in the
attenuation of blood lipid concentration in humans.

Attenuation of Blood Glucose Responses. There are no known reports in
humans on chitin or chitosan intake and the attenuation of blood glucose
responses.

Other Potential Physiological Effects. Because chitosan has been shown
in some animal studies to reduce fat absorption, it has been proposed that
chitosan intake can aid in weight reduction. When rats were fed up to
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5 percent of their diet as chitosan, there was no effect on weight gain
(Jennings et al., 1988; Sugano et al., 1980). Significantly reduced body
weights were observed when chickens were fed 30 g/kg of chitosan (Razdan
et al., 1997). There was no change in body weight in women consuming
2.4 g/d of chitosan for 8 weeks (Wuolijoki et al., 1999). Furthermore, no
change in body weight was observed in women who consumed 2 g/d of
chitosan for 28 days (Pittler et al., 1999). Similarly, in a study of 88 obese
Asians, Ho and colleagues (2001) found no effect of chitosan supplemen-
tation (3 g/d) on weight, body mass index, or lean body mass compared to
placebo.

Guar Gum

Laxation. As a viscous, highly fermentable fiber, guar gum has little
effect on fecal bulk or laxation (Slavin, 1987).

Normalization of Blood Lipid Concentrations. Jenkins and coworkers
(1975) reported the hypocholesterolemic effect of guar gum, which is
often added to foods. Since 1975 there have been a number of studies with
guar gum supplementation and findings of an 11 to 16 percent reduction
in serum cholesterol concentration (Anderson and Tietyen-Clark, 1986;
Penagini et al., 1986). For example, when type 2 diabetics were provided
guar gum (21 g/d) for 3 months, the mean serum total and LDL cholesterol
concentrations were significantly lower than controls (Aro et al., 1981).
Furthermore, hypercholesterolemic men who received 15 g/d of guar gum
had significantly lower serum total cholesterol and LDL cholesterol con-
centrations compared to the placebo controls after 6 weeks (Aro et al.,
1984). Blake and coworkers (1997) evaluated the effect of depolymerized
guar galactomannan on fasting plasma lipid concentrations in volunteers
with moderately raised plasma cholesterol. There were significant reductions
in plasma total cholesterol (9.7 percent) and LDL cholesterol (11 per-
cent) concentrations after the guar treatment (p < 0.001). In addition to
decreasing blood cholesterol concentrations, guar gum has also been
shown to decrease concentrations of triacylglycerols (Bosello et al., 1984),
as well as systolic and diastolic blood pressure (Krotkiewski, 1987).

Attenuation of Blood Glucose Responses. Viscous fibers, such as pectin
and guar gum and those present in oat products and beans, produced
significant reductions in glycemic response in 33 of 50 studies (66 per-
cent) as reviewed in Wolever and Jenkins (1993). This is in contrast to only
3 of 14 studies conducted with insoluble fiber (21 percent). For example,
when individuals with type 2 diabetes were given 21 g/d of guar gum,
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there was a significant reduction in both basal and postprandial hyper-
glycemia compared to the placebo controls (Aro et al., 1981). In addition,
the provision of 30 g/d of guar gum decreased fasting blood glucose con-
centration and increased insulin sensitivity (Landin et al., 1992).

In a dose-response study to determine the amount of guar gum
needed to decrease postprandial glycemia and insulinemia, guar gum was
supplied at 0, 2.9, 6.0, and 9.1 g/d in the form of biscuits to eight
nondiabetics (Ellis et al., 1988). A reduction of 209 mU/min/L in the
integrated insulin curve was estimated for every 1 g of guar gum incorpo-
rated into the biscuit. The addition of 10 g/d of guar gum to a test meal
generated an overall decrease in blood glucose concentrations in both
normal (n=5) and diabetic (n = 6) individuals (Goulder et al., 1978).

Guar gum has also been shown to be effective when sprinkled on
food. In a study with 18 type 2-diabetic patients, 5 g of guar gum granules
or b g of wheat bran were sprinkled over food at each main meal for
4 weeks (Fuessl et al., 1987). There was a 50 percent reduction in the
incremental area under the postprandial glycemic curve with the guar
gum. Mean fasting plasma glucose and glycosylated hemoglobin concen-
trations were lower after treatment with guar gum compared with the
wheat bran control.

Not all studies, however, have found a glycemic benefit from guar
administration. In one study with type 2 diabetics with near-normal fasting
plasma glucose concentrations, 15 g/d of guar gum did not reduce the
excessive postprandial glycemic response (Holman et al., 1987). Although
the mechanism for improved glycemic response seen with guar gum in
most studies is not entirely clear, guar gum has been shown to increase
C-peptide response over time, thus suggesting enhanced insulin secretion
by guar gum (Groop et al., 1993). When the standard glucose test was
performed after ingestion of 15 g/d of guar gum, improved glucose toler-
ance was observed in all but one pregnant women. In addition, guar gum
generated significant reductions in mean serum glucose concentrations at

1, 2, and 3 hours after feeding (Gabbe et al., 1982).

Inulin, Oligofructose, and Fructooligosaccharides

Laxation. A few studies have demonstrated an increase in fecal bulk
and increased stool frequency upon the ingestion of inulin or oligofructose.
Fecal weight was increased after consuming 15 g/d of inulin or oligo-
fructose (Gibson et al., 1995), and inulin (20 to 40 g/d) was shown to
reduce constipation (Kleessen et al., 1997). A multicenter trial was
conducted to test whether fructooligosaccharides worsen gastrointestinal
symptoms in people with irritable bowel syndrome (Olesen and Gudmand-
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Hgyer, 2000). After 2 to 6 weeks of treatment with 20 g/d of fructo-
oligosaccharides or placebo, symptoms of irritable bowel syndrome
improved more in the placebo group than in the fructooligosaccharide
group; however, there was no difference between the groups after con-
tinuous treatment for 12 weeks.

Normalization of Blood Lipid Concentrations. Studies on the effect of
inulin or oligofructose ingestion on plasma lipid concentrations have
provided mixed results. Significant reductions in plasma triacylglycerol
concentrations occurred with the intake of 10 g/d of inulin, particularly in
those individuals with a baseline triacylglycerol concentration greater than
1.5 mmol/L (Jackson et al., 1999). The ingestion of 9 g/d of inulin signifi-
cantly reduced plasma total cholesterol and triacylglycerol concentrations
in young men (Brighenti et al., 1999). Nonsignificant changes in plasma
total or high density lipoprotein (HDL) cholesterol and triacylglycerol
concentrations were reported for individuals consuming 14 g/d of inulin
(Pedersen et al., 1997) or 20 g/d of fructooligosaccharide (Luo et al.,
1996). In young, healthy males, 15 g/d of nondigestible oligosaccharides
(inulin or fructooligosaccharides) did not decrease blood lipids or affect
glucose absorption compared to controls (van Dokkum et al., 1999).

Attenuation of Blood Glucose Responses. A placebo-controlled parallel
study showed that a daily intake of 10 g of inulin significantly reduced
fasting insulin concentrations (Jackson et al., 1999). Fasting blood glucose
concentrations were significantly reduced by 15 mg/dL in type 2 diabetics
who were fed 8 g/d of fructooligosaccharides (Yamashita et al., 1984).
Daily intake of 20 g of fructooligosaccharides significantly decreased basal
hepatic glucose production (Luo et al., 1996). No difference, however, was
observed in the incremental area under the curve for glucose when indi-
viduals were fed 50 g of a rice-based cereal containing 0 or 9 g of inulin
(Brighenti et al., 1999).

Other Potential Physiological Effects. An important effect of inulin intake
is considered to be the production of Bifidobacteria. Bifidobacteria contain
high amounts of B-fructosidase, which are specific for the B-(1,2) bond
present in inulin and oligofructose. A number of studies in humans have
shown that the ingestion of fructooligosaccharides leads to an increase in
fecal Bifidobacteria (Bouhnik et al., 1996, 1999; Buddington et al., 1996;
Tuohy et al., 2001; Williams et al., 1994). Bifidobacteria have been shown to
promote beneficial health effects in animals (Grizard and Barthomeuf,
1999); however, potential beneficial effects in humans are not well
understood.
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Oat Products and B-Glucans

Laxation. Extracted PB-glucans are highly fermentable and therefore
their contribution to fecal bulk is minimal (McBurney, 1991). This may
contribute, in part, to the lack of an effect in preventing constipation. Oat
bran increases stool weight by supplying rapidly fermented viscous fiber to
the proximal colon for bacterial growth (Chen et al., 1998).

Normalization of Blood Lipid Concentrations. In one study, oat gum
supplementation (9 g/d of B-glucan) did not significantly decrease serum
total cholesterol concentration compared to the placebo, leading the
authors to conclude that the cholesterol-lowering capacity of oat gum in
healthy young men is weak (Beer et al., 1995). In contrast, when hyper-
cholesterolemic individuals were fed oat gum providing 5.8 g/d of f-glucan
or a maltodextrin placebo for 4 weeks, mean total and LDL cholesterol
concentrations decreased throughout the oat gum phase, and both con-
centrations were reduced 9 percent relative to initial values (Braaten et al.,
1994b). In a larger study, adults with multiple risk factors and LDL choles-
terol concentrations above 4.14 mmol/L or between 3.37 and 4.14 mmol/L
were randomized to one of seven groups to receive either oatmeal or oat
bran at various levels or a placebo control (Davidson et al., 1991). There
was a dose-dependent reduction in LDL cholesterol concentrations with
the oat cereals. However, when a modest level of B-glucan (3 g/d) was
provided to 62 healthy adults with mild to moderate hyperlipidemia, there
was no significant reduction in plasma total or LDL cholesterol concentra-
tions (Lovegrove et al., 2000).

Oat bran concentrate has been incorporated into bread products. The
long-term effects of such products were tested in men with type 2 diabetes
(Pick et al., 1996). Total plasma and LDL cholesterol concentrations were
lower in the oat bran concentrate period (9 g/d of viscous fiber) than in
the white bread period.

Attenuation of Blood Glucose Responses. In one study, individuals with
type 2 diabetes were fed meals containing wheat farina, wheat farina with
oat gum, or oat bran (Braaten et al., 1994a). Both the oat bran and wheat
farina with oat gum meals reduced the postprandial rise in plasma glucose
and insulin concentrations compared to the wheat farina meal without the
oat gum. This is an example of the extracted form of oat bran (Functional
Fiber) having a similar effect to the native form (Dietary Fiber). Oat gum has
also been compared to guar gum with respect to glucose and insulin
responses after an oral glucose load in healthy, fasting individuals (Braaten
etal., 1991). In this study, the glucose and insulin responses to the oat and
guar gum meals were nearly identical. In addition, both gum meals
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resulted in increases in plasma glucose and insulin concentrations that
were lower than glucose alone (p < 0.01). Hallfrisch and colleagues (1995)
studied glucose responses in 16 women and 7 men with moderately high
cholesterol concentrations who supplemented their normal diets with oat
extracts in which either 1 or 10 percent viscous B-glucans were added.
Glucose responses were reduced at both the 1 and 10 percent B-glucan
supplementation level.

Pectin

Laxation. In a meta-analysis of approximately 100 studies on stool
weight changes with various fiber sources, investigators were able to calcu-
late the increase in fecal weight due to fiber ingestion (Cummings, 1993).
This meta-analysis concluded that pectin ingestion leads to an increase of
about 1.3 g of stool/g of pectin as compared to 5.4 g/g produced from
wheat bran, suggesting that pectin is not an important fecal bulking agent
(Cummings, 1993). In a randomized crossover study designed to compare
the effects of pectin (12 g/d), cellulose (15 g/d), and lignin (12 g/d) on
stool characteristics in healthy volunteers, pectin did not alter transit time
or increase 24-hour stool wet weight, whereas cellulose decreased mean
stool transit time and increased mean wet stool weight (Hillman et al.,
1983).

Normalization of Blood Lipid Concentrations. Pectin has been tested in a
number of studies for its hypocholesterolemic effect. For example, in
a 16-week, double-blind crossover study, grapefruit pectin supplementa-
tion decreased plasma cholesterol concentration by 7.6 percent and
LDL cholesterol concentration by 10.8 percent in individuals at moderate
to high risk of coronary heart disease (Cerda et al., 1988). When 12 g/d of
pectin was taken with meals for 3 weeks, there was a mean decrease in total
serum cholesterol concentration of 0.48 + 0.18 mmol/L (Durrington et
al., 1976). This decrease was mainly due to a reduction in LDL cholesterol
concentration. When 15 g/d of citrus pectin was provided in metabolically
controlled diets for 3 weeks, plasma cholesterol concentrations were
reduced by 13 percent and fecal fat excretion increased by 44 percent;
however, plasma triacylglycerol concentrations did not change (Kay and
Truswell, 1977). Gold and coworkers (1980) did not observe reductions in
serum cholesterol concentrations following the consumption of 10 g of
pectin with 100 g of glucose. The consumption of 7.2 g/d of psyllium that
had been added to foods did not result in a significant decrease in LDL
cholesterol concentration. However, total cholesterol and triacylglycerol
concentrations were significantly decreased (Jenkins et al., 2002).
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There is some documentation that the hypocholesterolemic effects of
pectin are due to increased excretion of bile acids and cholesterol. Supple-
mentation with 15 g of pectin increased bile acid excretion by 35 percent
and net cholesterol excretion by 14 percent in ileostomy patients, whereas
16 g of wheat bran produced no significant changes (Bosaeus et al., 1986).

Attenuation of Blood Glucose Responses. Viscous fibers such as pectin have
been found to produce a significant reduction in glycemic response in 33
of 50 studies (66 percent) (Wolever and Jenkins, 1993). This is in contrast
to only 3 of 14 studies with insoluble fiber (21 percent).

Polydextrose

Laxation. Polydextrose has been shown to increase fecal mass and
sometimes stool frequency. Tomlin and Read (1988) showed that 30 g/d
of polydextrose increased fecal mass without affecting transit time and
stool frequency. Achour and coworkers (1994) observed no significant
changes in fecal weight or transit time when seven men consumed 30 g/d
of polydextrose. When 4, 8, or 12 g/d of polydextrose was provided, fecal
weight increased and ease and frequency of defecation improved in a
dose-response manner (Jie et al., 2000).

Findings on the effect of polydextrose intake on fecal bacterial pro-
duction are mixed. Achour and colleagues (1994) reported no changes in
bacterial mass in the feces of individuals who consumed 30 g/d of poly-
dextrose. This lack of difference may be explained, in part, by the findings
of Jie and coworkers (2000). Following the ingestion of 4, 8, or 12 g/d of
polydextrose (n = 30 treatment), there was a dose-dependent decrease in
Bacteriodes, whereas the beneficial Lactobacillus and Bifidobacteria species
increased.

Normalization of Blood Lipid Concentrations. Sixty-one healthy volunteers
received 15 g/d of polydextrose for 2 months. Serum concentrations of
total cholesterol, triacylglycerols, and LDL cholesterol did not change dur-
ing this period; however, concentrations of HDL cholesterol decreased
(Saku et al., 1991).

Psyllium

Laxation. Psyllium is the active ingredient in laxatives, and thus from
an over-the-counter drug viewpoint, there is extensive literature on its effi-
cacy in this regard. After 8 weeks of psyllium treatment to patients with
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idiopathic constipation, both stool frequency and stool weight increased
significantly, stool consistency improved, and pain on defecation was
reduced (Ashraf et al., 1995). The authors concluded that the beneficial
effects of psyllium with regard to constipation are largely related to a facili-
tation of the defecatory process (Ashraf et al., 1995). Similarly, psyllium
was tested in a multisite study of 170 individuals with chronic idiopathic
constipation for 2 weeks (McRorie et al., 1998). Psyllium increased stool
water content, stool water weight, total stool output, bowel movement fre-
quency, and a score combining objective measures of constipation. Four
months of psyllium treatment significantly improved bowel function and
fecal output in 12 elderly patients (Burton and Manninen, 1982). In a
multicenter trial with 394 individuals, psyllium improved bowel function
better than other laxatives (mainly lactulose), with superior stool con-
sistency and decreased incidence of adverse events (Dettmar and Sykes,
1998). Prior and Whorwell (1987) tested psyllium (ispaghula husk) in
80 patients with irritable bowel syndrome and found that constipation was
significantly improved and transit time decreased in patients taking psyllium.

Normalization of Blood Lipid Concentrations. A number of studies have
been conducted to ascertain the beneficial effects of psyllium on blood
lipid concentrations. Several of these studies provided 10.2 g/d of psyllium
for up to 26 weeks and all showed marked reductions in serum total and
LDL cholesterol concentrations compared to cellulose (Anderson et al.,
1988, 1999, 2000b; Levin et al., 1990). The dose—response effect of psyllium
at 0, 3.4, 6.8, or 10.2 g/d was tested in a double-blind controlled study
in 286 adults with LDL cholesterol concentrations between 3.36 and
5.68 mmol/L (Davidson et al., 1998). The effects of 10.2 g/d of psyllium
seed husk on serum LDL cholesterol concentrations were modest, with
levels 5.3 percent below that of the control group at week 24 (p < 0.05).

In a 3-week intervention with 21 g/d of psyllium (n = 7), plasma total,
LDL, and HDL cholesterol concentrations were significantly reduced
(Abraham and Mehta, 1988). Psyllium decreased plasma concentrations
of total cholesterol by 5.6 percent and LDL cholesterol by 8.6 percent;
concentrations were unchanged in the cellulose group. Serum cholesterol
concentration was reduced by 20 percent in 12 elderly patients receiving
psyllium supplementation (Burton and Manninen, 1982). In a large,
multicenter trial conducted in the United Kingdom, 7 or 10.5 g/d of
psyllium was provided to 340 patients with mild to moderate hypercholes-
terolemia over 12 weeks (MacMahon and Carless, 1998). After 12 weeks,
LDL cholesterol concentrations decreased by 8.7 percent for the 7-g/d
group and 9.7 percent for the 10.5-g/d group. After a 6-month follow-up
period, psyllium combined with diet modification was shown to reduce
LDL cholesterol concentrations by 10.6 to 13.2 percent and total choles-
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terol concentrations by 7.7 to 8.9 percent (MacMahon and Carless, 1998).
Danielsson and coworkers (1979) treated 13 patients with essential hyper-
lipoproteinemia over 2 to 29 months with psyllium hydrophilic colloid.
Serum cholesterol and triacylglycerol concentrations were reduced an
average of 16.9 and 52.0 percent, respectively. If blood lipid concentra-
tions were normal at baseline, no reductions were observed when indi-
viduals consumed psyllium colloid (Danielsson et al., 1979).

Studies also have been conducted using a ready-to-eat cereal enriched
with psyllium. Hypercholesterolemic individuals consuming 114 g/d of a
psyllium-flake cereal for 6 weeks showed significantly lower serum total
and LDL cholesterol concentrations than those consuming the same
amount of wheat-bran flake cereal (Anderson et al., 1992b). Similarly, Bell
and coworkers (1990) tested the cholesterol-lowering effects of viscous
fiber (psyllium or pectin) cereals as part of a diet in 58 men with mild to
moderate hypercholesterolemia. During the cereal-plus-diet phase of the
study, total and LDL cholesterol concentrations in the psyllium-enriched
cereal group decreased by 5.9 and 5.7 percent, respectively.

A meta-analysis was conducted to determine the effect of consump-
tion of psyllium-enriched cereal products on blood lipid concentrations in
404 adults with mild to moderate hypercholesterolemia consuming a low
fat diet (Olson et al., 1997). Compared to the control cereals, individuals
who consumed psyllium cereals had lower total and LDL cholesterol con-
centrations, whereas HDL cholesterol concentrations were not affected.
Anderson and coworkers (2000a) conducted a meta-analysis of eight con-
trolled trials to define the hypolipidemic effects of psyllium when used in
combination with a low fat diet in hypercholesterolemic men and women.
There were a total of 384 individuals receiving psyllium in the eight studies
covered by the meta-analysis and these individuals were compared to those
consuming cellulose (n =272). Consumption of 10.2 g/d of psyllium
(n=384) lowered serum total cholesterol by 4 percent and serum LDL
cholesterol by 7 percent, relative to the cellulose control (n = 272).

Everson and colleagues (1992) evaluated the mechanisms of the
hypocholesterolemic effect of psyllium by measuring intestinal cholesterol
absorption, cholesterol synthesis in isolated peripheral blood mononuclear
cells, bile acid kinetics, gallbladder motility, and intestinal transit. The
researchers concluded that psyllium decreases LDL cholesterol concentra-
tions mainly by the stimulation of bile acid production.

Attenuation of Blood Glucose Responses. In an 8-week intervention study
in 34 men with type 2 diabetes and hypercholesterolemia consuming either
10.2 g/d of psyllium or cellulose, daily and postlunch postprandial glucose
concentration were 11.0 and 19.2 percent lower, respectively, in the
psyllium group (Anderson et al., 1999). Also, psyllium has been shown to
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reduce the glycemic index of foods when added to a meal (Frati-Munari et
al., 1998). The effect of psyllium or placebo on postprandial serum glucose
and insulin concentrations was tested in 18 type 2 diabetic patients in a
crossover design (Pastors et al., 1991). Compared to placebo, postprandial
glucose elevation was reduced by 14 percent at breakfast and 20 percent at
dinner, and postprandial serum insulin concentration was reduced by
12 percent after breakfast. However, this depression of the normal post-
prandial increase in serum glucose and insulin concentrations seen with
psyllium does not appear to be due to a delay in gastric emptying (Rigaud
etal., 1998).

Resistant Dextrins

Laxation. There are no human studies to support a laxative benefit
from ingestion of indigestible dextrins.

Normalization of Blood Lipid Concentrations. The intake of 60 g/d of
resistant maltodextrin was shown to reduce serum total cholesterol and
triacylglycerol concentrations in type 2 diabetics as compared with type 2
diabetics or healthy adults who consumed 30 g/d of resistant maltodextrin
(Ohkuma and Wakabayashi, 2001). No difference was observed in the con-
centration of HDL cholesterol.

Attenuation of Blood Glucose Responses. Reduced blood glucose concen-
trations and insulin secretion were observed when rats were given resistant
maltodextrins after sucrose or maltose loading (Wakabayashi et al., 1993,
1995). Furthermore, an intake of 5 g of resistant maltodextrin reduced the
postprandial blood glucose concentrations in healthy men and women
(Tokunaga and Matsuoka, 1999). The ingestion of 60 g/d, but not 30 g/d,
of resistant maltodextrin resulted in a significant reduction of fasting blood
glucose concentrations in type 2 diabetics (Ohkuma and Wakabayashi,
2001).

Resistant Starch

Laxation. Increased fecal bulk due to increased starch intake has been
reported (Shetty and Kurpad, 1986). The impact of resistant starch (RSy)
from a corn-based cereal on colonic function was measured in eight male
volunteers (Tomlin and Read, 1990). After consuming 10.33 g/d of RS,
for 1 week, there was no significant difference in fecal output, stool fre-
quency, ease of defecation, whole-gut transit time, or degree of flatulence
compared to an intake of 0.86 g/d of RS, from a rice-based cereal. A
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significant increase in stool weight, however, was observed when men
consumed 32 g/d RS, for 4 weeks (Heijnen et al., 1998). Jenkins and
coworkers (1998) determined the effects of low fiber (control), wheat bran
supplements providing an additional 30 g of fiber (high fiber control), or
the equivalent amount of resistant starch as RS, or RS;. Compared to the
low fiber control, the wheat bran supplement increased fecal bulk by
96 = 14 g/d (p < 0.001) and the mean for both resistant starches was
22 + 8 g/d greater than controls (p = 0.013). This is consistent with the
small increase in fecal bulk seen with resistant starch intake in other studies
(Behall and Howe, 1996; Cummings et al., 1996; Heijnen et al., 1998;
Hylla et al., 1998; Phillips et al., 1995).

Because resistant starch is partly fermented in the colon, intake may
lead to increased production of short-chain fatty acids. When 39 g/d of a
mixture of naturally occurring and processed resistant starch was consumed,
there was a significant increase in fecal butyrate and acetate concentra-
tions, and therefore a significant reduction in fecal pH (Phillips et al.,
1995). However, when glucose or 32 g/d of RSy was consumed for 4 weeks,
there was no difference in fecal pH, fecal short-chain fatty acid concentra-
tions, or fecal secondary bile acid concentrations (Heijnen et al., 1998).

Normalization of Blood Lipid Concentrations. Several animal studies have
demonstrated a lowering of blood cholesterol and triacylglycerol concen-
trations with resistant starch intake (de Deckere et al., 1993; Ranhotra et
al., 1997; Younes et al., 1995). When healthy, normolipidemic individuals
were given glucose or 30 g/d of RS, supplements for 3 weeks, there were
no significant differences in fasting serum total, LDL, and HDL cholesterol
concentrations or triacylglycerol concentrations (Heijnen et al., 1996).
Resistant starch does not appear to provide the cholesterol-lowering effects
of viscous fiber, but rather acts more like nonviscous fiber (Jenkins et al.,
1998). Neither Jenkins and coworkers (1998) nor Heijnen and coworkers
(1996) showed a lowering effect of resistant starch on serum lipids.

Attenuation of Blood Glucose Responses. Adding resistant starch to bread
at various levels (0, 5, 10, and 20 percent) was shown to reduce the glycemic
index in a dose-dependent manner (100, 96, 74, and 53) (Brown et al.,
1995). The consumption of 30 g/d of RSy was shown to significantly reduce
the urinary excretion of G-peptide, indicating reduced insulin secretion
(de Roos et al., 1995).

Clinical Effects of Inadequate Intake

Dietary and Functional Fibers are not essential nutrients, so inadequate
intakes do not result in biochemical or clinical symptoms of a deficiency. A
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lack of these fibers in the diet, however, can result in inadequate fecal bulk
and may detract from optimal health in a variety of different ways depend-
ing on other factors, such as the rest of the diet and the stage of the life
cycle.

EVIDENCE CONSIDERED FOR ESTIMATING THE
REQUIREMENT FOR DIETARY FIBER AND FUNCTIONAL FIBER

There is no biochemical assay that reflects Dietary Fiber or Functional
Fiber nutritional status. Clearly one cannot measure blood fiber concentra-
tion since, by definition, fiber is not absorbed. Instead, the potential health
benefits of fiber consumption, which may be compromised by a lack of
fiber in the diet, have been reviewed. Throughout each section and the
discussion of each indicator, a delineation is made between Dietary Fiber
and Functional Fiber. It should be kept in mind that although high Dietary
Fiber intake is associated with decreased risk or improvements in several
chronic diseases, a report of the National Academy of Sciences states “there
is no conclusive evidence that it is dietary fiber rather than the other
components of vegetables, fruits, and cereal products that reduces the risk
of those diseases” (NRC, 1989). The definition of Dietary Fiberin this report
states that it must be “intrinsic and intact in plants.” Thus, the reported
benefits are due to the fiber source, not necessarily to the fiber per se. In
contrast, Functional Fiber (which consists of isolated, nondigestible carbo-
hydrates that have beneficial physiological effects in humans), by defini-
tion, must show that the beneficial physiological effect in humans is due to
the isolated or synthesized fiber itself.

A number of epidemiological studies have been conducted to evaluate
the relationship between fiber intake and risk of chronic disease. While
Functional Fibers, such as pectins and gums, are added to foods as ingredi-
ents, these levels are minimal and therefore fiber intakes that are estimated
from food composition tables generally represent Dietary Fiber.

Dietary Fiber, Functional Fiber, and the Prevention of
Hyperlipidemia, Hypertension, and Coronary Heart Disease

Epidemiological Studies

There are no epidemiological studies that have evaluated the relation-
ship between Functional Fiber and the risk of coronary heart disease (CHD).
A number of epidemiological studies, however, have found reduced CHD
rates in individuals consuming high amounts of Dietary Fiber and fiber-rich
foods (Bolton-Smith et al., 1992; Fraser et al., 1992; Humble et al., 1993;
Jacobs et al., 1998; Khaw and Barrett-Connor, 1987; Kushi et al., 1985;
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Morris et al., 1977; Pietinen et al., 1996; Rimm et al., 1996; Todd et al.,
1999; Wolk et al., 1999). For example, Fraser and colleagues (1992)
reported that in a cohort of 31,208 California Seventh-day Adventists, there
was a 44 percent reduced risk of nonfatal CHD and an 11 percent reduced
risk of fatal CHD for those who ate whole wheat bread compared with
those who ate white bread. In the Jowa Women’s Health Study, Jacobs and
coworkers (1998) found that the risk of CHD death was reduced by
approximately one-third for women consuming one or more servings of a
whole grain product each day compared with those rarely eating any whole
grain products. Similarly, Morris and coworkers (1977) followed 337 men
in London, England for 10 to 20 years and found that men with a high
intake of cereal fiber had a lower rate of CHD than men with a low cereal
fiber intake.

In the Health Professionals Follow-up Study, the relative risk for fatal
coronary disease and total myocardial infarction were 0.45 and 0.59,
respectively, for men in the highest quintile of Dietary Fiber intake (28.9 g/d)
compared with the lowest quintile (12.4 g/d) (Rimm et al., 1996)
(Table 7-2). Cereal fiber was more strongly associated with the reduced
risk of CHD than were fiber from fruits and vegetables. Wolk and coworkers
(1999) examined the relationship between intake of Dietary Fiber and risk
of CHD in the Nurses’ Health Study and found a significant inverse asso-
ciation, which was confined to Dietary Fiber from cereal sources (Table 7-2).
Compared with the lowest quintile of cereal fiber intake (2.2 g/d), women
in the highest quintile (7.7 g/d) had a 34 percent lower risk of total CHD.
In a large cohort of 21,930 Finnish men, there was a significant inverse
association between Dietary Fiber intake and CHD, with a multivariate rela-
tive risk of 0.84 for men in the highest quintile of intake (34.8 g/d) com-
pared with the lowest quintile of intake (16.1 g/d) (Pietinen et al., 1996)
(Table 7-2).

In summary, the large-scale, adequately powered, prospective studies
all show a substantial protective effect of Dietary Fiber for CHD. Specifically,
these three studies—which used multivariate models to control for energy,
saturated fat, alcohol, body mass index, and various vitamins—showed a
strong relationship between cereal fibers and a weak or no relationship
between vegetable and fruit fibers. In terms of setting intake recommenda-
tions and actual numbers as a primary determinant of fiber requirements,
these studies are most useful as they are adequately powered, divide Dietary
Fiber into quintiles of intake, and provide data on energy intake (Pietinen
etal.,, 1996; Rimm et al., 1996; Wolk et al., 1999). Using these studies, it is
also possible to relate the number of grams of Dietary Fiber per day to the
decrease in CHD incidence.

Although not reporting quintiles of intake, a fourth study by Khaw
and Barrett-Connor (1987) can be considered because it showed that an
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TABLE 7-2 Prospective Cohort Studies on Dietary Fiber Intake
and Risk of Coronary Heart Disease (CHD)

Relative Risk

Reference Study Design Quintile for CHD
Pietinen et al., 21,930 Finnish 1 1.00
1996 men, 50-69 y 2 0.91
6-y follow-up 3 0.88
4 0.86
5 0.84
p for trend =
0.03
Rimm et al., 43,757 U.S. 1 1.00
1996 men, 40-75y 2 0.97
6-y follow-up 3 0.91
4 0.87
5 0.59
p for trend <
0.001
Wolk et al., 68,782 U.S. 1 1.00
1999 women, 37-64 y 2 0.98
10-y follow-up 3 0.92
4 0.87
5 0.77
p for trend =
0.07

a@ Dietary Fiber intake is energy-adjusted to 2,000 kcals.
0 Dietary Fiber intake is energy-adjusted to 1,600 kcals.

increased intake of 6 g/d of Dietary Fiber was associated with a 33 percent
risk reduction for CHD in women and 24 percent in men, and the reduc-
tion in CHD mortality was independent of other dietary variables. The
Health Professionals Follow-up Study reported a 19 percent decrease in
risk for total myocardial infarction per 10-g/d increase of Dietary Fiber and
a 29 percent decrease per 10-g/d increase of cereal fiber (Rimm et al.,
1996). A similar result for women was reported by Wolk and coworkers
(1999) with a 19 percent decrease in risk for total CHD events per 10-g/d
increase of Dietary Fiber, but a stronger relationship was reported for cereal
fiber (37 percent decrease per 5-g/d increase).
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Dietary Fiber Energy Intake Grams of Dietary Fiber/
Intake (g/d) (kcal/d) 1,000 kcal
16.1 2,722 5.9

20.7 2,787 7.4

24.3 2,781 8.7

28.3 2,754 10.3

34.8 2,705 12.9

12.4 2,000 6.2

16.6 2,000 8.3

19.6 2,000 9.8

23.0 2,000 11.5

28.9 2,000 14.45

11.5 1,6000 7.2

14.3 1,600 8.9

16.4 1,600 10.25

18.8 1,600 11.75

22.9 1,600 14.31

Intervention Trials

There have been a large number of intervention trials to ascertain
whether fiber supplementation can alter blood lipid concentrations and
therefore alter the risk of CHD. These trials are briefly summarized below.
All but one are small trials; often these interventions are performed in
people with high initial serum cholesterol concentrations. The strongest
data are for oat products and beans (Dietary Fiber). In addition, viscous
Functional Fibers such as guar, pectin, and psyllium, have been tested in
intervention trials and found to decrease serum total and low density lipo-
protein (LDL) cholesterol concentration in most studies. For example,
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Anderson and coworkers (1984b) compared the effects of oat bran or
bean supplementation on 20 hypercholesterolemic adult males, providing
approximately 47 g/d of plant Dietary Fiber and 17 g/d of viscous Dietary
Fiber. Both the oat bran and bean diets significantly decreased serum total
cholesterol concentrations by 19 percent. In a similar metabolic ward study
of 10 hypercholesterolemic men, oat bran and bean diets decreased both
serum total and LDL cholesterol concentrations by 23 percent after
3 weeks on the test diets (Anderson et al., 1984a). A review of the oat bran
and bean fiber intervention trials where Dietary Fiber supplementation was
combined with a low fat diet shows that reductions in serum total choles-
terol concentrations ranged from 8 to 26 percent (Anderson and
Gustafson, 1988; Anderson et al., 1984a, 1984b; Judd and Truswell, 1981;
Kirby et al., 1981). Smaller portions of oat bran or oat meal (60 g, dry
measure) have been shown to decrease serum total cholesterol concentra-
tions by approximately 8 to 11 percent (Bartram et al., 1992; Van Horn et
al., 1986).

Other viscous fibers, in addition to those from oats and beans, have
also been shown to decrease serum cholesterol concentrations. For
example, Jenkins and coworkers (1975) reported the hypocholesterolemic
effect of guar gum (Functional Fiber), which is often added to foods. Since
that time, there have been a number of studies with guar gum supplemen-
tation that resulted in a reduction in serum cholesterol concentrations of
between 11 and 15 percent (Anderson and Tietyen-Clark, 1986). In a 3-week
intervention that provided 21 g/d of psyllium, total, LDL, and high density
lipoprotein cholesterol concentrations were all significantly reduced
(Abraham and Mehta, 1988). A meta-analysis testing the effects of pectin,
oat bran, guar gum, and psyllium on blood lipid concentrations showed
that 2 to 10 g/d of viscous fiber were associated with small but significant
decreases in total and LDL cholesterol concentrations (Brown et al., 1999).
The different viscous fibers reduced serum total and LDL cholesterol
concentrations by similar amounts. Resistant starch does not appear to
provide the cholesterol-lowering effects of viscous fibers, but rather acts
more like nonviscous fibers (Jenkins et al., 1998). Neither Heijnen and
coworkers (1996) nor Jenkins and coworkers (1998) showed a lipid-lowering
effect of resistant starch on serum lipid concentrations.

It should also be noted that the effect of fiber on decreasing serum
cholesterol concentration is not due to its replacement of fat in the diet.
In a prospective, randomized, controlled trial with a low fat and a low fat
plus high Dietary Fiber groups, the group consuming high Dietary Fiber
exhibited a greater average reduction (13 percent) in serum total
cholesterol concentration than the low fat (9 percent) and the usual diet
(7 percent) groups (Anderson et al., 1992a). Mathur and coworkers (1968)
conducted a study in 20 men supplemented with Bengal gram. Serum
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total cholesterol concentrations averaged 23 percent lower on the high
fat, Bengal gram diet than on the high fat diet alone.

Not all fibers decrease serum cholesterol concentration. For example,
Anderson and coworkers (1991) randomly allocated 20 hypercholesterolemic
men to either a wheat bran or oat bran diet. After 21 days, oat bran signifi-
cantly decreased serum total cholesterol concentration by 12.8 percent;
however, there was no effect with wheat bran. Behall (1990) compared a
low fiber diet with a diet containing an average of 19.5 g/d of added
cellulose (a nonviscous fiber) or the viscous fibers carboxymethylcellulose
gum, karaya gum, or locust bean gum. The diets containing the viscous
fibers led to significantly lower plasma cholesterol concentrations. Although
these relatively small-scale intervention trials using viscous Functional Fibers
have reported substantial cholesterol-lowering effects and therefore should
be protective against CHD, no protective effect against CHD was seen in a
large-scale clinical trial with individuals who had a previous myocardial
infarction (Burr et al., 1989). These individuals were encouraged to
increase grain fiber intake by increasing consumption of whole meal bread,
high fiber breakfast cereals, and wheat bran, which resulted in an increased
grain fiber intake from 9 to 17 g/d in the intervention group. Wheat bran
and other poorly fermented fibers (e.g., cellulose) have also failed to
decrease serum lipids in animal studies. Increasing the intake of Dietary
Fiber by increasing the consumption of fruits and vegetables can attenuate
plasma triacylglycerol concentrations. Obarzanek and coworkers (2001)
showed that increasing Dietary Fiber intake from 11 to 30 g/d as a result of
increased consumption of fruits, vegetables, and whole grains prevented a
rise in plasma triacylglycerol concentrations in those fed a low fat diet,
especially in those individuals with initially high concentrations. Plasma
triacylglycerol concentrations were significantly reduced (Chandalia et al.,
2000) or unchanged (Lichtenstein et al., 2002) by increasing Dietary Fiber
intake when consuming a low fat diet. These studies suggest that Dietary
Fiber prevents the rise in plasma triacylglycerol concentrations that occurs
when consuming a low fat, high carbohydrate diet (see Chapter 11).

Summary of the Intervention Trials

Viscous Functional Fibers and foods sources of viscous Dietary Fiber reduce
both total and LDL cholesterol concentrations, and may also reduce serum
triglycerides. The amount of cholesterol reduction appears to be related
to the amount of fiber consumed, although only a few studies report dose—
response data. A meta-analysis of 20 trials that used high doses of oat bran,
which is rich in viscous Dietary Fiber, showed that the reductions in serum
cholesterol concentrations ranged from 0.1 to 2.5 percent/g of intake
(Ripsin et al., 1992). If one accepts the proposed 2 percent risk reduction
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for CHD for every 1 percent reduction in serum cholesterol (Lipid
Research Clinics Program, 1984), these results suggest substantial benefits
from consumption of high amounts of viscous Dietary and Functional Fibers
and support the epidemiological findings regarding fiber and CHD. It is
of interest to compare the hypothetical risk reduction for CHD per gram
of oat bran consumed (in the clinical intervention trials) to that for total
dietary fiber intake in the epidemiological studies. For example, in the oat
bran meta-analysis, using a 1.2 percent reduction in serum cholesterol per
gram of oat bran (the midpoint of the range of 0.1 to 2.5 percent) and
multiplying by 2 (proposed 2 percent reduction for risk of CHD for every
1 percent reduction in serum cholesterol) would suggest a reduced risk of
CHD of 2.4 percent/g of oat bran consumed. This can then be compared
with the data on total fiber consumption and risk for CHD in the three
primary epidemiological studies shown in Table 7-2.

In the Health Professionals Follow-Up Study (Rimm et al., 1996), there
is a difference of 16.5 g of fiber intake between the highest and lowest
intake groups (28.9-12.4), and a reported relative risk of 0.45 for fatal
coronary disease and 0.59 for total myocardial infarction for men in the
highest compared to the lowest quintile for fiber intake. This equates to a
risk reduction of 3.3 percent/g of fiber for fatal coronary disease and
2.5 percent/g of fiber for total myocardial infarction. In the Nurses’ Health
Study (Wolk et al., 1999) there is a difference of 11.4 g of fiber between
the highest and lowest intake groups (22.9-11.5) and a relative risk of 0.77
for total CHD. This equates to a risk reduction of 2.02 percent/g of fiber.
Finally, in a study of Finnish men (Pietinen et al., 1996), there is a differ-
ence of 18.7 g of fiber between the highest and lowest intake groups (34.8—
16.1) and a relative risk of 0.68 for coronary death. This equates to a risk
reduction of 1.71 percent/g of fiber.

Although the calculations above are hypothetical and are based on a
number of assumptions, (including the linearity of response of fiber con-
sumption to risk reduction), the finding that the degree of risk reductions
per gram of fiber consumed are within a reasonable range of each other
are suggestive that the results of the clinical trials for viscous fibers are
supportive of the epidemiological finding. It is also clear that the effect of
viscous fibers on decreasing blood cholesterol concentrations cannot
explain the multitude of studies cited above that generally show Dietary
Fiber to be protective against CHD, even though a mixed fiber diet is only
approximately one-third viscous fiber. This suggests that mechanisms in
addition to cholesterol-lowering may be involved.
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Mechanisms by Which Dietary Fibers May Protect Against CHD

While not explicit, several hypotheses exist to explain the mechanisms
by which Dietary Fiber may protect against CHD. The lowering of serum
cholesterol concentration by viscous Dietary or Functional Fibers is thought
to involve changes in cholesterol or bile acid absorption, hepatic produc-
tion of lipoproteins, or peripheral clearance of lipoproteins (Chen and
Anderson, 1986). Viscous fibers may interfere with the absorption and
enterohepatic recirculation of bile acids and cholesterol in the intestine,
forcing the liver to synthesize more cholesterol to meet the need for bile
acid synthesis, and thus decreasing circulating cholesterol. This cannot be
the sole explanation, however, since not all viscous fibers increase fecal
bile acid excretion, and the magnitude of the increase, when present, is
often small. In addition to delaying or interfering with the absorption of
cholesterol and bile acids, viscous fibers may delay the absorption of macro-
nutrients, including fat and carbohydrate. Delayed carbohydrate absorp-
tion, in turn, could lead to increased insulin sensitivity (Hallfrisch et al.,
1995) and decreased triacylglycerol concentrations (Rivellese et al., 1980),
also considered risk factors for CHD. Ascherio and coworkers (1992) have
shown a strong inverse association between Dietary Fiber intake and risk of
hypertension in men, with hypertension being an important risk factor for
CHD.

Diets high in Dietary Fiber also may favorably affect plasminogen activator
inhibitor type 1 and factor VII activity (Djoussé et al., 1998; Mennen et al.,
1997; Sundell and Ranby, 1993). In addition, a large number of studies
(described above) show whole-grain cereal products as being protective
against CHD. Whole grain cereals are also sources of phytochemicals, such
as phytate and phytoestrogens, which may independently impact CHD.

Summary

On the basis of the evidence provided on fiber intake and CHD,
certain sources of Dietary Fiber (cereal foods) and certain Functional Fibers
(viscous) are associated with reduced risk of CHD. In prospective popula-
tion studies, there is a strong relationship between Total Fiber intake from
foods and CHD. Therefore, a recommended intake level can be set for
Total Fiber based on prevention of CHD and recognizing that the greatest
benefit comes from the ingestion of cereal fibers and viscous Functional
Fibers, including gums and pectins. Further discussion is provided in the
later section, “Findings by Life Stage and Gender Group.”
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Fiber Intake and Gastrointestinal Health

Fiber Intake and Duodenal Ulcer

In a prospective cohort of 47,806 men with 138 newly diagnosed cases
of duodenal ulcer, Dietary Fibers, and particularly the viscous fibers, were
strongly associated with a decreased risk of duodenal ulcer (relative risk of
0.40 for the highest quintile of viscous fiber intake) (Aldoori et al., 1997).
In this study, fiber from fruit, vegetable, and leguminous sources, but not
cereal fiber, was associated with a reduced risk of duodenal ulcer. Although
the mechanism behind this proposed positive effect of viscous fibers on
duodenal ulcer is not known, one hypothesis is that the delay in gastric
emptying, known to result from the ingestion of viscous fibers, may play
arole.

Dietary Fiber, Functional Fiber, and Colon Health

Constipation, Laxation, and the Contribution of Fiber to Fecal Weight. Con-
sumption of certain Dietary and Functional Fibers is known to improve lax-
ation and ameliorate constipation (Burkitt et al., 1972; Cummings et al.,
1978; Kelsay et al., 1978; Lupton et al., 1993). In most reports there is a
strong positive correlation between intake of Dietary Fiber and daily fecal
weight (Birkett et al., 1997). Also, Dietary Fiber intake is usually negatively
correlated with transit time (Birkett et al., 1997). Although what consti-
tutes “constipation” is variously defined, diets that increase the number of
bowel movements per day, improve the ease with which a stool is passed,
or increase fecal bulk are considered to be of benefit. For example, in a
weight-loss study, obese individuals were put on a very low energy diet with
or without 30 g/d of isolated plant fiber (Astrup et al., 1990). Those
receiving the fiber supplement had a higher number of bowel movements
per day (1.0) compared to those not receiving the fiber supplement (0.7/d).
Not all reports, however, support the concept that fiber serves as a laxative
(Cameron et al., 1996; Kochen et al., 1985). Because water is also impor-
tant for laxation, some have suggested that increasing fiber intake alone is
not sufficient, and that more water should be consumed as well (Anti et
al., 1998). Determining a stool weight that might promote laxation and
ameliorate constipation is very difficult. In one study, although fecal weight
ranged from 41 to 340 g and transit time ranged from 22 to 123 hours, no
subject reported suffering either constipation or diarrhea (Birkett et al.,
1997). At the same time, a number of studies have shown that low fiber
intake is associated with constipation. For example, Morais and coworkers
(1999) reported that children with chronic constipation had lower Dietary
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Fiber intake than the control group. The authors concluded that a low
intake of fiber is a risk factor for chronic constipation in children.

In a meta-analysis of about 100 studies of stool-weight changes with
various fiber sources, investigators were able to calculate the increase in
fecal weight due to Dietary or Functional Fiber ingestion (Cummings, 1993).
Such calculations yielded the following increases in fecal weight: 5.4 g of
stool/g of wheat-bran fiber, 4.9 g/g of fruits and vegetables, 3 g/g of
isolated cellulose, and 1.3 g/g of isolated pectin (Cummings, 1993). The
contribution of resistant starch to fecal bulk has also been assessed. For
example, Jenkins and colleagues (1998) determined the bulking effects of
wheat bran supplements (30 g) or the equivalent amount as resistant starch
(RS, or RS;). Compared to the low fiber control, the wheat bran supple-
ment increased fecal bulk by 96 + 14 g/d (p < 0.001) and the mean for
both resistant starches was 22 + 8 g/d greater (p = 0.013). This is consistent
with the small increase in fecal bulk seen with resistant starch intake in
other studies (Behall and Howe, 1996; Cummings et al., 1996; Heijnen et
al., 1998; Hylla et al., 1998; Phillips et al., 1995). Additional discussion of
the effects of Functional Fibers, such as psyllium, is included in the earlier
section, “Physiological Effects of Isolated and Synthetic Fibers.”

Fiber Fermentation Products as an Energy Source for the Colon. Butyrate is
the primary energy source for the colonocyte (Roediger, 1982). One study
showed high acetate and low butyrate ratios of short-chain fatty acids in
patients with adenomatous polyps and colon cancer (Weaver et al., 1988).
Increased fecal butyrate outputs have been demonstrated using both whole
food and commercial sources of resistant starch in some studies (Jenkins
et al., 1998; Macfarlane and Englyst, 1986; Phillips et al., 1995; Silvester et
al., 1995), but not in others (Heijnen et al., 1998; Hylla et al., 1998). It has
been proposed that colonic diseases, including ulcerative colitis, are dis-
orders of energy utilization (Roediger, 1980), although this remains an
unresolved issue.

Fiber and the Prevention of Diverticular Disease. Diverticular disease is
characterized by saccular herniations of the colonic wall and is highly
prevalent in elderly populations in Western societies (Watters and Smith,
1990). Although usually asymptomatic, when diverticula become inflamed,
the condition is known as diverticulitis. Current estimates for the North
American population indicate that one-third of those older than 45 years
and two-thirds of those older than 85 years have diverticular disease
(Roberts and Veidenheimer, 1990).

Several types of studies have shown a relationship between fiber intake
and diverticular disease. In the prospective Health Professionals Follow-
Up Study, there was a strong negative association between Dietary Fiber
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intake and the incidence of symptomatic diverticular disease (Aldoori et
al.,, 1994, 1995), which persisted after adjustment for several other risk
factors. The data showed that the inverse relationship was particularly
strong for the nonviscous Dietary Fiber, particularly cellulose (Aldoori et al.,
1998). Case-control studies have consistently found that patients with
diverticula consumed less Dietary Fiber than did nonpatients. For example,
Gear and coworkers (1979) reported on the prevalence of symptomless
diverticular disease in vegetarians and nonvegetarians in England. Twelve
percent of the vegetarians had diverticular disease compared with 33 per-
cent of the nonvegetarians. In addition, the vegetarians had a mean daily
Dietary Fiber intake of 41.5 g/d in comparison to 21.4 g/d for the non-
vegetarians. Similarly, Manousos and coworkers (1985) reported a lower
prevalence of diverticular disease in rural Greece compared with that
found in urban areas. In addition, those individuals with diverticular dis-
ease consumed fewer vegetables, brown bread, potatoes, and fruit. In an
intervention trial, Findlay and coworkers (1974) showed a protective effect
of unprocessed bran. In another study, Brodribb (1977) treated 18 patients
with diverticular disease by providing either a high fiber, bran-containing
bread (6.7 g) or ordinary wheat bread (0.6 g). Relief of symptoms was
significantly greater in the high fiber group compared with the low fiber
control group.

Although the mechanism by which fiber may be protective against
diverticular disease is unknown, several hypotheses have been proposed.
For example, some scientists report that it is due to decreased transit time,
increased stool weight, and decreased intracolonic pressure with fiber
supplementation (Cummings, 2000).

Summary and Conclusions. The majority of the studies cited above show
a relationship between Dietary Fiber and gastrointestinal health. There are
data that show the benefits of certain Dietary and Functional Fibers on gastro-
intestinal health, including the effect of fiber on duodenal ulcers, consti-
pation, laxation, fecal weight, energy source for the colon, and prevention
of diverticular disease. For duodenal ulcer and diverticular disease, the
data are promising for a protective effect, but insufficient data exist at this
time upon which to base a recommended intake level. It is clear that fiber
fermentation products provide energy for colonocytes and other cells of
the body, but again this is not sufficient to use as a basis for a recommen-
dation for fiber intake. With regard to the known fecal bulking and laxative
effects of certain fibers, these are very well documented in numerous
studies. A recommended intake level for Total Fiber based on prevention of
CHD should be sufficient to reduce constipation in most normal people
given adequacy of hydration of the large bowel.
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Dietary Fiber and the Prevention of Colon Cancer

Marked international differences in rates of colon cancer (Boyle et al.,
1985), coupled with findings from migratory studies showing that indi-
viduals take on the cancer demographics of the population to which they
move (Haenszel and Kurihara, 1968), have suggested a strong role for
environmental factors in colon cancer incidence.

Epidemiological Studies

Thun and coworkers (1992) found a significant inverse relation
between the intake of citrus fruits, vegetables, and high fiber grains and
colon cancer, although Dietary Fiber intake was not specifically analyzed.
Fuchs and colleagues (1999) prospectively examined the relationship
between Dietary Fiber intake and the risk of colon cancer in a large cohort
of women. The same study group found a minimal nonsignificant inverse
association in an earlier report that was based on 150 cases of colon cancer
reported during 6 years of follow-up (Willett et al., 1990). In addition, the
follow-up study revealed no relationship (Fuchs et al., 1999). Likewise, in
six large, prospective studies, inverse associations between Dietary Fiber
intake and the risk of colon cancer were weak or nonexistent (Giovannucci
etal., 1994; Heilbrun et al., 1989; Kato et al., 1997; Key et al., 1996; Pietinen
et al., 1999; Steinmetz et al., 1994).

Inverse relationships have been reported between Dielary Fiber intake
and risk of colon cancer in some case-control studies (Bidoli et al., 1992;
Dales et al., 1979; Freudenheim et al., 1990; Gerhardsson de Verdier et al.,
1990; Iscovich et al., 1992; Lyon et al., 1987; Modan et al., 1975; Tuyns et
al., 1987; West et al., 1989), but not all (Berta et al., 1985; Jain et al., 1980;
Macquart-Moulin et al., 1986). A critical review of 37 observational epide-
miological studies and a meta-analysis of 23 case-control studies showed
that the majority suggest that Dietary Fiber is protective against colon cancer,
with an odds ratio of 0.57 for the highest fiber group compared with the
lowest (Trock et al., 1990). Furthermore, a meta-analysis of case-control
studies demonstrated a combined relative risk of 0.53 for colon cancer in
the highest as compared with the lowest quintile of fiber intake (Howe et
al., 1992).

Lanza (1990) reviewed 48 epidemiological studies on the relationship
between diets containing 7otal Fiber and colon cancer and found that 38
reported an inverse relationship, 7 reported no association, and 3 reported
a direct association. In the Netherlands, Dietary Fiber intake was reported to
be inversely related to total cancer deaths, as the 10-year cancer death rate
was approximately threefold higher in individuals with low fiber intake
compared with high fiber intake (Kromhout et al., 1982). Despite these
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and other positive findings, a number of important studies (Fuchs et al.,
1999; Giovannucci and Willett, 1994) and three recent clinical interven-
tion trials (Alberts et al., 2000; Bonithon-Kopp et al., 2000; Schatzkin et al.,
2000) do not support a protective effect of Dietary Fiber intake against colon
cancer. This issue remains to be resolved.

Intervention Studies

There have been a number of small clinical interventions addressing
various surrogate markers for colon cancer, primarily changes in rectal
cell proliferation and polyp recurrence. Generally, the small intervention
trials have shown either no effect of fiber on the marker of choice or a very
small effect. For example, Alberts and coworkers (1990) supplemented
individuals with 13.5 g/d of wheat-bran fiber (Dietary Fiber) for 8 weeks and
analyzed rectal mucosa cell biopsies for changes in cell proliferation. There
was no overall decrease in rectal cell proliferation as a result of fiber supple-
mentation unless the groups were divided into those with initially high
and those with initially normal labeling indices. With this statistical division,
there was a significant decrease in cell proliferation as a result of the fiber
supplementation in six of the eight patients with initially high labeling
indices and three of the eight patients with initially low indices, which
suggests that wheat-bran fiber is protective against colon cancer. In a sepa-
rate trial from the same group, supplemental dietary wheat-bran fiber
(2.0 or 13.5 g/d) was provided to participants with a history of colon
adenoma resection (Alberts et al., 1997). Wheat-bran fiber did not reduce
the labeling index at either 3 or 9 months. Additionally, two randomized,
placebo-controlled trials found no significant reduction in the incidence
of colon tumor indicators among subjects who supplemented their diet
with wheat bran or consumed high fiber diets (MacLennan et al., 1995;
McKeown-Eyssen et al., 1994).

Recently, findings from three major trials on fiber and colonic polyp
recurrence were reported (Alberts et al., 2000; Bonithon-Kopp et al., 2000;
Schatzkin et al., 2000). All were well-designed, well-executed trials in indi-
viduals who previously had polyps removed. The Polyp Prevention Trial,
which incorporated eight clinical centers, included an intervention that
consisted of a diet that was low in fat, high in fiber, and high in fruits and
vegetables (Dietary Fiber) (Schatzkin et al., 2000). There was no difference
in polyp recurrence between the intervention and control groups. The
Arizona Wheat-bran Fiber Trial provided 13.5 g/d versus 2 g/d of wheat-
bran fiber (Dietary Fiber) (Alberts et al., 2000). Again, there was no differ-
ence between the control group and the intervention group in terms of
polyp recurrence. The third trial used 3.5 g/d of psyllium (ispaghula husk)
as the intervention (a potential Functional Fiber) (Bonithon-Kopp et al.,
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2000). The adjusted odds ratio for the psyllium fiber intervention on polyp
recurrence was 1.67 (p = 0.042).

Potential Mechanisms

Many hypotheses have been proposed as to how fiber might protect
against colon cancer development; these hypotheses have been tested
primarily in animal models. The hypotheses include the dilution of car-
cinogens, procarcinogens, and tumor promoters in a bulky stool; a more
rapid rate of transit through the colon with high fiber diets; a reduction in
the ratio of secondary bile acids to primary bile acids by acidifying colonic
contents; the production of butyrate from the fermentation of dietary fiber
by the colonic microflora; and the reduction of ammonia, which is known
to be toxic to cells (Harris and Ferguson, 1993; Jacobs, 1986; Klurfeld,
1992; Van Munster and Nagengast, 1993; Visek, 1978). Unfortunately, most
of the epidemiological and even the clinical intervention trials did not
measure functional aspects of potential mechanisms by which fiber may be
protective, and they did not attempt to relate aspects of colon physiology
such as fecal weight or transit time to a protective effect against tumor
development. Cummings and colleagues (1992) suggest that a daily fecal
weight greater than 150 g is protective against colon cancer. In a study by
Birkett and coworkers (1997), it was necessary to achieve a stool weight of
150 g to improve fecal markers for colon cancer, including fecal bulk,
primary to secondary bile acid ratios, fecal pH, ammonia, and transit time.
Dietary Fiber intake was 18 + 8 g in the less than 150-g fecal-weight group
and 28 £ 9 g in the greater than 150-g group (p < 0.01).

Dietary Fiber Intake and Colonic Adenomas

People with colonic adenomas are at elevated risk of developing colon
cancer (Lev, 1990). Several epidemiological studies have reported that
high Dietary Fiber and low fat intakes are associated with a lower incidence
of colonic adenomas (Giovannucci et al., 1992; Hoff et al., 1986; Little et
al., 1993; Macquart-Moulin et al., 1987; Neugut et al., 1993). For example,
Giovannucci and coworkers (1992) studied a population of 7,284 men
from the Health Professionals Follow-up Study and found a significant
negative relationship between Dietary Fiber intake and colonic adenomas.
The inverse relationship with Dietary Fiber persisted when they adjusted for
other nutrients commonly found in fruits and vegetables. The overall
median dietary intake of Dietary Fiber in this population was 21 g/d, with a
median intake of 13 g/d for the lowest quintile and 34 g/d for the highest
quintile. A reanalysis of 16,448 men from the Health Professionals Follow-
Up Study that controlled for folate intake did not find a significant associa-
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tion between intake of Dietary Fiber and colon adenomas, although a slight
reduction in risk was observed with increasing intake of fruit fiber (Platz et
al., 1997).

Possible Reasons for the Lack of a Protective Lffect of Dietary Fiber
in Some Trials

There is considerable debate and speculation as to why clinical inter-
vention trials on the relationship between fiber intake and colon cancer
have not shown the expected beneficial effect of fiber. Some of the possible
reasons for these results are discussed below.

Timing of the Intervention. Some of the recent prospective studies, such
as the Nurses’ Health Study (Fuchs et al., 1999) and the Health Professionals
Follow-Up Study (Giovannucci et al., 1994), have failed to show a protective
effect of Dietary Fiber intake against colon cancer when early indications
from these same cohorts suggested that they would. As noted above, the
Health Professionals Follow-up Study showed a protective effect of Dietary
Fiber from the diet against colonic adenomas (Giovannucci et al., 1992).
However, when the same cohort was later investigated for the relationship
between intake of Dietary Fiber and colon carcinoma, no relationship was
found (Giovannucci et al., 1994). A partial explanation for the difference
is due to differences in ways that the data were analyzed based on informa-
tion that was known at the time of analysis.

A similar situation was found in the Nurses’ Health Study cohort, which
initially found that the combination of high Dietary Fiber and low saturated
or animal fat intake was associated with a reduced risk of adenomas (Willett
et al., 1990), whereas a low intake of fiber alone did not contribute to the
risk of colon cancer. Again, at follow-up in the same cohort, no relation-
ship was found between Dietary Fiber intake and colon cancer incidence
(Fuchs et al., 1999). This may also account for the lack of a protective
effect of Dietary Fiber in the three recently reported clinical intervention
trials (Alberts et al., 2000; Bonithon-Kopp et al., 2000; Schatzkin et al.,
2000) since the participants already had colonic adenomas. Perhaps, as
Giovannucci and colleagues (1992) suggest, intake of Dietary Fiber may
influence the early stages of carcinogenesis, whereas dietary fat may have a
greater influence on the progression of initiated cells into cancer.

The Confounding Role of Other Dietary Factors. Another possible expla-
nation for the lack of a positive effect of fiber on colon cancer involves the
potential confounding role of starch. As discussed in Chapter 6, starch
may be divided into glycemic and nonglycemic starch, with nonglycemic
starch being resistant to digestion by mammalian enzymes and thus reach-
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ing the colon. Resistant starch intake has been associated with increased
concentrations of fecal ammonia (Birkett et al., 1997). This association
was reversed when nonstarch polysaccharides were added. Ammonia is
toxic to normal colonic cells and stimulates the growth of malignant cells
(Visek, 1978). Thus, diets that are high in resistant starch, but low in fiber,
may have adverse effects (Birkett et al., 1997).

Individuals May Not Consume Sufficient Amounts of Fiber or the Right Type
of Fiber. Neither the prospective studies nor the three large intervention
trials reported aspects of colonic function (Alberts et al., 2000; Bonithon-
Kopp et al., 2000; Schatzkin et al., 2000). It is possible that bulkier stools
or faster transit through the colon reduce the risk of bowel cancer
(Cummings et al., 1992), but that the amounts or types of Dietary Fibers
consumed did not result in these physiological effects. In addition, posi-
tive benefits of fiber with respect to colon cancer may not occur until
Dietary Fiber intake is sufficiently high; for example, greater than the median
32 g/d for the highest quintile in The Health Professionals Follow-Up
Study of men (Giovannucci et al., 1994; Platz et al., 1997) and 25 g/d in
the Nurses’ Health Study (Fuchs et al., 1999).

Summary

All but one of the studies (Bonithon-Kopp et al., 2000) cited in this
section examined the relationship of Dietary Fiber to colon cancer. Infor-
mation is lacking on the role of Functional Fibers in the incidence of colon
cancer because of the lack of intake data on specific Functional Fibers col-
lected in epidemiological studies. Most animal studies on fiber and colon
cancer, however, have used what could be termed Functional Fibers (Jacobs,
1986) . Because evidence available is either too conflicting or inadequately
understood, a recommended intake level based on the prevention of colon
cancer cannot be set.

Dietary Fiber and Protection Against Breast Cancer

A growing number of studies have reported on the relationship of
Dietary Fiber intake and breast cancer incidence, and the strongest case can
be made for cereal consumption rather than consumption of Dietary Fiber
per se (for an excellent review see Gerber [1998]). Between-country studies,
such as England versus Wales (Ingram, 1981), southern Italy versus
northern Italy versus the United States (Taioli et al., 1991), and China
versus the United States (Yu et al., 1991), and one study within Spain
(Morales and Llopis, 1992), all showed an inverse correlation between
bread and cereal consumption and breast cancer risk. The findings of
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Caygill and coworkers (1998) showed an inverse correlation between breast
cancer incidence and both the current diet (p < 0.001) and the diet
20 years previously (p < 0.001). However, starchy root, vegetable, and fruit
intakes were not related to breast cancer risk for either diet.

Prospective Studies

There have been at least two prospective studies relating Dietary Fiber
intake to breast cancer incidence in the United States and both found no
significant association (Graham et al., 1992; Willett et al., 1992). A
Canadian study showed a significant protective trend for the intake of
cereals, with borderline significance for Dietary Fiber (Rohan et al., 1993).
Verhoeven and coworkers (1997) investigated the relationship between
Dietary Fiberintake and breast cancer risk in The Netherlands Cohort Study.
This prospective cohort study showed no evidence that a high intake of
Dietary Fiber decreased the risk of breast cancer.

Case-Control Studies

Eight of eleven reported case-control studies showed a protective effect
of Dietary Fiber against breast cancer (Baghurst and Rohan, 1994; De Stefani
et al., 1997; Franceschi et al., 1996; Freudenheim et al., 1996; Graham et
al., 1991; Lubin et al., 1986; Rohan et al., 1988; Ronco et al., 1999; van’t
Veer et al., 1990; Witte et al., 1997; Yuan et al., 1995). For studies that
showed this protection, the range of the odds ratio or relative risk was 0.40
to 0.74.

Intervention Studies

Most intervention studies on fiber and breast cancer have examined
fiber intake and plasma or urinary indicators of estrogen (e.g., estrone,
estradiol). Since certain breast cancers are hormone dependent, the con-
cept is that fiber may be protective by decreasing estrogen concentrations.
Rose and coworkers (1991) provided three groups of premenopausal
women with a minimum of 30 g/d of Dietary Fiber from wheat, oats, or
corn. After 2 months, wheat bran was shown to decrease plasma estrone
and estradiol concentrations, but oats and corn were not effective. Bagga
and coworkers (1995) provided 12 premenopausal women a very low fat
diet (10 percent of energy) that provided 25 to 35 g/d of Dietary Fiber.
After 2 months there were significant decreases in serum estradiol and
estrone concentrations, with no effects on ovulation. Woods and colleagues
(1989) found that a low fat (25 percent of energy), high fiber (40 g of
Dietary Fiber) diet significantly reduced serum estrone sulfate concentra-
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tions in healthy premenopausal women compared with consumption of a
typical Western diet (40 percent of energy from fat, 12 g of Dietary Fiber).
In a separate study, the same researchers again provided a low fat (20 per-
cent of energy), high fiber (40 g of Dietary Fiber) diet to premenopausal
African-American women and observed reduced concentrations of serum
estradiol and estrone sulfate when compared with a typical Western diet
(Woods et al., 1996).

Mechanisms

A variety of different mechanisms have been proposed as to how fiber
might protect against breast cancer, but the primary hypothesis is through
decreasing serum estrogen concentrations. Fiber can reduce the entero-
hepatic circulation of estrogen by binding unconjugated estrogens in the
gastrointestinal tract (Shultz and Howie, 1986), making them unavailable
for absorption (Gorbach and Goldin, 1987). Goldin and coworkers (1982)
reported decreased plasma concentrations of estrone and increased fecal
excretion of estrogens with increasing fecal weight. Alternatively, certain
fibers can modify the colonic microflora to produce bacteria with low
deconjugating activity (Rose, 1990), and deconjugated estrogens are
reabsorbed. With less reabsorption of estrogens, plasma concentrations
decrease. Another related hypothesis is that fiber speeds up transit through
the colon, thus allowing less time for bacterial deconjugation. In fact,
Petrakis and King (1981) noted abnormal cells in the mammary fluid of
severely constipated women. Also, fiber sources contain phytoestrogens,
which may compete with endogenous estrogens and act as antagonists
(Lee etal., 1991; Rose, 1992). Finally, one report showed that Dietary Fiber
intake was negatively correlated with total body fat mass, intra-abdominal
adipose tissue, and subcutaneous abdominal adipose tissue in 135 men
and 214 women (Larson et al., 1996). Since estrogen synthesis can occur
in lipid stores, a decreased lipid mass should result in decreased synthesis.
In addition to decreasing serum estrogen concentrations, fiber may be
protective by adsorbing carcinogens or speeding their transit through the
colon and providing less opportunity for their absorption. Carcinogens
known to be related to breast cancer that may be affected include hetero-
cyclic amines (Ito et al., 1991; Knekt et al., 1994), which have been shown
to adsorb to fiber (Harris et al., 1996).

Summary

There are no reports on the role of Functional Fibers in the risk of
breast cancer. Clearly, fiber has the potential capacity to decrease blood
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estrogen concentrations by a variety of different mechanisms, but whether
or not this is sufficient to decrease the risk of breast cancer has not been
thoroughly investigated. Because of the lack of evidence to support a role
of Dietary Fiber in preventing breast cancer, this clinical endpoint cannot
be used to set a recommended intake level.

Dietary Fiber and Other Cancers

Although the preponderance of the literature on fiber intake and
cancer involves colon cancer and breast cancer, several studies have shown
decreased risk for other types of cancer. Because Dietary Fiber has been
shown to decrease serum estrogen concentrations, some researchers have
hypothesized a protective effect against hormone-related cancers such as
endometrial, ovarian, and prostate. Studies on Dietary Fiberintake and endo-
metrial cancer have shown both significant and nonsignificant decreases in
risk (Barbone et al., 1993; Goodman et al., 1997; McCann et al., 2000). In
addition, studies have shown a decreased risk in ovarian cancer with a high
intake of Dietary Fiber (McCann et al., 2001; Risch et al., 1994; Tzonou et
al., 1993). However, no significant associations have been observed
between Dietary Fiber intake and risk of prostate cancer (Andersson et al.,
1996; Ohno et al., 1988; Rohan et al., 1995). Although interesting to note,
this literature is in its infancy and cannot be used to set a recommended
intake level for Dietary Fiber.

Dietary Fiber and Functional Fiber and Glucose Tolerance,
Insulin Response, and Amelioration of Diabetes

Epidemiological Studies

Epidemiological evidence suggests that intake of certain fibers may
delay glucose uptake and attenuate the insulin response, thus providing a
protective effect against diabetes. Evidence for the protective effect of
Dietary Fiber intake against type 2 diabetes comes from several prospective
studies that have reported on the relationship between food intake and
type 2 diabetes (Colditz et al., 1992; Meyer et al., 2000; Salmeré6n et al.,
1997a, 1977b). One study examined the relationship between specific
dietary patterns and risk of type 2 diabetes in a cohort of 42,759 men,
while controlling for major known risk factors (Salmerén et al., 1997a).
The results suggest that diets with a high glycemic load and low cereal
fiber content are positively associated with risk of type 2 diabetes, indepen-
dent of other currently known risk factors (Figure 7-1). In a second study,
diet and risk of type 2 diabetes in a cohort of 65,173 women were evalu-
ated (Salmerdn et al., 1997b). Again, diets with a high glycemic load and
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FIGURE 7-1 Relative risk of type 2 diabetes by different levels of cereal fiber in-
take and glycemic load. Reprinted, with permission, from Salmerén et al. (1997b).
Copyright 1997 by the American Medical Association.

low cereal fiber content were positively associated with risk of type 2 diabetes,
independent of other dietary factors and currently known risk factors. Of
particular importance is that this combination resulted in a relative risk of
2.17 for men (Salmeroén et al., 1997a) and 2.5 for women (Salmeroén et al.,
1997b), which is more than twofold greater relative to consumption of a
diet high in cereal fiber and low in glycemic load (Figure 7-1).

In theory, the hypothesis as to how Dietary Fiber may be protective
against type 2 diabetes is that it attenuates the glucose response and
decreases insulin concentrations. This theory is supported by results from
the Zutphen Elderly Study, where a negative relationship was observed
between Dietary Fiber intake and insulin concentrations (Feskens et al.,

1994).

Intervention Studies

In some clinical intervention trials ranging from 2 to 17 weeks, con-
sumption of Dietary Fiber was shown to decrease insulin requirements in
type 2 diabetics (Anderson et al., 1987; Rivellese et al., 1980; HCR Simpson
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et al., 1981). However, Behall (1990) compared the addition of 19.5 g of
one of four different Functional Fibers (cellulose, carboxymethycellulose
gum, karaya gum, and locust bean gum) to a low fiber diet with respect to
glucose and insulin response curves from a standard glucose tolerance test
and found no significant differences between the diets after 4 weeks. In
addition, resistant starch has not been shown to have an effect on glycemic
index. This is in contrast to the differences in “slow release” versus “fast
release” starches, which have differential effects on postprandial glycemic
and insulinemic profiles (Golay et al., 1992; Jenkins et al., 1987).

Viscous Dietary and Functional Fibers, such as are found in oat products,
beans, isolated pectin, and isolated guar gum, have been found to produce
significant reductions in glycemic response in 33 of 50 studies (66 per-
cent) reviewed by Wolever and Jenkins (1993), which is in contrast to only
3 of 14 studies with nonviscous fiber (21 percent). Mechanistic data and
hypotheses support this effect of viscous fibers as they delay gastric empty-
ing and delay the absorption of glucose and other nutrients (Jenkins et al.,
1978; Wood et al., 1994). However, a seeming anomaly is that the blood
glucose response of foods is more closely related to their nonviscous fiber
content than to their viscous fiber content (Wolever, 1995). It is not clear
as to how significant the viscosity of fiber is to its contribution to the
reduction in glycemic response in the overall observation of a lower inci-
dence of type 2 diabetes with high fiber diets. Therefore, viscosity should
not be considered the most important attribute of fiber with respect to this
endpoint.

Summary

There is evidence that Total Fiber reduces the risk of diabetes; this can
be used as a secondary endpoint to support a recommended intake level
for Total Fiber that is primarily based on prevention of CHD. Further dis-
cussion is provided in the later section, “Findings by Life Stage and Gender
Group.”

Fiber Intake, Satiety, and Weight Maintenance

Epidemiological Studies

Since foods rich in fiber tend to be low in energy, researchers have
hypothesized that fiber consumption may help with weight maintenance.
This is an important consideration since obesity is such a prevalent problem
and contributes to the risk of many diseases. Support for the concept that
fiber consumption helps with weight maintenance is provided by studies
showing that daily Dietary Fiber intake is lower for obese men (20.9 £ 1.8 g)
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and women (15.7 £ 1.1 g) than for lean men (26.9 + 1.8 g) and women
(22.7 £ 2.1 g) (Miller et al., 1994). Furthermore, in a study of 1,914 men
and 3,378 women, mean body mass index (BMI) was significantly lower in
the high Dietary Fiber group for both men and women (Appleby et al.,
1998).

Intervention Studies

Several intervention studies suggest that diets high in fiber may assist
in weight loss (Birketvedt et al., 2000; Eliasson et al., 1992; Rigaud et al.,
1990; Rossner et al., 1987; Ryttig et al., 1989), although other studies have
not found this effect (Astrup et al., 1990; Baron et al., 1986). For example,
Birketvedt and coworkers (2000) conducted a study in which 53 moder-
ately overweight females consumed a reduced energy diet (1,200 kcal/d)
with or without a fiber supplement, which was 6 g/d for 8 weeks and then
4 g/d thereafter. The women on the fiber-supplemented diets lost 8.0 kg
versus 5.8 kg for the placebo group (p < 0.05). High fiber diets are charac-
terized by a very low energy density compared to diets high in fat, and a
greater volume must be consumed in order to reach a certain energy level
(Duncan et al., 1983; Tremblay et al., 1991), which again could result in
cessation of eating. The issue of whether fiber has implications in the
modulation of appetite has been reviewed (Blundell and Burley, 1987;
Levine and Billington, 1994). Consumption of viscous fibers delays gastric
emptying (Roberfroid, 1993), which in turn can cause an extended feeling
of fullness (Bergmann et al., 1992) and delayed absorption of glucose and
other nutrients (Jenkins et al., 1978; Ritz et al., 1991; Roberfroid, 1993;
Truswell, 1992). Some investigators suggest that the delayed absorption of
nutrients is associated with an extended feeling of satiety and delayed
return of appetite (Grossman, 1986; Holt et al., 1992; Leathwood and
Pollet, 1988), but not all investigators have found this effect (de Roos et
al., 1995; Krishnamachar and Mickelsen, 1987; Sepple and Read, 1989).

A number of studies investigated the effect of consumption of a high
fiber meal and food intake at a later eating occasion. For example, eating
a breakfast supplemented with 29 g of sugar beet fiber resulted in 14 per-
cent less energy consumption at the subsequent lunch (Burley et al., 1993).
In contrast, other investigators have failed to demonstrate any postingestive
effect of fiber on food intake (Delargy et al., 1995; Levine and Billington,
1994). One study found that there was no difference between a high fiber
and a low fiber diet on later food intake if the energy content of the initial
diets was similar (Delargy et al., 1995). These authors used 20 g of Dietary
Fiber for their test breakfast meal, which is much lower than the 29 g used
by Burley and coworkers (1993). The authors concluded that for Dietary
Fiber to have an effect, there has to be greater than 20 g in the test meal
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(Delargy et al., 1995). Similar findings of no effect of a test meal on appe-
tite throughout the day have been found for substituting resistant starch
for digestible starch (Raben etal., 1994). In addition, much of the data on
chitin and chitosan in promoting weight loss have been negative (see
earlier section, “Physiological Effects of Isolated and Synthetic Fibers”).

Summary

The strongest data supporting a relationship between fiber and weight
maintenance come from the few epidemiological studies showing that
Dietary Fiber intake is lower for obese men and women than for lean men
and women and that BMI is lower with higher fiber consumption for both
men and women. Efforts to show that eating specific fibers increases satiety
and thus results in a decreased food intake have been inconclusive. In
terms of the attribute of fiber that may result in decreased food intake,
some have suggested that viscosity is important as it delays gastric empty-
ing and may lead to feeling more full for a longer period of time. How-
ever, this hypothesis has not been validated in clinical trials.

Although the finding that the overall data on Dietary Fiber intake are
negatively correlated with BMI is suggestive of a role for fiber in weight
control, the studies designed to determine how fiber intake might impact
overall energy intake have not shown a major effect. In fact, it appears that
very high amounts of fiber (e.g., 30 g/meal) are required to diminish
subsequent energy intake after that meal. For humans, there is no over-
whelming evidence that Dietary Fiber has an effect on satiety or weight main-
tenance, therefore this endpoint is not used to set a recommended intake
level.

FINDINGS BY LIFE STAGE AND GENDER GROUP

Expression of the Total Fiber Requirement

Total Fiber requirements (the sum of Dietary Fiber and Functional Fiber)
may be expressed in a variety of different ways, including age plus number
of grams per day (Williams et al., 1995), grams per kilogram of body weight
(AAP, 1993), grams per day (Health and Welfare Canada, 1985; LSRO,
1987), and grams per 1,000 kcal (LSRO, 1987). Each of these methods has
its advantages and disadvantages. Because the available evidence suggests
that the beneficial effects of fiber in humans are most likely related to the
amount of food consumed—not to the individual’s age or body weight—
the best approach is to set an Adequate Intake (AI) based on grams per
1,000 kcal. However, since many people do not know how many kilo-
calories they consume in a day, the Al is based on the usual daily intake of
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energy (Appendix Table E-1) for each age group and is expressed in grams
per day. Those with energy intakes significantly above or below the refer-
ence intakes for their age and gender may want to consider adjusting their
total fiber intake accordingly.

Infants Ages O Through 12 Months

There are no functional criteria for fiber status that reflect response to
dietary intake in infants. Since human milk is recognized as the optimal
source of nourishment for infants throughout at least the first year of life
and as a sole nutritional source for infants during the first 4 to 6 months of
life (IOM, 1991), and because human milk contains no Dietary Fiber, there
is no Al for infants 0 through 6 months of age. During the 7- through
12-month age period, the intake of solid foods becomes more significant,
and Dietary Fiber intake may increase. However, there are no data on Dietary
Fiber intake in this age group and no theoretical reason to establish an Al
for infants 7 through 12 months of age.

Children and Adolescents Ages 1 Through 18 Years

Method Used to Set the Al

Although guidelines have been endorsed for recommended dietary
intakes of total fat and fatty acids, protein, carbohydrate, and cholesterol
in children 2 years of age and older by a variety of different organizations
(AHA, 1983; Dwyer, 1980; USDA/HHS, 2000), none of these guidelines
recommend a specific level of fiber intake during childhood. Data suggest
that North American children, like adults, consume inadequate amounts
of fiber for optimal health, and that consumption of fiber should be
increased to promote normal laxation, to help prevent diet-related cancer,
to help reduce serum cholesterol concentrations and therefore the risk of
coronary heart disease (CHD), and to help prevent obesity and the risk of
adult-onset diabetes (AHA, 1983; AMA Council on Scientific Affairs, 1989;
Wynder and Berenson, 1984). National pediatric dietary goals are targeted
for children older than 2 years of age, with a suggestion that age 2 to
3 years be a transition year (National Cholesterol Education Program, 1991).

Constipation is a common problem during childhood, as it is in adults,
and accounts for 25 percent of visits to pediatric gastroenterology clinics
(Loening-Baucke, 1993). As discussed in the earlier section, “Dietary Fiber,
Functional Fiber, and Colon Health,” there are strong data showing the
contribution of high fiber diets, along with adequate fluid intake, to lax-
ation in adults. However, fiber intake and constipation data in children
are limited. Studies correlate low Dietary Fiber intake with constipation
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(Hunt et al., 1993; Roma et al., 1999). Two studies by the same research
group addressed fiber intake in American children and found that chil-
dren with constipation consumed, on average, about half as much fiber as
the healthy control group (McClung et al., 1993, 1995). Morais and co-
workers (1999) reported that children with chronic constipation ingested
less Dietary Fiber than age-matched controls.

The Al for Total Fiber for children and adolescents is based on the data
cited for adults, which showed that 14 g/1,000 kcal reduced the risk of
CHD (see “Adults Ages 19 Years and Older”). The Al (14 g/1,000 kcal x
median energy intake [kcal/1,000 kcal/d]) is then set for each age and
gender group. The median energy intake for 1- to 3-year-old children is
1,372 kcal/d (Appendix Table E-1). Thus, 19 g/d (14 x 1.37) of total fiber
would be recommended for this age group. It should be kept in mind that
recommendations for fiber intake are based on a certain amount of total
fiber as a function of energy intake. This means that those who consume
less than the median energy intake of a particular category need less fiber
than the recommendation (which is based on the mean energy intake).
For example, the median energy intake for 1- to 3-year-old children is
1,372 kcal/d and the recommendation for total fiber is 19 g/d. However,
l-year-old children not meeting this energy consumption level will not
require 19 g/d and their intake should be scaled back accordingly.

The median energy intake for 4- to 8-year-old children is 1,759 kcal/d
(Appendix Table E-1). Thus, 25 g/d (14 x 1.76) of Total Fiber would be
recommended for these children. The Als for Total Fiber for boys and girls
9 to 18 years of age have been calculated in a similar manner using the
energy intake values in Appendix Table E-1.

Total Fiber Al Summary, Ages 1 Through 18 Years

Al for Children
1-3 years 19 g/d of Total Fiber
4-8 years 25 g/d of Total Fiber

Al for Boys
9-13 years 31 g/d of Total Fiber
14-18 years 38 g/d of Total Fiber

Al for Girls
9-13 years 26 g/d of Total Fiber
14-18 years 26 g/d of Total Fiber



DIETARY, FUNCTIONAL, AND TOTAL FIBER 387
Adults Ages 19 Years and Older
Methods Used to Set the Al

Fiber Intake and Risk of CHD. Although the preponderance of the data
shows a protective effect of consumption of high fiber and high fiber-
containing foods against CHD (see earlier section, “Dietary Fiber, Functional
Fiber, and the Prevention of Hyperlipidemia, Hypertension, and Coronary
Heart Disease”), there are exceptions to these findings. A more important
consideration for establishing a requirement for fiber is the fact that the
dietary intake data from epidemiological studies are on fiber-containing
foods, which are considered Dietary Fiber. Certain investigators specifically
analyzed diets for Dietary Fiber (Burr and Sweetnam, 1982; Hallfrisch et al.,
1988; Khaw and Barrett-Connor, 1987; Kromhout et al., 1982; Kushi et al.,
1985; Morris et al., 1977; Pietinen et al., 1996; Rimm et al., 1996), but
others used indicators of Dietary Fiber intake such as cereals, vegetables,
fruits, whole grains, or legumes. There are many constituents of whole
grains, in addition to Dietary Fiber, that may reduce the risk of CHD (Slavin
et al., 1997; Thompson, 1994). Despite these cautions, the data on the
relationship between Dietary Fiber intake and risk of CHD based on epide-
miological, clinical, and mechanistic data are strong enough to warrant
using this relationship as a basis for setting a recommended level of intake.
Both men and women appear to benefit from increasing their intake of
foods rich in fibers, particularly cereal fibers, with women appearing to
benefit more from increasing fiber consumption than men.

Because the prospective studies of Pietinen and coworkers (1996),
Rimm and coworkers (1996), and Wolk and coworkers (1999) are ade-
quately powered, divide fiber intake into quintiles, and provide data on
energy intake (Table 7-2), it is possible to set a recommended intake level.
Data from 21,930 Finnish men showed that at the highest quintile of Dietary
Fiber intake (34.8 g/d), median energy intake was 2,705 kcal/d, which
equates to 12.9 g of Dietary Fiber/1,000 kcal (Pietinen et al., 1996). The
Health Professionals Follow-up Study of men reported a Dietary Fiber intake
of 28.9 g/d in the highest quintile, with a normalized energy intake of
2,000 kcal/d, which equates to 14.45 g of Dietary Fiber/ 1,000 kcal (Rimm et
al., 1996). In the Nurses’ Health Study of women, the median Dietary Fiber
intake at the highest quintile was 22.9 g/d, with a normalized energy intake
of 1,600 kcal/d (Wolk et al., 1999), which equates to 14.3 g of Dietary Fiber/
1,000 kcal. In these three studies, there was a significant negative trend in
Dietary Fiber intake and risk of CHD. Specifically, there was a strong nega-
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tive correlation between cereal fiber intake and risk of CHD, whereas the
correlation was weak or nonexistent for fruit and vegetable fibers. Taken
collectively and averaging to the nearest gram, these data suggest an intake
of 14 g of Dietary Fiber/1,000 kcal, particularly from cereals, to promote
heart health. Data from the intervention trials are in line with these recom-
mendations, as are data from epidemiological studies.

Fiber Intake and Risk of Type 2 Diabetes. The literature on Dietary Fiber
intake and glucose tolerance, insulin response, and amelioration of diabetes
alone is insufficient at this time to use as a basis for a recommendation
(see “Evidence Considered for Estimating the Requirement for Dietary Fiber
and Functional Fiber”). However, it should be noted that the positive effects
seen in two large prospective studies (Salmerén et al., 1997a, 1997b) were
achieved with the same levels of fiber that have previously been reported
as being protective against CHD (Pietinen et al., 1996; Rimm et al., 1996;
Wolk et al., 1999). Therefore, the recommendations made using the effect
of Dietary Fiber intake on CHD are supported by the data on Dietary Fiber
intake and type 2 diabetes.

Summary. Prospective studies have shown that the impact of Dietary
Fiber on the advent of CHD occurs continuously across a range of intakes.
Therefore, an Estimated Average Requirement (EAR) cannot be set.

Based on the average intake of Dielary Fiber and its effect on CHD, as
well as the beneficial role of Functional Fibers (such as gums, pectin and
psyllium), an Al for Total Fiber is set for each age and gender group by
multiplying 14 g/1,000 kcal X median energy intake (kcal/1,000 kcal/d).
The highest median intake level for each gender-specific age group (from
Appendix Table E-1) was used in the equation to set the Al for young
adults (19 to 50 years of age) and older adults (51 years of age and older).
There is no information to indicate that fiber intake as a function of energy
intake differs during the life cycle.

By definition, the Al is expected to meet or exceed the EAR or the
average amount needed to maintain a defined nutritional state or criterion
of adequacy in essentially all members of a specific healthy population.
Thus, where data are insufficient to be used as the basis of an Al, Total Fiber
at the recommended levels may also help to ameliorate constipation and
diverticular disease, provide fuel for colonic cells, attenuate blood glucose
and lipid concentrations, and provide a source of nutrient-rich, low energy-
dense foods that could contribute to satiety.
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Total Fiber AI Summary, Ages 19 Years and Older

Al for Men
19-30 years 38 g/d of Total Fiber
31-50 years 38 g/d of Total Fiber
51-70 years 30 g/d of Total Fiber
> 70 years 30 g/d of Total Fiber

Al for Women
19-30 years 25 g/d of Total Fiber
31-50 years 25 g/d of Total Fiber
51-70 years 21 g/d of Total Fiber
> 70 years 21 g/d of Total Fiber

Pregnancy

Method Used to Set the Al

There is no evidence to suggest the beneficial effects of fiber in reduc-
ing the risk of CHD for pregnant adolescent girls and women is different
from nonpregnant adolescent girls and women. Therefore, the Al for Total
Fiberis 28 g/d (14 g/1,000 kcal x 1,978 kcal/1,000 kcal/d).

Total Fiber Al Summary, Pregnancy

Al for Pregnant Women
14-18 years 28 g/d of Total Fiber
19-30 years 28 g/d of Total Fiber
31-50 years 28 g/d of Total Fiber

Lactation

Method Used to Set the Al

There is no evidence to suggest the beneficial effects of fiber in reduc-
ing the risk of CHD for lactating adolescent girls and women are different
from nonpregnant adolescent girls and women. Therefore, the Al for Total
Fiberis 29 g/d (14 g/1,000 kcal x 2,066 kcal/1,000 kcal/d).
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Total Fiber Al Summary, Lactation

Al for Lactating Women
14-18 years 29 g/d of Total Fiber
19-30 years 29 g/d of Total Fiber
31-50 years 29 g/d of Total Fiber

INTAKE OF DIETARY FIBER

Food Sources

Marlett (1992) reported on the Dietary Fiber content of 117 frequently
consumed foods. Dietary Fiber was present in the majority of fruits, vege-
tables, refined grains, and miscellaneous foods such as ketchup, olives,
and soups, at concentrations of 1 to 3 percent, or 1 to 3 g/100 g of fresh
weight. Nuts, legumes, and high fiber grains typically contained more than
3 percent Dietary Fiber. About one-third of the fiber in legumes, nuts, fruits,
and vegetables was present as hemicelluloses. Approximately one-fourth of
the fiber in grains and fruit and one-third in nuts and vegetables consisted
of cellulose. Although fruits contained the greatest amount of pectin, 15
to 20 percent of the fiber content in legumes, nuts, and vegetables was
pectin.

The major sources of naturally occurring inulin and oligofructose are
wheat and onions, which provide about 70 and 25 percent of these compo-
nents, respectively (Moshfegh et al., 1999). Isolated inulin provides a creamy
texture and is added to replace fat in table spreads, dairy products, frozen
desserts, baked goods, fillings, and dressings. Oligofructose is most
commonly added to cereals, fruit preparations for yogurt, cookies, dairy
products, and frozen desserts.

Depending on one’s chosen diet, naturally occurring and manufac-
tured resistant starch, as well as that produced during normal processing
of foods for human consumption, could make a significant contribution to
daily Total Fiber intake. Legumes are the largest source of naturally occur-
ring resistant starch (Marlett and Longacre, 1996). In addition, green
bananas (Englyst and Cummings, 1986) and cooled, cooked potatoes
(Englyst and Cummings, 1987) can provide a significant amount of resis-
tant starch. Resistant starch resulting from normal processing of a foodstuff
is a more modest contributor to a typical daily intake. Starches specifically
manufactured to be resistant to endogenous human digestion are a rapidly
growing segment of commercially available resistant starches.
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Dietary Intake

National nutrition surveys use the U.S. Department of Agriculture
(USDA) food composition database to estimate the intake of various nutri-
ents. This database primarily measures Dietary Fiber intake because isolated
Functional Fibers, such as pectins and gums, that are used as ingredients
represent a very minor amount of the fiber present in foods. For instance,
the fiber content of fat-free ice creams and yogurts, which contain Func-
tional Fibers as additives, is much less than 1 g/serving and therefore is
often labeled as having 0 g of fiber. Based on intake data from the Con-
tinuing Survey of Food Intakes by Individuals (CSFII) (1994-1996, 1998),
median Dietary Fiberintakes ranged from 16.5 to 17.9 g/d for men and 12.1
to 13.8 g/d for women (Appendix Table E-4). Based on the Adequate
Intakes (AI) set for the various age and gender groups, 10 percent or less
of a particular group consumed greater than the Al

Based on additional intake data from CSFII, American diets provided
on average 2.6 g/d of inulin and 2.5 g/d of oligofructose (Moshfegh et al.,
1999). Since inulin and oligofructose have not been analyzed as fiber pre-
viously, they would not be in the USDA database. This would mean that
people are actually consuming approximately 5.1 g/d more fiber than
reported in the CSFII database (Appendix Table E-4). Although there is a
seemingly large gap between current fiber intake and the recommended
intake, it is not difficult to consume recommended levels of Total Fiber by
choosing foods recommended by the Food Guide Pyramid. Two sample
menus are provided that meet the Estimated Energy Requirement (EER)
and Al for Total Fiber for men (Table 7-3) and women (Table 7-4).

These menus show that a 19-year-old active male and a 19-year-old
active female can meet their Al for Total Fiber without exceeding their
EER. These diets also meet the Recommended Dietary Allowances and Als
for all of the micronutrients.

ADVERSE EFFECTS OF OVERCONSUMPTION
Adverse Effects of Dietary Fiber

Mineral Bioavailability

Within the last 20 years, several animal and human studies have shown
that foods or diets rich in fibers may alter mineral metabolism, especially
when phytate is present (Sandstead, 1992). Fibers may reduce the bio-
availability of minerals such as iron, calcium, and zinc (AAP, 1981; Williams
and Bollella, 1995). However, levels of 10 to 12 g of Dietary Fiber/ 1,000 kcal
have been suggested as safe even for Japanese adolescents, who tradition-
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TABLE 7-3 Fiber Intake from an Omnivorous Diet Adequate
in Essential Micronutrients to Meet the Estimated Energy
Requirement for a Male 19 Years of Age (3,078 kcal/d)

Total
Meal Foods Eaten Energy (kcal) Fiber (g)
Breakfast  Grapefruit, pink or red (1/2 medium) 38 1.4
Banana (1 medium) 109 2.8
Cereal, ready-to-eat shredded 112 3.0
oats (1 cup)
English muffin (white, 1 whole) 134 1.5
Margarine (2 tsp) 68 0
Milk, 1% (1 cup) 102 0
Total for meal 563 8.7
Snack Crackers, whole wheat (6 each) 109 0.9
Cheddar cheese (1.5 oz) 171 0
Juice (¥, cup) 78 0.4
Total for snack 358 1.3
Lunch Tossed salad (1 cup) 16 1.5
Salad dressing (1 tbs) 66 0
Chili with beans and beef (1 cup) 273 6.5
Cornbread (1 piece) 173 1.3
Margarine (1 tsp) 34 0
Grapes (!/, cup) 57 0.8
Fig bar cookies (2) 111 1.5
Milk, 1% (1 cup) 102 0
Total for meal 832 11.6
Dinner Salmon in soy sauce (3.5 oz) 169 0.2
Rice with vegetables (%/, cup) 167 1.4
Broccoli (1-1/, cup) 40 4.4
Roll, whole wheat (2 medium) 177 5.0
Margarine (2 tsp) 68 0
Ice cream (!/, cup) 98 0.3
Total for meal 719 11.3
Snack Carrots, raw (12 medium baby) 51 3.6
Spinach dip (2 tbs) 58 0.4
Turkey sandwich 344 1.2
Cola (1 can) 153 0
Total for snack 606 5.2
Daily total 3,078 38.1

NOTE: Source of food composition data: NDS-R Food and Nutrient Data Base, Version
4.04_32, 2001, Nutrition Coordinating Center, University of Minnesota.



DIETARY, FUNCTIONAL, AND TOTAL FIBER 393

TABLE 7-4 Fiber Intake from an Omnivorous Diet Adequate
in Essential Micronutrients to Meet the Estimated Energy
Requirement for a Female 19 Years of Age (2,393 kcal/d)

Total
Meal Foods Eaten Energy (kcal) Fiber (g)
Breakfast Banana (1/2 medium) 54 1.4
Cereal, ready-to-eat shredded oats 84 2.3
(%/, cup)
English muffin (white, 1 whole) 134 1.5
Margarine (2 tsp) 68 0
Milk, skim (1 cup) 86 0
Total for meal 426 5.2
Snack Crackers, whole wheat (5 each) 90 0.7
Cheddar cheese (1.5 oz) 171 0
Juice (3/, cup) 78 0.4
Total for snack 339 1.1
Lunch Tossed salad (f”/4 cup) 12 1.1
Salad dressing (1 tbs) 66 0
Chili with beans and beef (f”/4 cup) 205 4.9
Cornbread (1 piece) 173 1.3
Margarine (1 tsp) 34 0
Grapes (1/2 cup) 57 0.8
Milk, skim (1 cup) 86 0
Total for meal 633 8.1
Dinner Salmon in soy sauce (3.5 oz) 169 0.2
Rice with vegetables (1/, cup) 111 1.0
Broccoli (1/2 cup) 14 1.5
Roll, whole wheat (1 medium) 89 2.5
Margarine (1 tsp) 34 0
Ice cream (!/, cup) 98 0.3
Total for meal 515 5.5
Snack Apple (1 medium) 81 3.7
Pretzels (1 oz) 108 0.9
Peanut butter sandwich 138 1.3
Cola (1 can) 153 0
Total for snack 480 5.9
Daily total 2,393 25.8

NOTE: Source of food composition data: NDS-R Food and Nutrient Data Base, Version
4.04_32, 2001, Nutrition Coordinating Center, University of Minnesota.
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ally have low levels of calcium intake (Nishimune etal., 1993). Most studies
that assess the effect of fiber intake on mineral status have looked at
calcium, magnesium, iron, or zinc.

Calcium. Most studies investigating the effects of cereal, vegetable, and
fruit fibers on the absorption of calcium in animals and humans have
reported no effect on calcium absorption or balance (Spencer etal., 1991;
Wisker et al., 1991). However, some studies described a decrease in calcium
absorption with ingestion of Dietary Fiber under certain conditions (Knox
et al., 1991; O’Brien et al., 1993). Slavin and Marlett (1980) found that
supplementing the diet with 16 g/d of cellulose resulted in significantly
greater fecal excretion of calcium resulting in an average loss of approxi-
mately 200 mg/d. There was no effect on the apparent absorption of calcium
after the provision of 15 g/d of citrus pectin (Sandberg et al., 1983).

Magnesium. Studies report no differences in magnesium balance with
intake of certain Dietary Fibers (Behall et al., 1987; Hallfrisch et al., 1987,
Spencer et al., 1991). Astrup and coworkers (1990) showed no effect of
the addition of 30 g/d of plant fiber to a very low energy diet on plasma
concentrations of magnesium. There was no effect on the apparent
absorption of magnesium after the provision of 15 g/d of citrus pectin
(Sandberg et al., 1983). Magnesium balance was not significantly altered
with the consumption of 16 g/d of cellulose (Slavin and Marlett, 1980).

Iron and Zinc. A number of studies have looked at the impact of fiber-
containing foods, such as cereal fibers, on iron and zinc absorption. These
cereals typically contain levels of phytate that are known to impair iron
and zinc absorption. Coudray and colleagues (1997) showed no effect of
isolated viscous inulin or partly viscous sugar beet fibers on either iron or
zinc absorption when compared to a control diet. Metabolic balance studies
conducted in adult males who consumed four oat bran muffins daily
showed no changes in zinc balance due to the supplementation (Spencer
etal., 1991). Brune and coworkers (1992) have suggested that the inhibi-
tory effect of bran on iron absorption is due to its phytate content rather
than its Dietary Fiber content. However, the addition of 12 g/d of bran to a
meal decreased iron absorption by 51 to 74 percent, and the inhibition
was not explained by the presence of phytate (KM Simpson et al., 1981).

Gastrointestinal Distress. There are limited studies to suggest that chronic
high intakes of Dietary Fibers can cause gastrointestinal distress. The con-
sumption of wheat bran at levels up to 40 g/d did not result in significant
increases in gastrointestinal distress compared to a placebo (McRorie et
al., 2000). However, flatulence did increase with increased intake of Dietary
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Fiber (Bolin and Stanton, 1998; Tomlin et al., 1991). Adverse effects have
been observed under certain special circumstances. For instance, 75 to
80 g/d of Dietary Fiber has been associated with sensations of excessive
abdominal fullness and increased flatulence in individuals with pancreatic
disease (Dutta and Hlasko, 1985). Furthermore, the consumption of 160 to
200 g/d of unprocessed bran resulted in intestinal obstruction in a woman
who was taking an antidepressant (Kang and Doe, 1979).

Summary

Dietary Fiber can have variable compositions and therefore it is difficult
to link a specific fiber with a particular adverse effect, especially when
phytate is also often present. It is concluded that as part of an overall
healthy diet, a high intake of Dietary Fiber will not produce significant
deleterious effects in healthy people. Therefore, a Tolerable Upper Intake
Level (UL) is not set for Dietary Fiber.

Special Considerations

Dietary Fiberis a cause of gastrointestinal distress in people with irritable
bowel syndrome. Those who suffer from excess gas production can consume
a low gas-producing diet, which is low in dietary fiber (Cummings, 2000).

Hazard Identification for Isolated and Synthetic Fibers

Unlike Dietary Fiber, it may be possible to concentrate large amounts of
Functional Fiber in foods, beverages, and supplements. Since the potential
adverse health effects of Functional Fiber are not completely known, they
should be evaluated on a case-by-case basis. In addition, projections regard-
ing the potential contribution of Functional Fiber to daily Total Fiber intake
at anticipated patterns of food consumption would be informative. Func-
tional Fiber, like Dietary Fiber, is not digested by mammalian enzymes and
passes into the colon. Thus, like Dietary Fiber, most potentially deleterious
effects of Functional Fiber ingestion will be on the interaction with other
nutrients in the gastrointestinal tract. Data from human studies on adverse
effects of consuming what may be considered as Functional Fibers (if suffi-
cient data exist to show a potential health benefit) are summarized below
under the particular fiber.

Chitin and Chitosan

Studies on the adverse effects of chitin and chitosan are limited. A
study in rats fed up to 5 percent chitin for 13 weeks showed no adverse
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effects based on clinical signs, hematology, serum biochemistry, and histo-
pathology analysis (Niho et al., 1999).

Gums

Gastrointestinal Distress. While the adverse gastrointestinal effects of
gums are limited, incidences of moderate to severe degrees of flatulence
were reported from a trial in which 4 to 12 g/d of a hydrolyzed guar gum
were provided to 16 elderly patients (Patrick et al., 1998).

Allergic Reactions. Gums such as the exudate gums, gum arabic, and
gum tragacanth have been shown to elicit an immune response in mice
(Strobel et al., 1982). Occupational asthma caused by guar gum has been
reported (Lagier et al., 1990).

Inulin, Oligofructose, and Fructooligosaccharide

Cancer. When F-344 rats, known to have a high incidence of neoplastic
lesions, were given 0, 8,000, 20,000, or 50,000 ppm doses of fructooligo-
saccharide, the incidence of pituitary adenomas was 20, 26, 38, and 44 per-
cent, respectively (Haseman et al., 1990). The incidence was significantly
higher for intakes at 20,000 and 50,000 ppm. Clevenger and coworkers (1988)
reported no difference in the onset of cancer in F-344 rats fed 0, 8,000
(341 to 419 mg/kg/d), 20,000 (854 to 1,045 mg/kg/d), or 50,000 ppm
(2,170 to 2,664 mg/kg/d) doses of fructooligosaccharide compared with
the controls.

Development and Reproduction. Henquin (1988) observed a lack of
developmental toxicity when female rats were fed a diet containing 20 per-
cent fructooligosaccharide during gestation. When pregnant rats were fed
diets containing 5, 10, or 20 percent fructooligosaccharide during ges-
tation, no adverse developmental effects were observed (Sleet and
Brightwell, 1990).

Genotoxicity. Fructooligosaccharide has been tested for genotoxicity
using a wide range of test doses (0 to 50,000 ppm); the results indicated no
genotoxic potential from use of fructooligosaccharide (Clevenger et al.,
1988).

Gastrointestinal Distress. A number of studies have observed gastro-
intestinal distress (e.g., diarrhea, flatulence, bloating, and cramping) with



DIETARY, FUNCTIONAL, AND TOTAL FIBER 397

inulin, oligofructose, or fructooligosaccharide intake. Cramping, bloating,
flatulence, and diarrhea was observed at intakes ranging from 14 to 18 g/d
of inulin (Davidson and Maki, 1999; Pedersen et al., 1997). Consumption
of 5 or 15 g/d of fructooligosaccharide produced a gaseous response in
healthy men (Alles et al., 1996). Briet and coworkers (1995) reported
increased flatulence as a result of consuming more than 30 g/d of fructo-
oligosaccharide, increased bloating at greater than 40 g/d, and cramps
and diarrhea at 50 g/d. Increased flatulence and bloating were observed
when 10 g/d of fructooligosaccharide was consumed (Stone-Dorshow and
Levitt, 1987).

The role carbohydrate malabsorption plays in the onset of diarrhea
most likely depends upon the balance between the osmotic force of the
carbohydrate and the capacity of the colon to remove the carbohydrate via
bacterial fermentation. In order to evaluate the significance of osmolarity,
Clausen and coworkers (1998) compared the severity of diarrhea after
consumption of fructooligosaccharide and lactulose, both of which are
nonabsorbable carbohydrates. Although both carbohydrates are fermented
by colonic microflora, they differ in osmolarity. The osmotic force is twice
as high for lactulose as for frutooligosaccharide. In a crossover design,
12 individuals were given fructooligosaccharide or lactulose in increasing
doses of 0, 20, 40, 80, and 160 g/d. The increase in fecal volume measured
as a function of the dose administered was twice as high for lactulose as for
fructooligosaccharide; however, there was substantial interindividual varia-
tion in the response. The researchers concluded that fecal volume in
carbohydrate-induced diarrhea is proportional to the osmotic force of the
malabsorbed saccharide, even though most is degraded by colonic bacteria
(Clausen et al., 1998).

Allergic Reactions. Data on the allergenicity of inulin and oligofructose
is very limited. Anaphylaxis was observed following the intravenous
administration of inulin for determining the glomerular filtration rate
(Chandra and Barron, 2002). Separate episodes of anaphylaxis were ob-
served following the ingestion of artichoke leaves, a margarine containing
inulin extracted from chicory (Raftiline HP), and a candy containing inu-
lin (Raftiline HP) or oligofructose (Raftilose P95) (Gay-Crosier et al.,
2000). A skin-pricking test revealed hypersensitivity to each of the above
foods or ingredients (Gay-Crosier et al., 2000).

Pectin

Pectin has been shown to have a negligible effect on zinc retention in
humans (Lei et al., 1980). Also, Behall and coworkers (1987) found that
refined fibers had no effect on mineral balance as long as people were
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consuming recommended dietary allowance levels of iron and zinc when
fed as part of their control diet.

Polydextrose

Polydextrose has showed no reproductive toxicity, teratology, muta-
genicity, genotoxicity, or carcinogenesis in experimental animals (Burdock
and Flamm, 1999). In humans, no reports of abdominal cramping or
diarrhea were reported in men and women who were given up to 12 g/d
of polydextrose (Jie et al., 2000). Furthermore, there were no complaints
of abdominal distress with the consumption of 30 g/d of polydextrose
(Achour et al., 1994). However, flatulence and gas-related problems were
reported following the intake of 30 g/d of polydextrose (Tomlin and Read,
1988). Diarrhea was reported with the consumption of 15 g/d of poly-
dextrose; however, this symptom ceased after 1 month of intake (Saku et
al., 1991).

Psyllium

Gastrointestinal Distress. In a meta-analysis of eight studies regarding
psyllium intake, the authors found that psyllium was well tolerated and
safe (Anderson et al., 2000a). There have been certain situations in which
adverse effects have been observed. Esophageal obstruction was noted in
an elderly man who regularly took a “heaping” teaspoon with some water
(Noble and Grannis, 1984). Furthermore, an elderly woman who was given
2 tbs of a psyllium-based laxative three times daily suffered from small-
bowel obstruction (Berman and Schultz, 1980). It was determined that her
water intake was insufficient for this dose. Thus, psyllium generally does
not cause gastrointestinal distress provided adequate amounts of water are
consumed.

Cancer. In the European Center Prevention Organization Study, psyllium
(Functional Fiber) was provided at a level of 3.5 g/d (Bonithon-Kopp et al.,
2000). Patients (n = 655) with a history of colon adenomas were randomly
assigned to one of three treatment groups: 2 g/d of calcium, 3.5 g/d of
psyllium, or placebo. Participants in the study also had a colonoscopy after
3 years of follow-up. The adjusted odds ratio for colon adenoma recur-
rence for the psyllium fiber intervention was 1.67 (p = 0.042). The authors
concluded that supplementation with psyllium may have adverse effects
on colon adenoma recurrence.
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Allergic Reactions. Several reports of anaphylaxis have been reported
following the ingestion of psyllium-containing cereals (Drake et al., 1991;
James et al., 1991; Lantner et al., 1990). Subsequent IgE antibodies to
psyllium were confirmed in these reports. Symptoms of asthma have also
been reported in individuals exposed to psyllium powder (Busse and
Schoenwetter, 1975).

Resistant Starch

Ninety-one percent of individuals who consumed 32 g/d of RS, (retro-
graded starch; formed from the cooking and cooling or extrusion of
starchy foods) experienced flatulence and 41 percent reported bloated
feelings (Heijnen et al., 1998). Other gastrointestinal discomforts were
reported by 14 percent of those consuming 32 g/d of RSy, whereas only
5 percent of individuals consuming an equal amount of glucose reported
such discomforts.

Summary

While occasional adverse gastrointestinal symptoms are observed when
consuming some of the isolated or synthetic fibers, serious chronic adverse
effects have not been observed. Furthermore, due to the bulky nature of
fibers, excess consumption is likely to be self-limiting. Therefore, a UL was
not set for these individual fibers.

RESEARCH RECOMMENDATIONS

The relationship of fiber to health is of great importance, particularly
since novel fiber sources are appearing on the market, and these fiber
sources may or may not produce the same physiological effects as fiber
from traditional foods. Research that provides human data and does the
following is assigned the highest priority:

e Evaluate the protective effect of fiber against colon cancer in subsets
of the population by applying genotyping and phenotyping to those par-
ticipating in fiber and colon cancer trials. There also needs to be increased
validation of intermediate markers, such as polyp recurrence, and assess-
ment of functional markers (e.g., fecal bulk) and its relationship to these
endpoints.

® Conduct a dose-response study to determine the amount of fiber
that needs to be ingested to promote optimum laxation so that this could
form the basis for a recommendation for fiber intake and provide a basis
for determining functional fibers.
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e Attempt to relate changes in the colonic microflora due to fiber
ingestion to functional endpoints (e.g., decreased irritable bowel syndrome,
increased laxation).

¢ Conduct longer-term studies on low energy-dense food sources
(high in dietary fiber) and satiety and weight control to see if a higher
fiber diet will help with weight maintenance or promote adherence to
reduced calorie diets for weight reduction.

e Examine the relation between Dietary Fiber intake, energy intake,
and long-term body weight in existing prospective epidemiological studies
in addition to intervention studies.

® Conduct long-term studies on the effects of both viscous and whole-
grain cereal fibers on coronary heart disease and diabetes risk factors.
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