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TABLE 3.—DIETARY FIBER AND COLORECTAL CANCER: COHORT STUDIES
Study Type and location Subjects Methods Results Comments

Heilbrun et al., 1989 (Ref.
13).

Willet et al., 1990 (Ref.
49).

Cohort study, records
reviewed
retrospectively.
Hawaiian Japanese.

Prospective cohort..............

Subjects chosen from &
group of 8,006
Hawaiian Japanese.
102 colon cancer
cases; 60 rectal cancer
cases

88,751 subjects (female
nurses, 30-55 years
old) available for foliow
up; 150 cases of
adenocarcinoma of

Subjacts foliowed for
cancer occutrence for
17-20 yrs. Subjects
consumed usual diet.
Fiber calcutated from a
single 24 hr. recall
taken upon entry into
study in 1965-1968.
Range of calculated
dietary fiber intake was
1.3-43.2 g/day.
Method of calculating
dietary fiber not clear
from text.

Study of the relationships
between intakes of
meat, fat, and fiber and
colon cancer. Follow
up since 1976. Dietary

No effect of dietary fiber
on relative risk of colon
cancer in entire cohort.
When group was
divided in half (based
on median fat intake)
fiber conferred a
significant protective
effect only in the “low
fat” haif of the cohort.
Vegetables/fruits also
showed protective
effect.

No evidence for
protective effect of
crude dietary fiber on
colon cancer. High
intake of crude fruit

Authors consider results
“preliminary” because
limited #'s of cases
precluded definitive
analysis of fat effect.
As in many other DF
studies, fruits and
vegetables also
showed a protective
effect. Only one 24
hour dietary recall {15
years before end of
study) interview used
to assess fiber intake.
This may not
accurately assess
habitual diet.

colon. questionnaire used to
estimate fiber from
usual diets. Used crude
dietary fiber or

Southgate tables.

fiber, but not vegetable
or cersal fiber, was
protective. However,
adjusted for red meat
consumption, the effect
disappeared.
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SUMMARY: The Food and Drug
Administration (FDA) is announcing
that after review of the available
evidence, it tentatively finds that a basis
does not exist on which to authorize the
use on foods, including dietary
supplements, of health claims relating to
the association between dietary fiber
and cardiovascular disease. While an
association appears to exist between
consumption of fiber-rich foods and
reduced risk of cardiovascular disease,
FDA tentatively finds that if cannot
attribute this effect to the fiber itself.
Therefore, FDA specifically requests
comments on this topic. FDA has
reviewed the relationship between tais
dietary component and this disease
under the provisions of the Nutrition
Labeling and Education Act of 1990 (the
1990 amendments).

DATES: Written comments by February
25, 1992. The agency is proposing that
any final rule that may issue based upon

this proposal become effective 6 months
following its publication in accordance
with requirements of the 1990
amendments.

ADDRESSES: Written comments to the
Dockets Management Branch (HFA-
305), Food and Drug Administration, rm
1-23, 12420 Parklawn Dr., Rackville, MD
20857.

FOR FURTHER INFORMATION CONTACT:
Joyce ]. Saltsman, Center for Food
Safety and Applied Nutrition (HFF-285),
Food and Drug Administration, 200 C St.
SW., Washington, DC 20204, 202-485-
0316.

I. Background

A. The Nutrition Labeling and
Education Act of 1990

On November 8, 1990, the President
signed into law the 1990 amendments
(Pub. L. 101-535), which amended the
Federal Food, Drug, and Cosmetic Act
{the act). The 1990 amendments, in part,
authorize the Secretary of Health and
Human Services (the Secretary) to issue
regulations authorizing nutrient content
and health claims on the label or
labeling of foods. With respect to health
claims, the new provisions provide that
a product is misbranded if it bears a
claim that characterizes the relationship
of & nutrient to a disease or health-
related condition, unless the claim is
made in accordance with the procedures
and standards established under section
403(r)(1)(B) of the act {21 U.S.C.
343(r)(1)(B)).

Published elsewhere in this Federal
Register is a proposed rule to establish
general requirements for health claims
that characterize the relationship of
nutrients, including vitamins and
minerals, herbs, or other nutritional
substances (referred to generally as
“substance” to a disease or health
related condition on food labels and in
labeling. In this companion document,
FDA has tentatively determined that
such claims would only be justified for
substances in dietary supplements, as
well as in conventional foods, if the
agency determines, based on the totality
of the publicly available scientific
evidence (including evidence from well-
designed studies conducted in a manner
which is consistent with generally
recognized scientific procedures and
principles), that there is significant
scientific agreement, among experts
qualified by scientific training and
experience to evaluate such claims, that
the claim is supported by such evidence.

The 1990 amendments also require
(section 3(b)(2)(A)(ii), (b)(1)(A){vi), and
(b){1){A)(x)) that within 12 months of
their enactment, the Secretary shall
issue proposed regulations to implement
section 403(r) of the act {21 U.S.C. 343),
and that such regulations shall
determine, among other things, whether
claims respecting 10 tapic areas,
including dietary fiber and
cardiovascular disease, meet the
requirements of the act.

In this document, the agency will
consider whether a claim on food or
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food products, including dietary
supplements as well as conventional
foods, on the relationship between
dietary fiber and cardiovascular disease
would be justified under the standard
proposed in the companion document
entitled “Food Labeling: General
Requirements for Health Claims for
Food: Proposed Rule.”

B. Basis for Considering a Claim
Relating Dietary Fiber and
Cardiovascular Disease

1. Cardiovascular Disease

Cardiovascular disease is a major
public health problem in the United
States. Coronary heart disease (CHD) is
the most common, most frequently
reported, and most serious form of
cardiovascular disease. CHD and stroke
kill nearly as many Americans as all
other diseases combined.
Cardiovascular disease, primarily CHD
is also among the leading causes of
disability. These facts remain true
despite the dramatic decline over the
past 15 years in the death rate from
cardiovascular disease: 35 percent for
all cardiovascular disease, 40 percent
for CHD, and more than 50 percent for
stroke (Ref. 84). Changes in lifestyles,
risk factor reduttion, and medical
intervention are major contributors to
this decline (Ref. 64).

In order to be consistent with the
magnitude of the public health problem
and with the conclusions of the Federal
government and other reports from
recognized scientific bodies such as the
National Academy of Sciences (NAS})
and the Life Sciences Research Office
(LSRO) {Refs. 40, 48, 63, 85, and 66), the
focus of this document is CHD rather
than the broader area of cardiovascular
disease. CHD is not only considered to
be the most common and most serious,
but is also the earliest form of
cardiovascular disease, frequently
producing symptoms and health

problems in middle-aged adults (Ref. 48).

Despite a declining death rate from CHD
since the mid 1860's, CHD still accounts
for more deaths than any other disease
or groups of diseases (Ref. 63). More
than 1.25 million heart attacks occur
each year (two-thirds occur in men), and
more than 500,000 people die as a result
{Ref. 63). In the United States, it is very
common for significant pathogenesis of
CHD to occur without easily detectable
symptoms (Ref. 86). Thus, the total
affected population is considerably
larger than the statistics on death and
illness would indicate. In addition to its
impact on the nation's health, CHD costs
the U.S. economy over $50 billion
annually (Ref. 83).

2. Dietary Fiber

Dietary fibers are comprised of
components of plant materials that are
resistent to human digeative enzymes
(Refs. 39 and 46). These components are
predominantly nonstarch
polysaccharides and lignin and may
include, in addition, associated
substances (Ref. 48). To date, the best
documented and most accepted
nutritional role for dietary fibers is for
normal bowel function and health (Refs.
39, 49, and Canadian comments: FDA
Docket No. 91N-0099). 1t is generally
assumed that current fiber intakes in the
United States of 10 to 15 grams (g) per
day (8 to 7 g per 1,000 kilocalories (kcal)
are less than optimal for meeting these
needs (Refs. 36 and 38). Significant
increases in this level of intake have
been recommended frequently (Ref. 39).

Based on currently available
analytical methods, dietary fiber is
frequently measured as total dietary
fiber and as the subcomponents of
soluble and insoluble fibers (Ref. 39).
Until recently, epidemiologic and other
studies were not able to evaluate total
dietary fiber intake because the majority
of food composition tables contained no
values for total dietary fiber content of
foods. In addition, no standardized
definitions of dietary fiber or dietary
fiber components have been agreed
upon.

Naturally occurring fibers in food are
usually a mixture of the insoluble fibers
such as cellulose and lignin; soluble
fibers such as pectins, gums, and
mucilages; and combinations of soluble
and insoluble fibers such as
hemicelluloses (Ref. 40). The proportions
and types of fiber subcomponents vary
among foods {e.g., catmeal contains
relatively large amounts of soluble fiber,
and whole wheat bread contains
relatively large amounts of insoluble
fiber), and fiber content also varies
within a food item or food group
depending on the maturity of the plant,
storage and ripening conditions, and
food processing techniques used, if any.

In evaluating the biological effects
and health consequences of dietary fiber
intake, dietary fiber intake has been
expressed as:

(a) Total dietary fiber or as the major
fiber subcomponents (soluble and
insoluble fibers);

(b) Fiber-containing foods (e.g., whole
grains, legumes, fruits, vegetables);

(c) Fiber-rich food isolates {e.g., wheat
bran, oat bran, corn bran, soy iselates);
or

(d) Isolated and purified fibers (e.g.,
cellulose, pectins, lignin}.

3. Relationship of Dietary Fiber and
Cardiovascular Disease: Theoretical
Basis

Many risk factors contribute to the
development of cardiovascular disease,
and specifically to CHD. There is
general agreement that elevated blood
cholesterol levels are one of the major
“modifiable™ risk factors in the
development of CHD (Refs. 63 through
66). Federal government and other
review {Refs. 48 and 63 through 66) have
concluded that there was substantial
epidemiologic and clinical evidence to
indicate that high blood levels of total
cholesterol and low density lipoprotein
cholesterol (LDL-cholesterol) are
reliable indicators of the development,
severity, and rates of atherosclerosis
(inadequate circulation of blood to the
heart due to narrowing of the arteries)
and constitute a major contributor to
CHD (Refs. 48 and 83 through 68).
Factors that decrease total blood
cholesterol and LDL-cholesterol also
tend to decrease the risk of CHD, Thus,
it is generally accepted that total blood
cholesterol and LDL-cholesterol levels
can predict the risk of developing CHD,
and that dietary factors affecting blood
cholesterol levels are related to CHD
(Refs. 48 and 83 through 68).

Populations with relatively low serum
cholesterol levels tend to have dietary
patterns that are low in fat, especially
saturated fat and cholesterol, and that
are relatively high in fiber-rich foods
(e.g. fruits, vegetables, and whole grain
cereals) (Refs. 48 and 63 through 686).
Because of the relationship between
serum cholesterol and CHD, all current
dietary guidelines in the United States
recommend dietary patterns that are
likely to lower serum cholesterol levels:
Reductions in dietary intakes of fat,
saturated fat, and cholesterol and
increases in intakes of vegetables, fruits,
grain products, and cereal products
(Refs. 48, 82, 83, and 66).

The association between dietary
patterns rich in fibercontaining foods
and lower levels of serum cholesterol is
the theoretical basis for consideration of
the appropriateness of a health claim for
dietary fiber and reduced risk of
developing CHD, Various beneficial
health effects, including effects on lipid
(fat) metabolism, have been suggested
for fiber-containing foods and for
dietary fiber, particularly the soluble
dietary fiber component (Ref. 40). For
these reasons, FDA limited its review of
the relationship of dietary fiber and
cardiovascular disease to dietary intake
of soluble fiber effect on blood lipid
levels and to risk of developing CHD.
Based on conclusions from Federal
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government reviews, total blood and
LDL-cholesterol were accepted as valid
indicators of risk of developing CHD,
This focus is most consistent with
current dietary guidelines for the U.S.
population (Refs. 48 and 82 through 66).

(The relationship of dietary fiber to
cancer is addressed in a companion
document published elsewhere in this
issue of the Federal Register. The
relationship of cardiovascular disease to
lipids and to omega-3 fatty acids are
also addressed in companion documents
published elsewhere in this Federal
Register.)

C. Dietary Fiber: Regulatory and
Legislative History

1. Early Claims for use of Dietary Fiber

Health attributes for fiber-containing
foods have been claimed for over 100
years. Early interest focused on the
benefits of wheat bran as a promoter of
regular bowel function. Health claims
for wheat bran on breakfast cereal
packages became popular in the early
1800's, and the importance of adding
“bulk” in the diet by the addition of
dietary fiber appeared in advertisements
that promoted the benefits of certain
fibers as aids to digestion and to help
relieve constipation. Such health claims
on packages were mostly unregulated
until after the act deemed products that
carried such claims to be drugs and,
therefore, subject to requirements of
drug law. As a result, the use of heaith
claims on food products virtually
stopped until recently.

In 1941, the agency published
cegulations that included labeling
requirements for “non-digestible
carbohydrates” (8 FR 5921). At thdt time,
foods having a high fiber content were
valued because, when added to foods
such as bread, lower caloric density was
achieved. Based on the analytical
procedures available at that time, the
fibrous plant components of food had to
be labeled as “crude fiber.”

During the late 1970’s, FDA sought to
revise its regulations to include as fiber
other fractions of carbohydrates, in
addition to crude fiber, that are not
digested by human enzymes. In doing
8o, the agency noted that the scientific
evidence linking fiber to health
outcomes was limited. In the Federal
Register of December 21, 1979 (44 FR
75991}, the agency stated that “* * * the
relationship of dietary fiber to health
remains controversial,” Current § 105.66
(21 CFR 105.86) provides for the
declaration of nonnutritive substances,
but there is no regulation for declaration
of fiber.

2. Food Additive Status

Substances that are added to food
may be categorized based on their use
as generally recognized as safe (GRAS)
ingredients, food additives, or
substances subjeot to a sanction or
approval granted by the FDA or the
United States Department of Agriculture
(USDA) prior to 8eptember 6, 1958. The
use of substances may be GRAS under
the general principles set forth in
§ 170.30 (21 CFR 170.30), listed as GRAS
in part 182 (21 CFR part 182}, or affirmed
as GRAS in Part 184 (21 CFR part 184).
FDA's listings of food additives and
affirmations that the use of & substance
for direct addition to food is GRAS
generally include the particular food
categories in which (as defined in

~ §170.3(n)), and the specific technical

effects for which (as defined in
§ 170.3(0)), the substance may be used.
“Fiber” is not considered to be either
a food category or a technical effect
according to the above definitions, and
ingredients that are added to food are
therefore not regulated as “fiber.”
However, FDA has regulated a number
of isolated or purified fibers for specific
technical effects in various food
categories. For example, xanthin gum is
listed as a food additive for use as a
stabilizer, emulsifier, thickener,
suspending agent, bodying agent, or
foam énhancer (§ 172.845 {(21 CFR
172.695)); methyl cellulose is listed as a
multipurpose GRAS substance {(21 CFR
182.1480)): and pectins are affirmed as
GRAS for use as an emulsifier,
stabilizer, or thickener {§ 184.1588). Guar
gum is affirmed as GRAS for specific
conditions of use that include those as
an emulsifier, formulation aid, firming
agent, and thickener (§ 184.1339). Guar
gum has not been listed for use as a
source of fiber, and under some
circumstances, it has been shown to
cause esophageal blockage and thus to
be a health hazard. These and many
other gums and fiber sources have no
established history of food use, or safety
as fiber supplements.

3. Dietary Fiber as Subjects of Health
Claims

Prompted by the use (beginning in
1984} of information on high-bran cereal
packages that high fiber diets may
reduce the risk of cancer and by
issuance of interim dietary fiber
recommendations by the National
Cancer Institute, FDA proposed in the
Federal Register of August 4, 1987 (52 FR
28843}, food labeling regulations to
allow the use of health messages on
labels and food labeling. The agency
stated that food labeling could have an
important influence on the public’s food

choices, and that truthful, nonmisleading
health messages could increase
consumer's understanding of the health
benefits that can result from adhering to
a sound and nutritious diet. This
proposal set forth criteria for the
evaluation of health claims.

In the Federal Register of February 13,
1990 (55 FR 5176}, FDA published a
reproposed rule that revoked the 1987
proposal and proposed to establish
procedures permitting valid and reliable
consumer information on food labels.
The agency noted that the previous
proposal was too ambiguous to be
workable in preventing misleading
claims. FDA thus proposed to tighten the
requirements for health claims. The
agency also proposed to evaluate the
scientific evidence on six possible topics
for health claims, including dietary fiber
and cardiovascular disease.

On November 8, 1990, the President
signed the 1990 amendments, which
authorize FDA to issue regulations
concerning claims on the label or
labeling of foods that characterize the
relationship between a substance and a
disease or a health-related condition. As
stated above, this law identified 10
substance-disease topics, including
dietary fiber and cardiovascular
disease.

D. Evidence Considered in Reaching the
Decision

FDA has reviewed all relevant
scientific evidence on dietary fiber and
its effects on serum cholesterol. The
scientific evidence reviewed by the
agency included the summary,
conclusions, and recommendations of all
recent Federal government
comprehensive reviews and dietary
guidelines on this topic area: “The
Surgeon General's Report on Nutrition
and Health” (Ref. 83), the National
Cholesterol Education Program’s (NCEP)
“Report of the Expert Panel on
Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults” (Ref.
65), the NCEP “Population Panel Report”
(Ref. 86), the USDA and DHHS'
“Nutrition and Your Health: Dietary
Guidelines for Americans™ (Ref. 62), and
the DHHS' “Healthy People 2000,
National Health Promotion and Disease
Prevention Objectives” {Ref. 64).

The agenoy also reviewed the
evidence and conclusions in other
nongovernmental documents: The LSRO
report on "“Physiological Effects and
Health Consequences of Dietary Fiber”
(Ref. 39), the National Research
Council's (NRC) "Diet and Health,
Implications for Reducing Chronic
Disease Risks” (Ref. 48), the NRC's
“Recommended Dietary Allowances”



Federal Register / Vol. 56, No. 220 / Wednesday, November 27, 1691 / Proposed Rules

30585

(Ref. 49), and World Health
Organization's (WHO) “Diet, Nutrition,
and the Prevention of Chronic Diseases”
(Ref. 71).

The agency updated these reports by
independently reviewing all human
studies and all reviews published since
the Federal government and other
authoritative documents completed their
reviews of the literature. FDA
considered animal studies to the extent
that they helped explain possible
mechanisms of action. FDA also
contracted with LSRO to independently
evaluate current evidence since their
1987 fiber report. A summary of the
LSRO report, “Dietary Fiber and
Cardiovascular Disease™ (Ref. 40) is
included in this review.

Finally, to ensure that its review of
relevant evidence was complete, FDA
requested, in the Federal Register of
March 28, 1991 (56 FR 12932), scientific
data and information on the 10 specific
topic areas identified in section
3{b)(1)(A) of the 1990 amendments.
Dietary fiber and cardiovascular disease
were among the 10 subjects for which
the agency requested information.

E. Summary of Comments in Response
to FDA Request for Scientific Data and
Information

FDA received 1 comment in response
to the February 13, 1990 reproposed final
rule and 19 comments in response to the
notice in the Federal Register of March
28, 1991 (56 FR 12932), concerning
dietary fiber and CHD health claims.

One comment from a representative of
industry was received in response to the
reproposed final rule. Based on the
findings of several authoritative
documents and a review of additional
references published since 1988, the
comment suggested that the currently
recommended low fat/low cholesterol
diet could be made more effective in
lowering blood cholesterol and risk of
CHD by the inclusion of soluble fiber.

Of the 19 comments received in
response to the March 28, 1991 notice
requesting scientific data on dietary
fiber and cardiovascular disease {under
Docket No. 91N-0099), 13 were from
industry; 4 from professional
organizations; 1 from a consumer; 2 from
health professionals; 2 from scientists;
and 1 from the Government of Canada.
The industry comments included
primarily literature reviews and
unpublished studies, which were
included in FDA's science review of the
scientific evidence. One food company
did not support health claims on dietary
fiber and risk of developing heart
disease because of the multifactorial
nature of the disease and the
seriousness of the disease and suggested

that medical intervention is required for
proper diagnosis and monitoring of heart
disease. All other industry and trade
submissions supported the use of health
claims.

Of the six comments from
professional organizations, three
submitted research reports generally
supporting a health claim. Another
called attention to the need for caution
to avoid consumer misunderstanding.
One comment pointed to the need to
consider the overall diet context.
Another took the position that the data
on fiber and cardiovascular diseases are
insufficient to support a claim.

The citizen comment included a
literature search but no comment about
the health claim issue.

The two comments from health
professionals were divided. Although
both provided data supporting their
individual position, one was in favor of
health claims and the other was not.

The Director General, Food
Directorate, Health and Welfare,
Canada, submitted information on the
regulatory status of health claims in that
country, The Canadian government is
not in favor of health claims on fiber-
containing foods because it is difficult to
disassociate the metabolic effects of
complex carbohydrates and the low fat
content of these diets from those of
dietary fiber. The comment said that this
finding does not diminish the
importance of diet as a factor in the
maintenance of health but reinforces the
importance of the whole diet rather than
the contribution of individual
components. Interactions between
nutrients and between nutrients and
nonnutrient components of the diet
probably alter the likelihood of disease.

I1. Review of Scientific Evidence

A. Federal Government Documents

Several Federal government
documents (Refs. 62 through 64, 86, and
67) have concluded that the evidence for
a role of dietary fiber in lowering the
risk of cardiovascular disease, and more
specifically CHD, is inconclusive.

The Surgeon General's Report (Ref.
63) comprehensively reviewed human
and animal studies on CHD and blood
cholesterol and noted that an extensive
body of evidence supported by
epidemiologic, metabolic, and animal
studies has established the relationship
among intake of saturated fat, high
blood cholesterol, and increased rates of
CHD (Ref. 63). The report also noted
that based on ecclogical studies in
several countries, dietary intakes that
are high in starch (e.g., 60 to 70 percent
of calories), such as those in Asian
countries, are associated with low

plasma cholesterol and a low rate of
CHD. These diets tend to be high in
fiber, lower in energy, and very low in
fat, especially saturated fat and
cholesterol. Several short-term clinical
studies that were reviewed showed an
association between water-soluble fiber
fractions, such as oat bran, guar gum,
and pectin, and cholesterol-lowering
effects in hypercholesterolemic subjects
(Refs. 7, 22, and 32}. The report
concluded that current evidence
suggests the prudence of increasing
consumption of whole grain foods and
cereal products, vegetables {including
dry beans and peas} and fruits (Ref. 83).

The recommendations of the NCEP
(Refs. 85 and 88) are based on the goals
of reducing blood cholesterol, and low
density lipoprotein (LDL) cholesterol in
particular, and providing a diet that is
nutritious and palatable (Ref. 65), The .
LDL-cholesterol levels are directly
correlated with risk for CHD {Ref. 65).
The NCEP report concluded that
changing American eating patterns will
help lower blood cholesterol levels, thus
reducing the risk of developing CHD. In
this regard, the panel recommended
lowering the intake of dietary saturated
fatty acids, total fat, and cholesterol,
and increasing the intake of fruits,
vegetables, whole grain products, and
legumes. These food items will help
meet nutritional needs for minerals,
vitamins, dietary fiber (including soluble
fiber), and complex carbohydrates (Ref.
66).
The USDA/DHHS report “Nutrition
and Your Health: Dietary Guidelines for
Americans” {Ref. 82) concluded that
dietary fiber is important for proper
bowel function and to reduce symptoms
of chronic constipation, diverticular
disease, and hemorrhoids. It stated that
“populations like ours with diets low in
dietary fiber and complex
carbohydrates and high in fat, especially
saturated fat, tend to have more heart
disease * * *” (Ref. 82). The dietary
guidelines noted the possibility that the
benefit from a diet with more fiber may .
be from the food or component of the
food providing the fiber rather than from
the fiber alone. The USDA/DHHS
dietary guidelines recommended
choosing a diet with plenty of
vegetables, fruits, and grain products.

In “Healthy People 2000,” the Public
Health Service and DHHS identified
increased consumption of complex
carbohydrates and fiber-containing
foods by adults as a specific risk
reduction objective (Ref. 84).
Recommendations included increasing
consumption of vegetables (including
legumes) and fruits to five or more
servings daily, and increasing
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consumption of grain products to six or
more daily servings. The report noted
that dietary patierns with higher intakes
of vegetables {including legumes). fruits,
and grain products are associated with a
variety of health benefits, including
decreased risk for some types of cancer
(Ref. 65). It was also noted that the
association between diets high in
complex carbohydrates (and fiber} and
reduced CHD and diabetes mellitus is
difficult to interpret because such diets
tend to be lower in energy (calories) and
fats, especially saturated fat and
cholesterol. “Further research is needed
to clarify whether the effect of dietary
fiber on blood lipids is an independent
effect, and if so, to quantify the
relationship. (Ref. 64).

B. Other Review From Recognized
Scientific Bodies

Several other comprehensive reviews
from recognized scientific bodies on the
role of nutrition and health have been
published in recent years (Refs. 39, 40,
48, 48, and 71). The conclusions reached
in these reports are similar to those
reached in the Pederal reports noted
above.

In 1985, the Department of national
Health and Welfare, Health Protection
Branch, of the Canadian government
convened an expert advisory committee
to evaluate dietary fiber issues (Ref. 46].
This committee noted that the
relationship between the physico-
chemical properties of dietary fibers and
their physiological effects is difficult to
evaluate partly due to the complexity of
the interactions of mixed fibers in foods
and in some instances, lack of
uniformity in testing procedures. They
recommended that manufacturers of
food products to which nonnative and/
or novel fibers have been added to
increase dietary fiber content may be
required to provide evidence
substantiating the safety and efficacy of
these products in terms of accepted
physiclogical effects. Nonnative fibers
were defined as fibers from traditional
foods but not naturally occurring in the
foods to which they bave been added:
novel fibers are those which have not
traditionally been part of the human
diet. They also recommended that
manufactures of products which have
been substantially enriched with native
fibers should alsc be prepared to
provide proof of efficacy on request.
They noted that evidence is lacking that
commercially produced products
containing some of these materials will,
when consumed, produce effects that
the public has eome to expect of fiber
containing foods. They recommended
more research to elucidate physiological
forles of dietary fiber.

LSRO, in its 1987 report entitled
“Physiological Effects and Health
Consequences of Dietary Fiber” {Ref.
38), concluded that dietary fiber is an
integral part of a healthy diet. However,
LSRO stated that the available evidence
is not sufficient to support specific,
quantitative recommendations on the
role of dietary fiber for the prevention of
specific diseases in the general, healthy
population. LSRO recommended,
therefore, that a wide variety of fiber-
rich foods be consumed, such as whole
grain products, fruits, vegetables and
legumes, because of the diversity of
effects of various components of dietary
fiber. The report stated that the foods
eaten in the amounts suggested would
provide about 20 to 35 g of dietary fiber
per day (approximately 10 to 13 per
1,000 kcal) for the healthy, adult
population (Ref. 39).

The 1988 NRC, NAS report, “Diet and
Health—Implication for Reducing
Chronic Disease Risk™ (Ref. 48}
reviewed epidemiologic and clinical
studies and noted that increased
consumption of fiber-rich foods was
associated with a lower risk of
developing CHD and other diseases.
Diets providing 45 g of dietary fiber from
fresh fruits, vegetables, and legumes
{Refs. 20, 23, and 29}, and with an
isocaloric replacement of either sugar or
bread with a mixture of vegetables
providing 40 g per day of dietary fiber
(Ref. 21}, were associated with lower
blood cholesterol levels. The NAS report
concluded that although epidemiologic
and clinical studies indicate that a diet
consisting of complex carbehydrate and
high-fiber foods may be associated with
a lower risk of CHD, colon cancer,
diverticulosis, hypertension, or gallstone
formation, there is “ne 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”
(Ref. 48). The NAS report recommended
increased consumption of vegetables,
fruits, breads, cereals, and legumes (Ref.
48).

The WHO report “Diet, Nutrition, and
the Prevention of Chronic Diseases”
(Ref. 71), stated that dietary factors are
known to influence the development of a
wide range of chronic diseases,
including CHD. The report stated, the
“affluent” type of diet that often
accompanies economic development is
energy (calorie}-dense. People
consuming these diets characteristically
have a high intake of fat {especially
saturated fats) and free sugars and a
relatively low intake of complex
carbohydrates (from starchy, fiber-
containing foods).” All of these factors

influence serum cholesterol and their
combined effects “may be important in
modifying the rate of progression of
atherosclerosis.”

Based on direct experimental
evidence concerning the association
between dietary fiber, stool bulk, and
intestinal transit time, WHO
recommended a lower limit of intake of
16 grams per day of dietary fiber
(nonstareh polysaccharides) and an
upper limit of 24 g per day. This goal is
consistent with an intake of about 27 to
49 g per day of total fiber, which
includes other fiber components {Ref.
71).

The 1991 LSRO report “Dietary Fiber
and Cardiovascular Disease” (Ref. 39)
reviewed epidemiological studies since
LSRO's 1887 report and found no new
evidence to support reduced risk of CHD
from an intake of dietary fiber and
particularly soluble fiber. LSRO found
that studies suggest that soluble fiber is
hypocholesterolemic, while insoluble
fiber is not. “Whether the observed
effects result strictly from the fiber or
from other components of the fiber-rich
food or to a combination of these
remains to be determined. (Ref. 39). The
report also noted that it is also not
known if a fiber present in a food is the
same as when it has been extracted and
purified.

C. Review of the Scientitic Evidence:
Evidence for an Association Between
Intake of Soluble Dietary Fiber and
Cgronary Heart Disease

All of the government and ather
reviews by recognized scientific bodies
cited above reviewed the evidence for
an association between the intake of
dietary fiber and CHD, one of the major
cardiovascular diseases. It has been
established that appropriate dietary
intervention, resulting in lower serum
total cholesterol, can reduce the
incidence of CHD and hence the
incidence of cardiovascular disease
(Ref. 66; companion document on
proposed rules for Health Claims: Lipids
and Cardiovascular Disease). The
review of studies that follows will also
focus, as in the Federal government and
other reviews by recognized scientific
badies, on evidence for the beneficial
effects of dietary fiber, specifically
soluble dietary fiber, on lowering blood
total and LDL-cholesterol levels with the
ultimate outcome of reduced risk of
developing CHD.

The comprehensive government an
other reviews by recognized scientific
bodies concluded, based on evidence
presented to date, that dietary patterns
that included fiber-rich foods were
associated with lower levels of blood
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cholesterol and hence lower rates of
CHD. Additionally, these reports
suggested that if fiber has an effect on
serum cholesterol levels, it is probably
related to the soluble dietary fiber
component, rather than to total, or
insoluble, dietary fiber. However, these
reports also noted the lack of evidence
that would substantiate that it is the
soluble fiber component of these foods,
rather than some other concomitant
change in nutrient intake or weight
control, that is the responsible agent for
these associations. For this reason, the
nutrition guidelines that have been
promulgated have emphasized changes
in dietary patterns rather than
specifically focusing on changes in
soluble fiber intakes.

The agency, therefore, concluded that
to provide adequate support for a role
for dietary fiber, and in particular
soluble dietary fiber, in reducing the risk
of CHD, the updated evidence would
need to specifically show that soluble
dietary fiber at some specific level in the
total diet has an effect.

1. Criteria for Selection of Human
Studies

The agency evaluated all human data
published after 1987, the time at which
the NAS report (Ref. 48} completed it's
review of the scientific evidence. The
criteria that the agency used to select
pertinent recent studies required that
the studies:

(1) Present primary data and adequate
descriptions of study design and
methods;

{2) Be available in English;

(3) Include estimates, or enough
information to estimate, soluble dietary
fiber intakes;

(4) Include direct measurement of
blood total cholesterol and other blood
lipids related to CHD;

(5) For intervention studies, be
conducted for a long enough duration to
reasonably assure stabilization of blood
lipids (greater than or equal to 3 weeks
duration); and

{6) Be conducted in persons who
generally represent the healthy U.S.
population {adults with blood total
cholesterol levels less than 300
miligrams (mg) per deciliter (dl).

2. Criteria for Evaluation of Human
Studies

FDA evaluated the results of studies
against general criteria for good
experimental design, execution, and
analysis. The criteria that the agency
used in evaluating these studies
included reliability and accuracy of the
methods used in nutrient intake
analysis, including measurements of
total dietary soluble fiber and total

dietary fiber; measurement of study
endpoints (i.e., blood total cholesterol
and other blood lipids related to CHD);
and general study design characteristics,
including randomization of subjects,
appropriateness of controls, selection
criteria for subjects, attrition rates
{(including reasons for attrition),
potential for misclassification of
individuals with regard to dietary
intakes, presence of recall bias and
interviewer bias, recognition and control
of confounding factors {for example,
intake of saturated fat and other
nutrients, monitoring body weight, and
control of weight loss), appropriateness
of statistical tests and comparisons, and
statistical power of the studies.

The availability of information on the
total dietary fiber and total dietary
soluble fiber content of baseline,
treatment and control diets; the soluble
fiber content of the test substance; and
nutrient intakes were deemed highly
desirable. In many cases, analytical or
calculated values were not given for
total fiber or for total soluble fiber
components of the test diet, although in
some cases, it was possible to roughly
estimate soluble fiber values above
baseline levels from available data on
the amount and type of test material
added to the diet.

Several research reports were based
on studies of only a few weeks duration.
To ensure that results were not
reflective of transient changes, such as
failure of blood cholesterol levels to
stabilize to the dramatic changes in
dietary patterns that occur with the
introduction of large amounts of test
substances, studies with treatment
periods of less than 3 weeks were not
considered in the agency’s evaluation of
scientific evidence.

The agency excluded studies that
were published in abstract form because
they lacked sufficient detail on study
design and methodologies, and because
they lacked necessary primary data.
Studies using special population groups,
such as insulin-dependent diabetics,
individuals with very high serum
cholesterol {mean greater than 300 mg
per dL), children with
hypercholesterolemia, and persons who
had already experienced a myocardial
infarction were also generally not
weighed heavily because the relevance
of health claims for the general healthy
U.S. population is the key question.
(Descriptions of all available studies
are, however, included in Table 1).

3. Summary of Human Studies

Responses of blood cholesterol levels
to dietary treatment are affected by
many factors, including initial (baseline}
blood cholesterol levels and dietary

factors (i.e., the level of saturated fat
and cholesterol in the diet) (Refs. 48, 85,
and 68). Previous reviewers have
generally concluded that in persons with
relatively higher baseline levels of blood
cholesterol, responses to treatment
protocols tend to be of larger magnitude
than is seen in persons with more
normal blood cholesterol levels (Refs.
48, 65, and 66). For this reason, FDA
separately evaluated studies on mildly
to moderately hypercholesterolemic
individuals (persons with elevated blood
total cholesterol levels of 200 to 300 mg
per dL) and normocholesterolemic
individuals (persons with normal blood
total cholesterol levels, less than 200 mg
per dL). Since dietary intakes of
saturated fat and cholesterol may also
affect blood cholesterol levels, FDA also
separated its review of studies on the
basis of whether fiber effects are being
evaluated as part of a “typical”
American diet (approximately 37
percent of calories from fat, 13 percent
of calories from saturated fat, and
greater than 300 mg of cholesterol daily),
or whether the test protocols are
incorporated into a Step I or similar
(e.g., American Heart Association)
dietary regimen (less than 30 percent of
calories from fat, less than 10 percent of
calories from saturated fat, and less
than 300 mg cholesterol daily). Detailed
summaries of the reviewed studies are
in Table 1.

a. Hypercholesterolemics: “typical” or
“usual” diets. In two metabolic ward
studies of 3 weeks duration (Refs. 3 and
4), soluble fiber intakes of 7 to 8 g per
day were associated with reductions of
8 to 12 percent in blood total cholesterol
level as compared to baseline levels, In
both studies, groups experienced some
weight loss (approximately 2 to 3
pounds) during the study period. In one
study (Ref. 4), bload total cholesterol
levels were measured several times
throughout the study. The lowest values
were observed at an intermediate time;
that is, the initial drop in blood
cholesterol levels was followed by a
trend towards return to baseline levels
at the end of the 3-week test period.

In a randomized, controlled,
intervention study where subjects were
free-living, Van Horn et al. (Ref. 69)
assigned 80 men and women {25 to 78
years; serum cholesterol of 213 to 285 mg
per dL) to either a control group (regular
diet) or a test group which consumed
their regular diet plus a cereal providing
2 g of soluble fiber daily. After 4 weeks
of intervention, the test group, as
compared to the control group, had
significantly different dietary intakes for
a number of nutrients, including higher
intakes of soluble and total fiber, and
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lower intakes of saturated fat and
cholesterol. Blood total cholesterof and
LDL-cholesterol levels in the test group
decreased by 8 percent and g percent,
respectively, with no change in the
control group.

Kahn et al. {Ref. 25), in a randomized,
controlled, intervention study added
four muffins containing a total of 6 g of
soluble fiber to the daily diets of 16 free-
living men and women. After 3 weeks,
there were no significant differences in
total blood cholesterol levels between
test and controt groups.

Kesaniemi et al. (Ref. 27),in a
randomized, self-controlled, cross-over,
intervention study, monitored 34 free-
living men (serum cholesteral 223 to 238
mg per dL} who consumed a low fiber
diet (3 soluble fiber daily) or a high fiber
diet {13 g soluble fiber} for 8 weeks.
When consuming the high fiber diet,
blood total and LDL-cholesterol levels
decreased significantly (5 percent and 7
percent, respectively). The high fiber
group consumed significantly higher
levels of vegetables, cereal, fruits, and
berries, compared to the low-fiber group.

Kestin et al. (Ref. 28], in a randomized,
double-blind controlled, cross-over
study, fed diets containing 8, 7, or 10 g of
soluble fiber per day to 24 men (29 to 61
years; serum cholesterol 186 to 293 mg
per dL} for 4 weeks. The sources of
soluble fiber varied among test groups.
Compared to baseline, subjects
consuming 10 g of soluble fiber per day
had a significant decline in blood total
cholesterol (5 percent), with the
decrease mainly in the LDL-cholesterol
fraction. The other levels of soluble fiber
did not cause significant lowering of
serum cholesterol.

In a 12-week randomized, double-
blind, cross-over intervention study with
two 6-week test periods and a 3-week
washout between treatments, Lo and
Cole (Ref. 43} fed diets containing 13 or
24 g total dietary fiber per day to 12 men
and 8 women {27 to 60; serum
cholesterol of 210 to 279 mg per dL). The
difference in total dietary fiber intakes
between the two protocols was due to
the addition of soy fiber to the test diet.
(Soy is a relatively rich source of soluble
dietary fiber). The effects on blood
cholesterol differed depending on order
of dietary treatment. If soy-enriched
diets were fed first, bloed total and LDL~
cholesterol levels decreased by 8
percent and 7 percent, respectively,
compared to baseline. A significant
decline {5 percent} in the LDL-
cholesteral levels of the placebo group is
also observed. However, when say-
enriched diets were fed after the base
diet, there was na effect on blood
cholesterol levels. Thus, mast changes in
blood cholesterol levels occurred during

the first 8 weeks of treatment, regardless
of diet group.

The effect of beta-glucan, a particular
type of soluble fiber, was evaluatedin s
randomized, cross-over, intervention
study by Mclntash et al. {Ref, 44).
Twenty-one men (30 to 59 years; serum
cholesterol 208 to 270 mg per dL)
received a diet containing either 8 or 1.5
g added beta-glucan daily for 4 weeks.
Total soluble fiber intakes from the two
diets were held constant at 13 g per day.
Treatment order has an effect, with the
group receiving the beta-glucan-enriched
diet first showing no changes in serum
total cholesterol, while those consuming
this diet as the second dietary protocol
showed a decline in blood cholesterol
levels.

The effectiveness of high dietary fiber
on the blood cholesterol levels of men
who had already suffered heart attacks
was studied by Burr et al. (Ref. 13). Ina
2-year intervention study, over 2,000
men {mean age 56 years} were randomly
assigned to several diet groups. One
group was given advice to decrease fat
intake to less than 30 percent of calories
and to increase the ratio of
polyunsaturated fat to saturated fat.
Another group was advised to increase
cereal fiber intake to 18 g per day. There
were no significant differences in total
mortality or in blood cholesterol levels
between these groups.

Bulk laxatives (e.g., psyllium) or gums
have been used in several study
protocols as sources of supplemental
soluble dietary fiber. Stewart et al. {Ref.
55), in an intervention study, compared
blood cholestercl levels of 175 elderly
(mean age 77 years} who had consumed
a bulk laxative rich in soluble fiber for
at least 1 month with those who had not
been users of these products. The period
of use of the bulk fiber supplement
ranged from 1 month to 1 year. Those
taking greater than 15 g of supplemental
soluble fiber per day had a 4 percent
lower total blood cholesterol level than
those taking less than 8 g of
supplemental soluble fiber per day. The
use of supplemental fiber without
specification as to amount versus no use
of supplemental fiber was not
associated with any differences in blood
chalesterol levels.

In a controlled intervention study,
Mclvor et al. (Ref. 45) gradually
increased the soluble fiber intakes of 8
obese men and women with noninsulin
dependent diabetes (ages 45 to 50 years;
mean serum cholesterol 222 mg per dL)
by increasing consumption of grancla
bars enriched with a concentrated
source of soluble fiber. Up to 22 g of
supplemental scluble fiber were
consumed per day in addition to that
contained in subject's usual diets. After

6 months, serum total cholesterol levels
did not differ significantly from baseline
levels.

Superko et al. (Ref 56), in a
randomized, single blinded, cross-ocver
study, evaluated the relative effects of
twao different types of an isolated
soluble fiber source on blood chalesterol
levels of 50 men {38 to 63 years; serum
cholesterol of 205 to 282 mg per dL). The
fiber supplement added approximately
10 of soluble fiber daily to the regular
diet. Although differences were
observed in blood cholesterol levels
after 4 weeks, at the end of 8 weeks
there was no significant difference
between the fiber supplement and the
placebo groups.

Twenty-six men (30 to 65 years; serum
cholesterol 188 to 314 mg per dL}
consumed their regular diets and also
consumed either a bulk laxative rich in
soluble fiber or a placebo prior to each
meal for 8 weeks in a randomized,
parallel, double-blinded, placebo-
controlled, intervention study {Ref. 8}.
The fiber supplement added
approximately 8 to 9 g of soluble fiber to
the regular dietary intake. From
baseline, the group on the soluble fiber-
enriched protocal had a significant
decrease in blood total cholesterol {15
percent} and LDL-cholesterol (20
percent).

In summary, several studies were
reviewed in which conventional foods
high in soluble fiber (e.g., beans or
oatmeal} or enriched with soluble fibers
{baked goods with added wheat, barley,
or oat brans} (Refs. 3, 4, 13, 25, 27, 28, 43,
44, and 89} were used {o increase the
soluble fiber intakes of subjects. The
study durations ranged from 3 weeks to
8 weeks, except for ane 2-year study
which was of limited value since it did
not provide information on soluble fiber
intakes (Ref. 13}. Although information
on total intakes of soluble fiber was not
always provided, there was enough
available information to make crude
estimates of intake. These estimates
suggested that, under study conditions
used, intakes of soluble fiber above 8 to
12 g per day were generally associated
with reductions in blood total and, when
measured, LDL-cholesterol levels. The
potential for differences in effectiveness
among different sourceg of dietary fiber
when total intakes are similar was
suggested by two studies {Refs. 27 and
28) and by the equivocal results from
several isolated sources of soluble fiber
(Refs. 8, 45, 55, and 56).

Several studies used isolated sources
of soluble fiber (psyllium and guar gum}
either under s\andard pharmacological
conditions in bulk form with meals
(Refs. 8 and 55) or incorporated into
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baked goods (Ref. 45) to increase soluble
fiber intakes. Duration of studies ranged
from 8 weeks to 1 year. Generally, much
higher intakes of soluble fiber were
achieved (15 or more per day) with use
of supplements as compared to foods
(approximately 2 to 12 g daily). One
study of 8 months duration (Ref. 45)
showed no effect on blood cholesterol
levels, although the small sample size
(n=8) may lack adequate statistical
power. Another study showed rather
small changes in blood cholesterol
levels (4 percent) with 175 subjects
consuming high (15 g or miore) versus
low (less than 8 g) of supplemental
soluble fiber for 1 month to 1 year. Use
versus nonuse of supplements showed
no relationship to blood cholesterol
levels. A third study showed 15 and 20
percent reductions in blood total and -
LDL-cholesterol after consuming 8to9g
of supplemental fiber for 8 weeks (Ref.
8). Finally, results of a fourth study
suggested that effects may be transient
(Ref. 56), with effects observed at 4
weeks disappearing by the end of 8
weeks.

b. Hypercholesterolemics: Step 1
diets, In several studies, the relative
effectiveness of Step 1 diets (less than
30 percent calories as fats, less than 10
percent calories as satuated fat, and less
than 300 mg cholesterol daily) with and
without added soluble fiber were
evaluated. In a metabolic ward study,
Anderson et al. (Ref. 5) fed Step 1 diets
containing 9 g soluble fiber per day to 10
men {40 to 70 years; serum cholesterol
200 to 320 mg per dL) for 3 weeks. The
baseline diet contained 3 g soluble fiber
daily. There were no significant
decreases in total blood cholesterol
following consumption of the high fiber
diet, but LDL-cholesterol decreased
significantly from baseline levels (8
percent decline).

Little et al. (Ref. 42), in a controlled
intervention study, examined the effect
of 4 types of dietary intervention on
blood total cholesterol levels of 184 free-
living men (58 to 61 years; serum
cholesterol 240 to 267 mg per dL). After 8
weeks, declines in serum cholesterol
were the same (approximately 5
percent) for both a low fat diet alone
and for a low fat, high fiber diet {total
dietary fiber of 40 to 45 g per day; no
data on soluble fiber). The authors
suggested that low fat rather than
increased levels of dietary fiber were
responsible for changes in serum
cholesterol.

Demark-Wahnefried et al. (Ref. 16), in
a randomized intervention study,
monitored blood cholesterol levels in 81
men and women (20 1o 85 years, mean
baseline serum cholesterc! of 271 mg per

dL) consuming one of four dietary
protocols for 12 weeks: Step 1 diet alone,
Step 1 diet plus added soluble fiber from
50 g of at bran, regular diet plus 50 g of
oat bran, and regular diet plus 42 g of
processed cat bran. Declines in serum
cholesterol occurred in all groups. Blood
cholesterol levels of gronps consuming
diets containing the higher soluble fiber
(approximately 4 g added soluble fiber
daily) did not differ from groups on a
dietary regimen modified only in fat and
cholesterol content.

Levin et al, (Ref. 37}, in a randomized,
double-blind, intervention study,
followed 58 men and women (21 to 70
years; baseline serum cholesterol of 235
to 245 mg per dL) who consumed a Step
1 diet for 8 weeks followed by 16 wecks
of treatment with a placebo or
concenirated soluble fiber source. The
total soluble fiber intake of the test diet
was estimated at 15 g per day compared
to intakes of 6 to 8 g daily on the Step 1
diet alone. The group consuming the
high soluble fiber diet showed a
significant decrease in total and LDL-
cholesterol {8 and 9 percent,
respectively) from baseline.

Several studies examined the effect of
type of fiber on blood cholesterol levels.
Keenan et al. (Ref. 26), in a randomized,
controlled, double-blind, intervention
study with cross-over, used a 6-week
pretreatment period to adapt subjects to
a Step 1 diet. Then, holding total soluble
fiber intakes constant at approximately
6 to 7 g per day, the relative
effectiveness of wheat versus cat
cereals as the fiber-enriching scurce
were compared. Effects on blood
cholesterol levels varied, depending on
the order of feeding of the diets
supplemented with oat bran or wheat
cereal. Interpretation of resulis was
further complicated by the fact that the
control group showed an initial decline
in blood cholesterol levels followed by a
return to baseline at the end of the
study.

Bell et al. (Ref. 12), in a randemized,
double-blind controlled, intervention
study, compared the effects of three
diets containing corn flakes (control),
pectin-enriched, or psyllium-enriched
cereals. Fifty-eight subjects {24 to 69
years; serum cholesterol 227 to 229 mg
per dL) consumed Step 1 diet for 8
weeks followed by 6 weeks on the
cereal plus Step 1 diets. Total soluble
fiber intake for the three diets was
relatively constant at 6 to 8 g per day.
Blood total and HDL-cholestercl was
decreased significantly (8 percent) on
the psyllium-enriched but not the pectin-
enriched diet.

Several studies evaluated the
effectiveness of beta-glucan, a pariicular

type of soluble fiber found in oat
products. In a randomized, controlled,
intervention study, 351 men and women
(20 to 60 years, serum cholesterol 200 to
300 mg per dL) were assigned to one of
three dietary regimens: regular diet, Step
1 diet, or Step I diet plus the addition of
about 10 g total dietary fiber (7to 8 g
soluble fiber as beta-glucans) (Ref. 10).
There was variable weight less among
treatment groups. No data were
provided on total soluble fiber content
of the diets. After 8 weeks, reductions in
blood total and LDL-cholesterol
(decreases of 8 and 10 percent,
respectively) were greater with the Step
1 diet than with no dietary change.
Somewhat higher reductions (decreases
of 12 to 15 percent) were observed when
beta-glucans were added to the Step I
diet.

In a randomized, single-blind,
controlled intervention study, 148 men
and women (30 1o 65 years; serum
cholesterol 230 to 319 mg per dL)
consumed Step 1 diets with either zero
or 5 to 7 g of soluble fiber added by
incorporation of various types of cereal
products {Ref. 15). After 8 weeks, groups
consuming diets containing 4 to 6 g of
beta-glucan had significant declines in
blood total cholesterol (7 to 10 percent}
and LDL-cholesteral (10 to 18 percent) as
compared to baseline. Blood total
cholesterol levels of groups consuming
diets containing 1 to 2.4 g daily of beta-
glucan did not differ significantly from
baseline.

In summary, in the 4 studies with
hyperlipidemics consuming diets low in
fat, saturated fat, and cholesterol, the
addition of soluble fiber to the diets
produced equivocal results on blood
cholesterol levels, ranging from no effect
(Refs. 18 and 42) to 6 to 9 percent
declines in blood cholesterol levels
when 15 g of soluble fiber per day were
consumed for 16 weeks (Refs. 5 and 37).
Source of soluble fiber was evaluated in
four studies {Refs. 10, 15, 12, and 26).
Results were equivocal in one study and
suggestive of a source or specific type of
soluble fiber component effect in the
other studies.

¢. Normocholesterolemics: “typical”
or “usual” diets. Van Horn et al. (Ref.
65}, in an epidemiclogical cross-
sectional survey, evaluated baseline
dietary assessment and blood
cholesterol data from the Coronary
Artery Risk Development in Young
Adults (CARDIA) study. Dietary intakes
were assessed by diet history, Of the
over 5,000 men and women {18 to 30
years; normal blood cholesterol levels),
there was an inverse and statistically
significant correlation between total
dietary fiber intake and blood total
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cholesterol and LDL-cholesterol levels.
Many other nutrient intakes were also
correlated with blood cholesterol levels.
No data were given on soluble fiber
intakes.

Seven men with normal blood
cholesterol levels {mean 187 mg per dL)
consumed their regular diets for 3 weeks
followed by the addition of a
supplemental source of soluble fiber for
an additional 3 weeks (Ref. 1). The
added soluble fiber intake was
estimated at 16 to 19 grams per day.
Blood cholesterol levels decreased
during the pretreatment diet phase.
After 3 weeks of supplemental soluble
fiber intake, total blood cholesterol
levels decreased 16 percent from the
level at the end of the pretreatment
phase.

Gold and Davidson (Ref. 19}, in a
double-blind, intervention study,
provided 2 muffins containing test fibers
{oat bran, wheat bran, or wheat/oat
bran combination) to 72 male and
female medical students (25 to 37 years;
mean blood cholesterol 178 mg per dL)
for 4 weeks. Subjects were assigned to
one of three treatment groups,
depending on soluble fiber intake from
the muffins. Group mean supplemental
soluble fiber intakes were 2.5, 0.9, and
0.33 g per day. Supplemental total
dietary fiber was held constant at about
5 g per day. No data were given on
baseline dietary fiber intakes. After 4
weeks, the group consuming 2.5 grams
per day of supplemental soluble fiber
had significantly lower blood total (5
percent) and LDL-cholesterol levels (9
percent) as compared to baseline levels.

In a controlled, cross-over,
intervention study, Taneja et al. (Ref. 58)
provided isagbol husks as supplemental
soluble fiber (20 to 22 grams per day) to
11 Indian girls, 16 to 18 years (mean
serum cholesterol 182 mg per dL) for 3
weeks. The higher fiber intake was
associated with a significantly lower
blood total cholesterol level (7 percent)
compared to the low fiber diet.

Thirty-four men and women college
students (mean age 27 years; normal
cholesterol) consumed formula diets
standardized to reflect the fat and other
macronutrient components of U.S. diets
{Ref. 35). Various fiber sources and
levels of soluble fiber were added by
consuming breads and cereals. Dietary
protocols in which soluble fiber intakes
were 5 or more per day were associated
with reduced levels of blood cholesterol;
whereas soluble fiber intakes of 3 g or
less per day did not show significant
changes in blood cholesterol levels.

Swain et al. (Ref. 57), in a randomized,
double-blind, cross-over, intervention
trial, fed diets containing 4 or 15 g of
soluble fiber per day for 8 weeks added

as supplementary oat and wheat bran to
subject’s regular diets. Both the high and
low fiber diets were associated with
statistically significant decreases in
blood total cholesterol levels as
compared to baseline.

In a randomized, single-blind,
intervention study to evaluate the effect
of beta-glucan, a type of soluble fiber,
on blood cholesterol levels, Newman et
al. (Ref. 50), provided cereal and baked
goods to 14 free-living men (35 years or
older; serum cholesterol 141 to 247 mg
per dL). Treatment diets were consumed
for 4 weeks following 4 weeks of
preireatment with the normal diet.
Pretreatment diets contained
approximately 5 to 7 g of total dietary
fiber. The total dietary fiber content of
treatment diets was held constant at
approximately 45 g of total dietary fiber;
these diets, however, differed
considerably in beta-glucan content. The
high beta-glucan group also consumed
less total fat than the control group. At
the end of the 4-week treatment period,
the blood cholesterol levels of the high
beta-glucan group did not differ
significantly from baseline. The blood
total and LDL-cholesterol levels of the
low beta-glucan group, despite high total
dietary fiber intakes, were significantly
higher than baseline levels.

In summary, for studies in persons
with blood cholesterol levels in the
normal to borderline or mild risk levels
and consuming their regular diets, and
within the context of the study
conditions, results tended to show
declines in blood cholesterol levels with
intakes of soluble dietary fiber {Refs., 1,
19, 35, 57, and 58). One study controlled
nutrient intakes by use of formula diets
and results generally suggested a dose
response to soluble fiber intakes (Ref.
35). Generalization to regular dietary
patterns needs to be done cautiously. A
study on beta-glucans, however, did not
show an effect of this fiber in persons
with normal blood cholesterol levels
(Ref. 50).

d. Normocholesterolemics: Step 1
diets. Van Horn et al. (Ref. 68), in a
randomized, intervention study
controlled with crossover, stabilized 236
free-living men and women (serum
cholesterol 163 to 247 mg per dL) on a
Phase Il American Heart Association
diet (low fat, low saturated fat, low
cholesterol). Test diets contained 4.2 g of
added soluble fiber. After 8 weeks on
the test diet, there were no significant
differences in total serum cholesterol
levels between groups, although blood
cholesterol levels were significantly
lower in the test group as compared to
the control group at the interim 4-week
time.

In a randomized, double-blind,
placebo-controlled, parallel intervention
trial, 75 men and women (mean blood
cholesterol approximately 200 mg per
dL) consumed a placebo test fiber for 8
weeks while also consuming a Step 1
diet (Ref. 11). Thé Step 1 diet provided
approximately 8 g of soluble fiber per
day; the test fiber supplement provided
an additional 8 to 9 g of soluble fiber
daily. After 20 weeks on the test diet,
blood total and LDL-cholesterol levels
were significantly reduced from baseline
(4 percent and 8 percent, respectively).
A subgroup of 30 subjects continued the
intervention for 8 more weeks. Total and
LDL-cholesterol levels tended to
increase towards baseline in the
supplemented group and to increase
above baseline in the placebo group.
The authors reported excellent
compliance of the test substance
throughout the study period.

In summary, only two studies were
available in which the effect of soluble
fiber on blood cholesterol levels was
evaluated in persons with normal to
mildly elevated levels and consuming
diets low in total fat, saturated fat, and
cholesterol. Results were equivocal but
in both cases seemed to be transient
since interim values were lower than
final values. This occurred, despite the
report of excellent compliance in
consuming the test material in one study
(Ref. 11).

4. Biological Mechanisms

Several mechanisms have been
proposed to explain the claimed
hypocholesterolemic effect of soluble
fiber. These mechanisms have been
reviewed in detail elsewhere (Refs. 17,
34, and 39) and will be briefly
summarized here.

a. Gastrointestinal events. Dietary
fibers affect different aspects of
gastrointestinal function, resulting in
interference in nutrient absorption and
diffusion, altered hormonal responses,
and production of short chain fatty
acids. “These events could act
individually or collectively to decrease
serum cholesterol” {Ref. 2). However,
effects on gastrointestinal functioning
have not been studied adequately in the
human body.

Studies outside of the body show that
viscous fibers can influence the
accessibility of absorbable nutrients to
the mucosal surface. There are a variety
of demonstrated and potential
influences of high dietary fiber intake on
both intraluminal and mucosal intestinal
physiology that may affect the rate and
extent of absorption of nutrients,
including dietary lipids and cholesterol.
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Dietary fiber may influence nutrient
and cholesterol availability in its
interaction with digestive enzymes,
possibly leading to decreased efficiency
of digestion and limited diffusion of
absarbable products in the intestinal
lumen. In rats, soluble fibers delay
gastric emptying and interfere with
nutrient exposure to digestive enzymes
and absorptive surfaces of the small
intestine. Viscous fibers, such as guar
gum, show marked influence on lipid
digestion in dogs. These fibers decrease
the grinding and digestive action of the
stomach, allowing poorly digested food
to pass into the midintestine, leading to
delayed lipid digestion.

Interaction between dietary fiber and
the intestinal surface has not been
studied adequately in humans. Vahouny
and Cassidy {Ref. 75) noted that the
effects of various fibers, especially
viscous fiber preparations, on the
activities of mucosal-associated
digestive enzymes have not been
consistent.

b. Binding or sequestering bile acids.
Of all the theories proposed to explain
the effects of dietary fiber on serum
cholesterol that have been seen in some
studies, the theory that fiber binds or
sequesters bile acids has received the
greatest attention and most extensive
evaluation (Ref. 17}. Dietary fats, or
lipids, are first emulsified in the stomach
and then are transferred to the upper
part of the small intestine where they
are hydrolyzed by pancreatic lipase. The
hydrolysis products eventually dissolve
in bile acids to form micelles. The
micelles are broken et the intestinal
wall, and the lipid hydrolysis products
are absorbed into the body (Ref. 74).
Specific dietary fibers are thought to
bind or sequester circulating bile acids,
thus interfering with micelle formation
required for dietary cholesterol
absorption, and thus altering or
modifying lipid digestion and
absorption. Increased excretion of bile
acids in feces results in the conversion
of liver cholesterol to bile acids, which
eventually leads to decreased serum
cholesterol and LDL-cholesterol levels,

In an effort to confirm this hypothesis,
Story (Ref. 73) observed that the effects
of dietary fiber on bile acid excretion
are inconsistent and are not large
enovugh ta account for observed changes
in serum cholesterol. “However, in some
cases (e.g., oat bran in
hypercholesterolemic humans), a
substantial change in bile acid excretion
has consistently accompanied the
hypocholesterolemic effects. Clearly,
this is not the sole mechanism involved
for all sources of dietary fiber and our
mitial hypothesis concerning

adsorption-excretion is not valid for all
situations” (Ref. 73}).

c. Effect of fiber fermentation
products. Dietary fibers are partially
fermented by bacteria in the human
colon. Some of the fermentation
products formed include short chain
fatty acids, such as acetate, propionate,
and butyrate. Short chain fatty acids are
almost completely absorbed from the
colon. Propionate is extracted by the
liver and has been shown to lower
plasma cholesterol in rats. In vitro
studies in rat liver cells have shown that
propionate decreases cholesterol
synthesis, but only if acetate is used as
a cholesterol precursor (Ref. 72). Venter
et al. (Ref. 70) showed that dietary
propionate fed to baboons raised total
cholesterol, although metabolic effects
of dietary propionate may not be the
same as propionate derived from
microbial fermentation of dietary fiber
in the colon.

d. Summary. There are several
mechanisms proposed (interference with
gastrointestinal functions, binding of
bile acids, and fiber fermentation) to
explain the effects of soluble fiber on
serum cholesterol found in some short-
term studies. Not only is the mechanism
unknown, but it has not been
determined if it is the soluble fiber itself,
the presence of beta-glucan {the major
component of soluble fiber), or some
other component in the diet that
accounts for the observed effects.

5. Conclusions

Earlier reviews by the Federal
government and other recognized
scientific bodies generally concluded
that diets rich in water-soluble fiber
fractions were associated with
cholesterol-lowering effects in humans
(Refs. 48, 65, and 66}, They further noted
that high fiber diets are often associated
with low fat diets and it is difficult to
differentiate the effects of the two
nutrients, although the net effect is
beneficial and soluble fiber in relatively
large amounts may serve as a useful
adjunct to low saturated fat and low fat
diets. The recent update by LSRO (Ref.
40) noted that recent data reflect results
from earlier studies in that results
suggest soluble fiber but not insoluble
fiber may have cholesterol-lowering
properties. Some types of soluble fiber,
e.g., betaglucan, may be more effective
than other types, although the data are
extremely limited at this time. Animal
studies are generally supportive, This
report also notes that it is not clear
whether the observed effects result
strictly from the fiber or from other
components associated with
consumption of fiber-rich foods. The
report also noted that there are no data

to indicate that a fiber present in a food
is the same as when it has been
extracted and purified.

FDA reviewed over 30 human studies
published in the last several years.
Under the study conditions, many
studies observed a decline in bleod
cholesterol levels with increasing
intakes of soluble fiber. Most studies,
however, were of very short duration
and, therefore, cannot confirm long-term
benefits from high soluble fiber diets.
Indeed, questions of long-term effects
were raiged by the observation of an
initial decline in blood cholesterol levels
followed by a return upwards towards
baseline in some of the longer studies,
even when authors reported excellent
compliance for consumption of test
substances.

There was some evidence suggesting
that different types of soluble fiber have
different effects. Additionally there was
some evidence of a dose response,
although the evidence for this is very
limited. There were, however, major
design flaws in many of the studies
which make it difficult to reach firm
conclusions. The objectives of many
study protocols seemed to be to
evaluate the effectiveness of relatively
large amounts of a single type of food or
fiber source rich in soluble fiber (e.g.,
oatmeal, baked beans, oat bran) rather
than to look at total soluble dietary fiber
intakes or to specifically identify the
chemical and physical characteristics of
soluble fiber that are most effective in
lowering blood cholesterol levels. By
adding large amounts of foods to diets
(e.g., addition of 1 to 2 cups of baked
beans daily), these dietary changes were
often accompanied by lower calorie
intakes and weight loss. Since weight
loss alone can lower blood cholesterol
levels, this becomes a serious
confounder for interpreting study
results. Frequently, also, nutrient
intakes, particularly those nutrients
related to serum cholesterol levels
{saturated fat, total fat, cholesterol)
varied among treatment and control
groups, again confounding interpretation
of results. Information on total scluble
fiber intakes is not always provided.
Results from studies with crossover
designs were often particularly
confusing since treatment order effccts
were often observed.

The LSRQO update report (Ref. 40}
noted that the recent studies
represented, to large degree, a repeat of
earlier studies. FDA reached a similar
conclusion. Based on the totality of the
evidence, FDA has determined that the
conclusions of the reports reached by 4
the earlier Federal government and
other revicws by recognized scientific.

e
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bodies provide an insufficient basis to
support a health claim relating soluble
fiber intake to reductions in blood
cholesterol levels and, ultimately, to
reduced risk of developing CHD. It is
still not clear whether observed
reductions in blood cholesterol levels on
short-term studies are due to changes in
other nutrients intakes and/or to
concomitant weight loss. The potential
for adaptation and loss of effectiveness
with time remains an unanswered
question. And, most importantly, the
data suggest that some but not all
components of dietary soluble fiber may
be most effective. Evidence to date is
too limited to be able to clearly identify
the characteristics of effective soluble
fibers.

II1. Tentative Decision not to Propose a
Health Claim Relating Dietary Fiber to
Decreased Risk of Cardiovascular
Disease

FDA limited its review of the
scientific evidence relating to ingestion
of dietary fiber and cardiovascular
disease to the topic of soluble dietary
fiber and risk of developing CHD. These
limitations were deemed appropriate
because the previous Federal
government and other reviews by
recognized scientific bodies had focused
on these areas and the majority of
research efforts to date have focused on
these areas.

FDA has tentatively concluded, based
on the totality of the evidence, that there
is not a sufficient basis to authorize a
health claim for dietary soluble fiber
and reduction in risk of developing
CHD. Numerous human studies have
examined the possible role of dietary
fiber intake in CHD. Many correlational
studies show a relationship between
diets high in plant foods (fruits,
vegetables, and grains) and reduced
rates of cardiovascular disease. There
are a number of dietary intervention
studies which are generally conducted
for short-time periods, and often with
fairly large changes in dietary patterns.
Most of these studies show short-term
benefits in serum cholesterol lowering
with diets high in soluble dietary fiber.
However, these studies are often also
characterized by other concomitant
changes which could also affect blood
cholesterol levels, including weight loss
and changes in other nutrients intakes
which affect blood cholesterol levels.
Studies of longer duration (6 weeks to 6
months) tend to be limited in number
and results are more equivocal. The
relationship of type of soluble fiber as
currently measured by commonly used
methods such as those of the -
Association of Official Analytical
Chemists is not clear.

It is clear that diets high in soluble
fiber-rich foods, including whole grains,
fruits, and vegetables, are associated
with reduced risk of developing CHD.
These diets differ, however, in the levels
of many nutrients and in types of dietary
soluble fiber making it difficult to
ascribe observed nutrient and disease
relationships to a single nutrient.
Overall, the available data are not
sufficient to demonstrate that it is the
total soluble dietary fiber, or a specific
measurable and quantifiable
subcomponent, that is related to lower
blood cholesterol levels.

A major limitation in designing and
evaluating research studies has been the
need for better-defined measures of
dietary fiber and standardized
descriptions for source, type, and
amount of dietary soluble fiber (Ref. 39).
Dietary fibers, including soluble fibers,
are a heterogeneous family of
compounds that vary considerably in
chemical composition, physical
characteristics, and biological effects
{Ref. 39). Processing of foods and fiber
sources may also alter the inherent
characteristics of the soluble fiber. The
commonly used analytical
methodologies often do not detect many
of the characteristics that vary among
fibers and that may be related to
biological function (e.g., particle size,
chemical composition, or water-holding
capacity) {Ref. 39). Analytical methods
alse do not differentiate between source
of fiber. This lack of ability to detect
many of the differences that exist among
fibers and the general lack of clear
evidence as to the mechanisms of action
of fibers have raised questions as to the
ability of commonly used analytical
measures of dietary fiber to adequately
predict biological actions of specific
fibers {Refs. 12 and 24).

Another problem in evaluating the
relationship of dietary fiber intakes to
the risk of chronic disease such as CHD
is the lack of reference food composition
data on the fiber content of foods.
Consequently, most human studies have
described dietary intakes in terms of
amounts of oatmeal, or oat, or wheat
brans. In many studies, total soluble
dietary fiber intake, or even the soluble
fiber content of the test material, was
not described.

In summary, the currently available
scientific evidence is not sufficiently
conclusive or specific for soluble fiber to
justify use of a health claim relating
intake of dietary soluble fiber to
reduced risk of CHD. Federal
government (Refs. 63 and 66) and other
reviews by recognized scientific bodies
(Refs. 39, 40, and 48) are consistent in
agreeing that it is difficult to separate

the effects of fiber from those of other
components present in high fiber foods
or in dietary patterns high in plant food.
As noted above, the evidence that has
become available since publication of
these reports is consistent with these
conclusions and is, therefore, not
sufficient to alter the earlier conclusions.
Thus, FDA has tentatively conchided,
based on the totality of the scientific
evidence, that there is not significant
scientific agreement among experts
qualified by training and experience to
evaluate such a relationship, as to the
independent and specific role of dietary
soluble fiber in reducing the risk of
CHD.

FDA recognizes that CHD is a leading
cause of morbidity and mortality in the
United States and that changes in
dietary patterns can play a significant
role in reducing risk of CHD. Virtually
all recent dietary guidelines for
Americans have encouraged the
increased consumption of fiber-rich
foods, including whole grain cereals,
fruits, and vegetables. FDA has
supported and continues to support
these recommendations and to ‘
encourage dietary guidance consistent
with the recommendations. This raises a
dilemma, however, for which FDA is.
requesting comment. To encourage and
help cornisumers to meet dietary
guidance recommendations, it would be
useful to have appropriate dietary
information at point of purchase. The
use of health claims on foods (including
dietary supplements) to inform
consumers of these recommendations,
however, is problematic since it is not
clear what qualifying and other criteria
are necessary to adequately define
eligible foods for such a health claim.
Congress, in the 1990 amendments,
specified that FDA evaluate nutrient and
disease relationships. Dietary fiber was
specified as one nutrient for evaluation.
Yet, FDA hay tentatively concluded that
the available evidence that is supportive
of changes in food patterns cannot be
extrapolated to a specific fiber effect at
this time.

Given the public health significance of
CHD and given the general dietary
guidance to increase consumption of
fruits and vegetables and whole grain
products which are rich sources of
dietary fiber, including soluble fiber, and
other nutrients, FDA is requesting
comments on how best to inform
consumers of these igsues.

Specifically, should the agency permit
a claim on the label or in labeling such
as *Diets high in fruit, vegetables, and
whole grains are associated witha -
reduced risk of cancer of the lower
bowel and cardiovascular disease”; or
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alternatively “Research has shown that
populations who consume diets that
contain several servings each of fruit,
vegetables, and whole grains have a
decreased risk of certain forms of cancer
and cardiovascular disease; or *Choose
diets with plenty of fruit, vegetables,
and whole grains to help lower your risk
of cardiovascular disease and certain
forms of cancer.” If such statements
should be permitted, what criteria
should be used to identify foods that are
eligible for such statements? For
example, should such statements be
limited to fresh fruit, vegetables, and
milled whole grains, or should processed
foods derived from these produces also
be included? What measure should the
agency adopt to assure that consumers
are not mislead as to the benefit of
consuming a specific product? FDA is
requesting comments on whether it has
the authority and should allow health
claims on foods as well as nutrients.
Based on the studies reviewed in this
document, serum cholesterol responses
were affected by a number of factors:
Initial serum cholesterol level, base diet,
self-initiated changes to base diet
(particularly to changes in intake of
saturated fat and polyunsaturated fat)
during the test period, body weight,
exercise, medications, general health,
and other lifestyle variables. These
confounding factors, which were
generally not well controlled within
many of the individual studies and
which make cross-study comparisons
difficult, made it impossible to draw
conclusions about the relationship of
soluble fiber to serum cholesterol levels.

1. Safety of Fiber Supplements

Concerns have been raised about the
potential for risk from isolated or
purified forms of fiber (Ref. 39). Side
effects and possible adverse health
effects of high intakes of dietary fiber
have also been hypothesized by NAS
{Ref. 48). Excessive consumption of fiber
supplements may result in more
intestinal problems or poor absorption
of trace minerals than would be
expected from a high-fiber diet (Ref. 40).
Fiber sources, such as psyllium seed,
guar gum, pectin and other gums, are not
listed as GRAS substances for use as a
fiber supplement.

The agency is concerned about
changing consumption patterns
associated with the development and
introduction into the marketplace of
new sources of dietary fiber, along with
increased use of fiber sources as food
ingredients or as supplements of fiber.
FDA intends to update its GRAS
regulations for sources of fiber in the
near future. To deal with this issue, the
agency intends to initiate a review of

the existing types of isolated dietary
fibers and their use as a broad class of
foods to identify and assess scientific
information on the safety of this use.
This review will include consideration
of the biological effects of different
fibers, the extent to which such effects
are significantly different for subclasses
of dietary fiber, and whether biolagical
effects are significantly altered by
chemical or physical changes and by
processing. FDA may use the results of
this or other reviews to develop a new
strategy for assessing food safety.

2. Significant Scientific Agreement

The Federal government and other
authoritative reports reviewed
consistently concluded that while
dietary patterns high in fiber-rich foods
were associated with lower levels of
serum cholesterol and decreased risk of
CHD, the effect of soluble dietary fiber
could not be separated from the effects
of other dietary factors, i.e., lower
contents of saturated fatty acids and
cholesterol and higher intakes of fiber,
potassium, and vitamins and minerals.
The data that has become available
since those reports were completed, as
reviewed here by FDA and also as
independently reviewed by outside
experts (Ref. 40), do not provide
sufficient evidence to warrant modifying
or changing the conclusions reached
earlier by the authoritative reports,
Thus, FDA concludes that there is not
sufficient scientific agreement, among
experts qualified by experience and
training, to support a health claim for
dietary fiber and cardiovascular
disease. ‘

3. Public Health Importance

It is clear that cardiovascular disease,
and particularly CHD, are major public
health problems in the United States.
There is also general agreement that
dietary patterns that will lower serum
cholesterol levels will also lower risk of
these diseases. Dietary patterns high in
fiber-containing foods; low in fats,
saturated fats, and cholesterol; and
associated with maintenance of
desirable body weights are also
associated with decreased risk of CHD.
This association is the basis for the
numerous dietary guidelines that
recommend these types of dietary
patterns. FDA has consistently
supported these dietary guidelines and
continues to do so. (With the proposed
changes in the mandatory nutrition
labeling regulations (see companion
document published elsewhere in this
issue of the Federal Register), consumers
should be better able to obtain the
information needed to select foods to
help them meet these goals.)

IV. Environmental Impact

The agency has determined under 21
CFR 25.24(a)(1} that this action is of a

. type that does not individually or

cumulatively have a significant effect on
the human environment. Therefore,
neither an environmental assessment -
nor an environmental impact statement
is required.

V. Effective Date

FDA is proposing to make these
regulations effective 6 months after the
publication of a final rule based on this

_ proposal.
VL Comments

Interested persons may,on or before
(February 25, 1992}, submit to the
Dockets Management Branch {address
above) written comments regarding this
proposal. Two copies of any comments
are to be submitted, except that
individuals may submit one copy.
Comments are to be identified with the
docket number found in brackets in the
heading of this document. Received
comments may be seen in the office
above between 9 a.m. and 4 p.m,,

. Monday through Friday.

VII Economic Impact

The food labeling reform initiative,
taken as a whole, will have associated"
costs in excess of the $100 million
threshold that defines a major rule.

' Therefore, in accordance with Executive
. Order 12291 and the Regulatory
* Flexibility Act (Pub. L. 96-354), FDA has

developed one comprehensive

. regulatory impact analysis (RIA} that

presents the costs and benefits of all of
the food labeling provisions taken

. together. The RIA is published

elsewhere in this issue of the Federal
Register. The agency requests comments

' on the RIA.
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List of Subjects in 21 CFR Part 101

Food labeling Reporting and
recordkeeping requirements.

Therefore, under the Federal Food,
Drug, and Cosmetic Act and under
authority delegated to the Commissioner
of Food and Drugs, it is proposed that 21
CFR part 101 be amended as follows:

PART 101—~FOOD LABELING

1. The authority citation for 21 CFR
part 101 is revised to read as follows:

Authority: Secs. 4, 5, 6 of the Fair Packaging
and Labeling Act (15 U.S.C. 1453, 1454, 1455);
secs. 201, 301, 402, 403, 409, 501, 502, 505, 701
of the Federal Food, Drug, and Cosmetic Act
(21 U.S.C. 321, 331, 342, 343, 348, 351, 352, 355.
371).

2. Section 101.71 is amended by
adding paragraph (b) to read as follows:

§ 101.71 Health claims: claims not
authorized.

_* * - * *

(b) Dietary fiber and cardiovascular
disease (insert cite and date of
publication in the Federal Register of the
final rule).

Dated: November 4, 1991,

David A. Kessler,

Commussioner of Food and Drugs.

Louis W. Sullivan,

Secretary of Health and Human Services.

Note: The following tables will not appear
in the annual Code of Federal Regulations.
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Dietary fiber snd cardiovascular disease:

Table 1

Effects of soluble fiber on blood cholesterol in humans.

Study Study Design Subjects Methods Results Comments
Abraham and Intervention, 7 men, free living, with Subjects consumed controlled After 3 weeks, total or serum | subjectst cholesterol
Mehta, 1983 controlled diet normal blood cholesterol tmeals, based on usual diet, for 3 cholesterol (TC) 116X values were not
(Ref, 1) (mean 187 mg/ck; range weeks followed by 3 weeks with (calculated) (significant stabilized, as the authors

132-240 mg/dL) peytlium (PSY) husks added to ($)); LDL and HDL reported, when psyllium
control diet in form of muffing, cholesterois also { interventfon was started,
cookies, fruit drinks, and peenut significantly. Subjects with There was no control group
butter. Gradual 1 of psyliium the highest baseline serum during the intervention
starting with 7 grams/day to 21 cholesterol had the greatest period. No date on body
g/day. Estimated soluble fiber TC reductions, weight, The short test
(SF) intake from PSY - 14-19 period Limits abitity te
9/day. Base diet: 30X kcals generalize to long term
(kilocalories or Calories) from effects,
fat; 16X from protein; 54X kcals
from carbohydrate, Cholesterol
intake 300-400 mg/day. P/S = 1;
total dietary fiber (TDF) 17
g/day.

Anderson et Intervention, 26 men, ages 30-65; free Subjects consumed regular diet for From baseline, soluble fiber Psylijum was provided as
al., 1988 randomi 2ed, living; normo- and 2 weeks followed by adding from psyllium: TC 115% (S); an adjunct to the regular
(Ref, 8) parallet, hypercholesterolemic psyliium (Metamucil) or cellulose LtOL 120X (S), and LDL/WDL diet. Steady dacline in YC
double blinded, €18.-314 mg/dL) (control), 3 times a dey before ratio 415X (S). There were over 8-week test in PSY
placebo meals (3.4 g fiber source/meal), also significant difterences group. No effect on body
controlied to meals for 8 weeks. Dietary between the placebo group and | weight. Authors report
intakes monitored with 24-hour the psyllium group. No effect compliance was excellent.
rendom records. 10.2 g/day of PSY of PSY on HOL.
provided an estimated 8-9 g of SF.
Base diet: 40X kcals from fat; 20X
keals from protein; 40X keals
carbohydrate; <300 mg/day of
dietary cholesterol.
Anderson et al, Intervention, 24 males, Subjects consumed typical Total Serum cholesterol: | 8- Each gr experienced
1990 randomized, hypercholesterolenic, “American® diet for 7 days #s @ 11.6% (S) compared to some weight loss
(Ref, 4) self-controllied 1 37-69 years old. No control period. Diet provided 38% baseline control period in (-?m»dutely 3 pounds).
study on a hypocholesterolemic keals as fat; 19X kcals as all three test groups. Calorie intakes were

metabolic ward

medications were
allowed. 5 subjects
exceeded desirable body
weight by » 20X..

protein; 43X kcals as
carbohydrate; 420 mg dietary
chotesterol; total kcals: 1729-
1981/day. After 7 days subjects
randomized {nto 3 groups for 21-
day test period: Group A (n=6)
received & single serving of
canned beans (227 g) at noon,
Groups B and C (n=9 each) received
2 divided servings of canned besns
(227 g and 182 g, respec-tively).

St
Control diet '}%Eg bg
Diets AandB 23 g 8 g
Diet C Bg 7¢

Overail, the LDL/HDL ratio
remained similar to control
ratios for groups A, B, and
C. The interim TC values
were lower (113-17X decrease

from baseline) than the finat

values.

approximately 1800
kcals/day. TC was
incressing towards
bageline at end of 3-week
test period. Short test
period is a timitation of

study design.

96509
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TABLE 1--CONTINUED

Study Study Design Subjects ) Methods Regults Comments
Anderson et at, intervention, 12 men; 46-70 yesrs old; Subjects, randomized into 2 Oat bran diet: 1 TC 5.4% (S) The intake of
1990 randomi zed, hypercholesterolemic groups, consumed typical compared to the corn flakes carbohydrates, protein,
(Ref. 6) self- (210-326 mg/dL); body “American® diet for 2 weeks in diet. LDL was lowered by fat and cholesterol were
controllied, mass indices of less addition to test or control cereal 8.5%, and HOL was not neerly fdentical in the

cross-over on
metebol ic ward

than 30; 5 subjects had
evidence of
cardiovascular disease

followed by crossover to other
careal for 2 weeks. Base diet
provided 41X kcals as fat; 20%
kcals as protein; 43X kcals as
carbohydrate; 355 mg dietary

1 cholesterol. One group started

with addition of 56 g oat bran
ceresl to the diet; the other
consumed 56 g of cornfiakes
(control). Totsl dietary fiber
(TDF) and totat soluble fiber
(TSF) were:

T0F 1sE
Ost brancereal 21 g 7.4 g
Corntlakes 15¢g 4.5¢g

significently lowered.

two groups. Total dietary
fiber varied between the
two diets. No change in
body weight. Short
duration of test is a
Limitation.

Anderson et al, | Intervention, 10 men, ages 40-70 Subjects consumed 8 controlled No significent decresse in Total fat was controlled
1950 self- Kears; mild to high diet for 7 days (control period) serum cholesterol on bakery but the P/S (poly-
(Ref. 5) controlled, ypercholesterolemia followed by a 3-week test period, diet; 8 had 1TC; 2 had 17C. unsaturated fat/saturated
metabolic ward (200-320 mg/dl.); 13 Base diet: 30X kcals from fat; 15 Significent (8X) 3 in LDL. No | fat ratio) increased
enrolied, 3 dropped out: kcals from protein; 55% kcels from significent change in the somewhat in the bekery
2 for ressons unrelated carbohydrate; 450 wg/day distery LDL/HOL ratio from control diet, Short time silowed
to the study, 1 for non- cholesterol; TOF 25 g/day. The period, for end-paint messyres to
compl fence. test diet consisted of refined stebilize to the base
wheat bekery products, high in diet; the subjects showed
soluble fiber and fruits and a lin TC snd ILOL during
vegetables. the 7-day control period.
15!, ISE Constent bady weight
Bakery diet 25g 99 maintained by adjusting
Baseline diet 259 39 snergy inteke.
Anderson et intervention, 21 men*, ages 38-73 Subjects consumed "typical® TC L WDL Authors state the purpose
al,, 1991 randomi zed, yeers; hypercholes- Amaricen diet for 7 days es s § % % of thefr study is to
(Ref, 3} controlled, terolemic (total serum beseline (control), then 0B 472.8* 12.1* 17,4 compare the effects of

metabol ic ward
study

cholesterol: 190 to 347
mg/diL). Body mass
indices less than 28.7;
no medication for
hypercholesteroiemia. 1
subject failed to
complete study. *14 men
had hypertension, CHD,
or CVD

rendomized to ost bran (110 g ocat
bran/day) or wheat bran (40 g
wheat bran/day) diets for 21 days;
control and treatment diet
identical in encryy content, and
nutrients, differing only in
soluble ffber soluble fiber (oat
bran) and insoluble fiber (wheat
bran). Beseline diet: 41X of kcals
from fat, 16X protein, 43X from
carbohydrate, 450 mg cﬁolntcrol,

14 g/day TDF, 3 g/day S§F, Brans
were
incorporated into muffins and
cerepls, SF TSF

IDF  (bren) (diet)

g/day

Baseline diet 14 5-6
Oat bran 34 7.6 13.4
Wheat bran 34 1.3 .

B .4 15,5 43.9
*significent from baseline

There was no chenge in the
LDL-HDL ratio in OB group. No
sffect on HDL in sither
group.

soluble fiber (from 08)
snd fnsoluble fiber (from
W8) keeping TDF constant.
Significant weight loss in
hoth groupe (about 1 kg
from control values),

|
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TABLE 1--CONTINUED

Study Study Design Subjects Methods Results Comments
Aro et al., Intervention, 14 men, ages 30-64, free Study designed with two 12-week Guar gum: TC § significantly Weight maintained during
1984 double blind, living; severely crossover periods with an initial after 6 weeks (15.3X%) and by the study; no dietary
(Ref. 9) crossover with hypercholesterolemic 4-week period on placebo diet and 8.2X% between weeks 6 and 12 information given; no
placebo (301-402 mg/dL) and a 4-week washout between test as compared to baseline. Most information on TOF or
hypertriglyceridemia periods. Subjects consumed normal of the 1 was in LDL (22% total SF intakes. Authors
diet (not defined); no dietary after 6 weeks and 14X after reported good compl iance.
records were kept. Guar gum 12 weeks). Significant 1 in The authors suggest that
granules were mixed with water and mean 1C from 6 to 12 weeks of the attenusted effect of
taken before mesns; same for guar gum supplementation. guar over time may reflect
placebo. Placebo - wheat flour LDL/HDL reatio significantly compensatory mechanisms in
prepared similar to guar. Guar {ower in guar then placebo the body.
gum, 15 g/day (estimated 10.5 g group. Placebo group
soluble fiber) was added to experienced I in LDL over the
bageline diet; it was consumed in 12 weeks. No significant
S-gram doses, after mixing with difference in TC and LDL
water, before the 3 main meals. between treatment and controt
after 12 weeks.
Beling et al, Intervention, 351 men and women, ages This was an 8-week study with 3 Total Serum Cholesterol Variable weight loss by
1989 randomi zed, 20-60, hypercholesterol- groups: Group 1: no dietary (X Change from baseline) treatment: group 1: 2 lbs;
(Ref, 10) control led emic (total serum change Group' & wks 8 wks group 2: 4 lbs, and group
cholesterol between 200 Group 2: Step | diet, which was 1 12 12 3: 6 lbs. There was no
and 300 mg/dL); not introduced during the first 4 2 $10 18 data on soluble fiber in
greater then 50X idesl weeks of the study and continued 3 112 412 diets. Not eve

body weight. 433
enrolled; 351 completed;
attrition rates for
groups 1,2, & 3 were
17%, 15%, and 24X,
respectively. Major
reason for attrition was
inability to attend
classes.

for 8 weeks

Group 3: Step | diet, which was
introduced during the first 4
weeks of the study, plus 2 oz oat
cereal, which was added for weeks
5 through 8. Oatcor™, a
concentrated oat bran cereal, was
provided in 2 packets (1 oz each)
to be consumed as a snack or
cereal. The oat bran provided
10.6 g total dietary fiber per
day; 7-8% total beta-glucans by
weight.

Group _ X keal - SFA
1 12 10-11
2 11 ]
3 12 7
(SFA = saturated fatty acids)
cal - fa
1 8 34-36
2 34 23
3 37 25-26
Iotal Dietary Fiber
[]
1 12 12-14
2 12 18-19
3 9 15-16

LDt - cholesterol

13 5
133 13 1]
12 315

L -~ cholesterol

-~ -
[ X- X
-
00 W -

ryone
responded similarly; both
positive and negative
responders and variation
in magnitude of effect
within treatment groups.
Study was unblinded.

86509
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TABLE 1--CONTINUED

6, 0, and +6 weeks, (Ceresis were
added to Stap 1 dist, NCEP atep 1
diet: 30X kcais as fat, 55X
carbohydrates, 15% protein;
spprox, 200 mg/:

'dey cholesterol.
Yotel Dietary Fiber

e A N e - T e R SR !
Study Study Design Subjects Mathods lewlt_aﬁ Comments
Bell et al., Intervention, 75 wen and women, SOth- This wes 9 20-wesk study with 12 TC 14.2% (3) from beseline Peylifum was given as on
1989 randomi zed, 90th percentile woeks on step 1 diet, followed by and 14.8% (S) from placebo; adjunct to the diet, not
(Ref. 11) double blind, cholesterol (mean for 8 wesks of test fiber or placebo \DL 17,7% from beseline and in food form, Step | diet
placebo placebo group wes 162 (cellulose), Psyliium (Metemuci! 18.2% (both S) from placebo, did net lower serum
control ied, wg/d; for test group, powder) (3,4 g/mesl) wes token 3 WDL/HDL ratio; 3108 from cholesterol significently
parallet 207 mg/dLy; free living times a doy before meals. Distary ) plocebe and baseline (3). differant in baseline 7C
intake was assessed with 3-day 30 subjects continued the values, Long term
food records st weeks -6, 0, 8 and | intervention for 8 more effectiveness remains a
16. mw%? weeks. Total and LOL question based on evidence
Fat ~38% kcsls cholesterol in the psyllium in this study of ¢t
SFA 7-10% keals group tended to increase cholesterol during weeks
Cholesterol 160-200 mg/dey during the additional 8 weeks 816 on tlium, Both IC
V. Dietary Fiber 19-22 g/day in both groups. TC values t and LDL ves 1 gbove
Soluble Fiber 6 g/dey sbove baseline in placebo baseling in the placeho
group; test group: TC 1 but group; in test group 1C t
PsyLlium provided an estimated 8-@ | was still 7.7X tower than the and ses only 1,5% Lower
g soluble fiber. placebo, but only 1.5% lower than baseline, LDL § and
than baseline. vas 5% Llower than
baseline. Compliance was
excoliont in both groups.
Bell et al., Intervention, 58 men; 24-69 years old; Subjects consumed a Step 1 diet Total Cholesters! Excellont complisnce
1990 randomi zed, free Living; with mild for 6 weeks; then randomly Diet Phase Cereal Phase | reported. Dietary intakes
(Ref. 12) double-blinded, ] to moderate ssaisned to pectineenriched, % from X from wers approximetely same
control lad hypercholesterolemia psyllium-enriched ceresl, or corn aroups, sxcept for
{mesn range 227-229 flakes (control) gri for Plag 0. totsl dietary fiber, No
mg/dh.) additionel & weaks, Three-day Pectin 1 4 » e change in weight.
dietary intake recorda taken at - Peyilium 4 3 Lbé6*

* gignificant from baseline
and placebs

LDL - cholesterol
Diet Phase Cereal Phase

Baseline Veek & X from X from
g/ day ?’fl‘lm diet ?F;
Placebo 22 1¢ Plac 4 0.
Pectin 21 16 pPectin 1 3 14
psyllivm 23 22 Psyllium 1 4 16*
Total Soluble Fiber HOL = cholesters!
i Week 6 Diet Phase Cereal Phase
a from X from
Placebo é 88
Pectin 8 [ [}
peyliium 8 8 Pectin L 6 t3
Psytiium & 4 12

$urr et al.,
1989
(Ref.13)

intervention on
effects of diet
on sscondsry
pravention of
wyocardist
infarction
K1),

randomi zed,
controflied

2.033 wen, sl recovered
from NI; mean age %6
yesrs; free living

A 2-yesr study. Three groms: (4}
gdvice given to I fet intake to
30X of calories and t the P/S
ratio to 1.0; (2) advice given to
1 fatty fish intake to 2
servings/week; (3) sdvice given to
1 cersal fiber (not defimed) to 138
g/day. Cereal fiber intake in
group 3 was twice that in M{un
not given fiber advice. Norma
diet of subjects was not defined.

No significent difference in
totsl mortality between those
given fiber advice and those
not given fiber advice. No
significant changes in serum
cholesterol attributable to
fiber edvice.

fiber is not separated
into soluble and insoluble
COMpPONONts; PO ASESSSMENt
of confounding factors,
fncluding intakes of other
nutrients (e.g., SFA), was
provided.
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TABLE 1--CONTINUED

sty

(meen of 257.0 mg/dL).

Nedical Center modified saturated
fat diet (fat 10X of keels) and
added soluble fiber from psyllium
(PSY) (n=36). PSY was inixed with
water tuiée s day. Children age 7
and older consumed 10 g peyllium
(8-9 g soluble fiber estimated)
gor day; younger children consumed
.5 _g/day (estimated 2-2.5 ¢ SF),

on NY diet with psyllium.,

Total cholesterol and LOL
decressed 6.7 & 8.8% (NS) on
step 1 diet for the same
duration, Nine obese
:Mldren lost weight (2.8
9.

Study Design Subjects Methods Results Comments
Davidson et Intervention, ‘156 men and women, aged NCEP Step 1 diet given 8 weeks X b 4 Lacked control group for
al., 1991 rendomized, 30-65, rencomized; 148 before randomization to test diet %m gr %p_k each level of ocats
(Ref. 15) single-blinded, | completed; free living and during the test period. & . O .2 -3.9 -5, consumed. Body weight were
controlled. L) cholesterolemic weeks of intervention with oatmeal 2, 0828 2.0 -2.7 -4.7 stable.
Purpose to (230-319 mg/dL) with (OM)or ost bren (0B) in28 g, S6g | 3. 0N 56 2.4 -2.7 -3.5
evaluate the sultiple risk fectors. or B4 g servings. 28 g farine es 4. 0B 56 3.6 -9.5* -15.9*
effectiveness Data from only 140 were a control, After intervention 6 . 0MB8 4.0-7.1% -10.1*
of soluble used, 8 d weeks of follow-up with no 6. 0B 84 6.0 -6.9* -11.5*
fiber fraction, -] of lack of compliance. supplementetion. 7. FA 28 0.0 +0.6 +0.6
beta-giucen, in | Dropouts: placebo (3), Step 1 diet: OM=oatmeal OB=ost bran
lowering serum 08-56 (2); OM-28(1); .ON- fat: <30X keal Fasfarine Glumglucen
cholesterol. 84(1), and 08-84(1). SFA: <10X kecals * Only these changss ere
significently different from
Groups JOF _ ISE besel ine.
masg 16 é
o828 g 17 6 The groups showed o decrease
oM S6g % 5 {n total cholesterotl and LOL
o8 56 g 2 7 at the higher levels of oat
oM 8 g 1 7 intake.
08 8 g 2 7
ferina 28 g 15 [
4-dey food records at baseline,
veek 3,6, 12,
Demark- Intervention, 81 men and women, 20-65 12 weeks of intefvention on cat Although there was @ Drop out rate is very high
Mahnefried ot rerclomi zed years, hypercholesterol- bran or processed oat bran cereal. significant drop in serum (16X). The study size is
al., 1990 emic (meon of 271 Individusls given ocat bren (08) cholesterol with slt groups, small; power to detect
(Ref. 16) mg/dl), free-living: 13 supplements, 08 ceresl, and » there was no significant changes betueen groups is
dropped out. recipe book for fat-modified difference in the finel serum | limited. Variable weight
diets. One group consumd regular cholesterol between any of loss among group with the
diet and did not get recipes. the four groups. The low fat, group consuming low fat
tow choleaterol control diet diet plus oat bran
50 9 oat bren per day (estimeted alone had the most marked experiencing the greatest
3.7 g soluble fiber) as adkd-on to drop in cholesterol (117X) weight Loss (4-5%).
test group. 50 g OB and 42.5 ¢ from baseline. Catorie intake varied from
essed cerest had same amount & mean of 1600 Cal/day for
ta-glucen, low fat, low cholesterot
Diets: diet to 1900 Csl/dey for
Growp 1: low fat, low cnolesterol oat bren, X changes from
diet teseline in saturated
Group 2: low fat, tow cholesterot fatty acids renged from
diet plus 50 g 0B - 22X for 08 group to 51X
&roqs 3: regular diet plus S0 g for low fat, 0B group.
Group 4: regular diet plus 42.5 g
processed ost bran
Glassomn et Intervention 36 children with type 8 months on Step 1 diet (10X kcals | Total cholesterol and LDL § Primery type i1a
at., 1990 118 cholesterolenmia from SFA) (n=14); 1 month weshout significantly (18X & 23X, cholesterolemia is an
(Ref. 18) period, then & months on NY respectively) in test group inherited condition which

causes extremely high
serum cholesterol levels
in ¢hildren through s
metabolic error in the
breakdown of cholesterol.
The study is not blinded,
and- there is no placebo.
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Study Study Design Subjects Methods Resylts Comments
Gold and Intervention, 72 male and female This was a 4-week intervention Oat bran: TC §5%* and LOL 19X | No sssessment of the
Davidson, 1988 double blind medical students; 25-37 study, Subjects consumed 2 dietary intake before or
(Ref, 19) yrs old; free-living; muffins/day that contained test *gignificant from baseline during the test period. No
normal cholesterol (mesn fibers (muffins were provided) dats on totsl dietary
178 mg/dL) along with their reguler diet. 3- S$.F. from combined oat/wheat fiber or total soluble

day food records were submitted. and wheat: TC no change; LDL fiber intskes in baseline

Subjects randomized into 3 groups no significant decrease. and treatment diets.

ond received muffins mede with

either cat bran, wheat bran, or a

wheat/ost bran combination.

Added soluble fiber (S.F.) and

dietary fiber (D.F.) from suffins:

oat bran 2.5 5.0

oat/wheat 0.9 5.3

vheat bran' 0.33 5.5

*estimated
Kshn et al., Intervention, 16 men and women, age One group begen immediate All groups, including the No dietary assessment
1990 rerxiomized, 51-54, hypercholesterol- intervention on oat bran for 3 control group, had § TC but before or during test.
(Ref, 25) control led. emic (215-314 mg/dL); weeks; other group was the there was no significant Subjects experienced some

some were disbetic.
Free living

untreated control for 3 weeks,
then they started the intervention
for 3 weeks. This was followed by
8 6-week washout period during
which blood samples were taken,
Test subjects consumed 80 g oat
bran (estimated 6 g soluble fiber)

r day, added to the diet ss oat

an suffins (4 per day). Esch
wuffin provided 112 Calories and
20 g ost bran. Subjects' usual
diets were not assessed,

change in serum cholesterol
values when the test group
was compared to the control
group. Results showed 8
significant 1 in total
cholesterol by 8% and LDL
cholesterotl by 10X from
baseline when individual
values were examined.

weight loss,
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TABLE I--CONTINUED

Study Study Design Subjects Methods Results Comments
Keenan et al., Intervention, 145 men and women, ages Study designed with 3 periods (6 Total cholesterol and LDL Placebo was needed for
1991 randomi zed, 20-70; free living; weeks each period): period 1: step | decressed in all groups diet only group. Control
(Ref, 26) controlled, hypercholesterolemic 1 diet; periods 2 & 3: test during step 1 period (12.5- group initiatly dropped TC
double blind (207-267 mg/dL). 15% periods. Test products were 4%). Oat-wheat group had a end then returned to
with crossover dropout after provided. 3 groups: control, further 4 in TC of 2X (NS) on | baseline making it
randomization. wheat, and oat. The control group oat ceresl, followed by & 6X difficult to use as a

consumed step 1 diet for entire
study period. &-day food records
were collected in week 5 of each
period; baseline dietary intake
taken by self-administered food
frequency questionnaire.

Step 1 diet: fat celories: <30%
SFA calorfes: <10%
Cholesterol: 240 mg/day

2 ounces of oat bran ceresl and 2

ounces of ready-to-eat wheat

cereal were test fibers.

Oat bran: (3 g SF/day);

Wheat cereal (1 gram SF/day)

t in TC on wheat cereal. The

wheat-oat group hed no change

in TC on wheat and a 3%
decrease on oat. Control
group had significant
increase in TC back to

beseline during test periods.

Women under 50 found
resistant to oat bran

intervention. x

TSF Change
Control ig ;_C%
Step 8 12.5-
Step 1 6.2 .
Step 1 6.0
st - H 8.7 12.5-4
Dl:p 1.7 N.S.
Wheat 6.1 té
Step i 5.8 12.5-4
Wheat 6.0 N.8.
Oat 7.4 1 3

*Compared to beginning of
respective treatment period.

control. Variability among
groups in serum
cholesterol (evels at
beginning of treatment
periods.
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TABLE §--CONTINUED

Study Study Design Subjects Methods Resul ts Comments
Kesaniemi et intervention, 34 men, free living, Purpose of study to evaluste High fiber diet: TC 15X, HOL Dietary intakes of total
al, 1990 randomized, normal serum cholesterol cholesterol metabolism on high and 18X and LDL 47%. (all carbohydrate, energy and
(Ref.27) self- (223-238 mg/dL). low mixed-fiber diets. A 16-ueek statistically significant) protein intake were lower

control led, Helsinki, Sweden; 3 were | study: 8-week low fiber period and on high-fiber diet. Fat
crossover mildly hypertensive, 3 an 8-week high fiber period. Diets intake did not differ
hed gallstones, 1 had for both groups were self simiﬁcu\tly between the
history of myocardial selected, High fiber diet groups, but the high fiber
infarction, and 1 had consisted of unpurified corn diet did contsin less
maturity onset disbetes products, fruits, vegetsbles, total fat, with a higher
mellitus, salads, berries, fiber-cereal polyunsaturated to
{made with ost flakes and guar gum saturated ratio. The high
and pectin) end grshem biscuits fiber group consumed
(fortified with bren end carrots). significently higher
Low fiber diet: avoid eating tevels of vegetables,
unpurified cereal products, ceresl, fruits, and
vegetables, salads, fruits and berries, compsred to the
berries. tow-fiber group.
: 11.6 g per day
mean intake total fiber (3 g of
which is viscous fiber)
i i : 26.2 g per day
mean intake total fiber (12.8 g
of which is viscous fiber)
7-day food records were kept
during week 8 of study.
Kestin et al., Intervention, 24 men, 29-61 years, 3-week control period prior to Oat bran diet: TC I 5X The smounts of soluble
1990 randomized, mild to moderate hyper- test; & weeks on each of 3 test (significant) compared to fiber and insoluble fiber
(Ref. 28) double blind, cholesterolemia (186-293 diets; no washout. Test fibers, baseline, The decrease was in the three test diets
controtled with mg/di) oat bran, wheat bran, rice bran, mainly in the LDL fraction; were varied while total
trossover. were provided as bread snd DL incressed from baseline fiber was held constent.
Purpose to muffins; control - low fiber white in atll bran diets. Rice and The oat bran group had
compare bread, Fiber supplements were wheat brans did not cause higher soluble fiber than
separate added to individual's normal diet. significant lowering. the rice, wheat or
effects of Test fibers: basel ine

three cereal

brans (wheat,
rice, oat) on
plasma lipids

Qat bran: 95-g/d; 5.8 g of soluble
fﬂxr per day.

s 60 g/d; 2.9 g of
sollblo fibor per day.
dheot bran: 35 9/d; 2.6 g of
soluble fiber per day.
Base diet:
X fat calories: 31-37

X SFA calories: 12-13
Cholesterol: 250-300 mg/day
TDF: Baseline: 11.2 g/dsy
Test diet: 21  g/day
SF: OB diet: 10.3 g/dey
RB diet: 7.2 g/day .
W8 diet: 6.8 g/dey
/ 8aselin: 5.7 g/day
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TABLE [--CONTINUED

Study Study Design Subjects Methods Resul ts Comments
Lampe et al., Intervention, 34 men and women Three fiber types (wheat bran, charge from | Effect of fiber ina
1991 controlled, (college students), vegetable fiber, sugar beet fiber) beseline Lliquid base diet may not
(Ref. 35) crossover normel cholesterol; were tements to a controlled IDF _SF _XIC reflece tiber effect in
free-tiving; mean age liquid base diet for three weeks g/day regular foods. SFA and
27.1 years each, with »10-day washout between Fiber free 2 1 33 cholesterol intakes were
test periode. fibers wete provided 10gws 1" 1 14 higher on fiber free than
as breads and cereats, 30 g w8 9 3 u test diets. Short test
10 g vF 15 3 14 periods,
Base diet: Liquid formula diet 30 g VF 37 5 18*
providing 35-37X of kecals as fat; 30gSBF 30 8 114*
12-14X keals &s saturated fat; 558
mg cholesterol/day; fiber free. WB = wheat bran;
VF = vegetable fiber
ﬂeﬁ_ﬁm: 10 ¢ and 30 g/day (1.1 | SBF = sugar beet fiber
'] 2.6 g soluble fiber (SF), *Statistically significant
respactively) Changes in LDL were simitar.
Vgg;ngi% {1%}:: 10 g and 30 ¢
(2.7 9 +2 g SF)
S : 30 g (8.2 g SF)
Levin et al., Intetvention, 58 men and women, 21-70 8 weeks of diet therapy on s step psyllium diet: TC 16% and LDL | The psytlium group showed
1990 randomized, years old, free living; 1 diet (25% keals as fat; P:$ 1.0; 19% (both significant) from a small drop (not
(Ref. 37) double blind mi ldly hypercholesterol- cholesterol <200 mg/day, TOF 21- basel ine; placebo group, no statistically significant)
emic (235-245 mg/dL) g/dey; TSF 6.5-8.5 g/day) followed | change. in dietary fat intake,
by 16 wesks treatment with while the placebo showed
psyliium (Metamucil) or cellulose no change, There was some
as placebo. PSY or celiulose were weight loss in the
consumed in fluids tuice o day psyttium group. Subject
before meals. conpt isnce was 95%.
TSP in PSY (10.2 g/day) group sn
estimated 13 g/day.
Little et al., Intervention, 184 men, ages 58-61; 8-week intervention with five Low fet diet: TC 14.7% (S) Changes fn serum
1990 controlied free living, treated for groups: compared to baseline; cholesterol were same for

(Ref. 42)

hypertengion and
hypercholesterolemia
(2460-267 mg/dL)

Group 1: no dietary change
Group 2: high fiber
Group 3: louw sodium
Group 4: low fat (25X cal)

Combination low-fat, high
fiber diet: TC 14.1X (S)
compared to beseline; LDL was
not § significantly in either

low fat diets and for low
fat and high fiber diet.
Authors suggest low fat
was the effective

Group S¢ low fat, high fiber diet group ard TC lowering tutrient,
Fiber was not defined. Total for these two groups were not
dietary fiber, including soluble different from each other.
and insoluble, was 40-45 g/day. High tiber diet: TC 11X (NS).
L] ¥

¥0909
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TABLE 1--CONTINUED

Study Study Design Subjects Methods Results Comments
Lo and Cole, Intervention, 12 men, 8 women ages 27- 12-week study: two 6-week test After first 6 weeks: This study has a Elacebo
1990 randomized, 40; free living: normo- pericds with sdditions! 3-week Soy group: TC I8X (S), Lol group, is double-blinded
(Ref. 43) double blind, snd hypercholesterol - rest between periods. Soy 7% (8). and randomized. Fat intake
crossover emic (210-279 mg/dL) cotyledon fiber, made into cereal Placebo group: TC 12%, LDL in the two groups were
arct bread, was supplemented in 3 15% (8). borderline significantly
divided portions to the subjects’ different; neither the
normal diet. After crossover, subjects on saturated nor
Soy: 15 g dietary fiber: 4.3 g of soy hed a non-:fgni ficant polyunsaturated intakes
soluble fiber and 13 g of reduction of cholesterol. The | are measured. The authors
ingoluble fiber per day greatast cholesterol did not keep total dietary
reduction occurred within the | fiber constant between the
placebo supplements: 4-5 g dietary first six weeks, groups. Results varied by
fiber, 1.2 g soluble fiber, 3 g order of treatment,
insoluble fiber. Dietary intake '
agsesged from 3-day distary
records. b
t cel So
g Ecals fat gﬁ ‘331
Cholesterol 290 mg 270 mg
TDF 13 ¢ 26 g
Mcintosh et intervention, 21 men, aged 30-59; free | 3-week baseline period followed by | Compared to baseline: barley: The authore, in their
al., 1991 tandomi zed, living, mild to 4 wesks on each diet. No washout iTC about 2% and LDL 41X snalysis, controlled
(Ref. &4) crossover; moderately to high between test periods. Barley and (both NS); wheat: TC 14X and statisticatly for the P/S
purpose - to cholesterol (209-270 wheat foods were provided. Barley LOL 16X, The group consuming and fibers. Resuits
compare barley mg/dL); South Australis (high in p-glucan) was tested barley during the first test difficult to interpret
vs wheat foods against whest; dietary intake period had no difterence in since whest was used as »
and their assessed from 24-hour recall every | serum total cholesterol, then |} control. Comparisoh to
influence on third day throughout study. e small tncrease in baseline chotesterol shows
serum g,fgu SH;: 38 g OF, 13 g SF, 25 cholesterol on wheat. Those onl{ o slight effect of
cholesterol g Inso e fiber (th, 898 consuming wheat first, then berley on 1C. The suthors
{evels. glucen, bariey showed increased serum | account for the difference

: 38 g0DF, 13 gSF, 25 ¢
1F, 1.5 g p-glucen.

Base diets 31-35X kecals as fat,
25-26% kcals as saturated fat, P/S
1.6, IDFs 21 g/day: SF: 7 g/day.

total cholesterol, then
decreased cholesterol on
bartey,

in response between groups
by suggesting that & weeks
was too short a test
period.

Mcivor et al.,
1985

(Ref. 45)

latervention,
controlled

8 men and women, obese,
ages 45-50, with non-
insul in dependent
diabetes, free living;
normal cholesterol (mean
222 mg/dL).

§-month {ntervention with graduat
phase-in of guar gum within first
&-8 weeks, Guar gum added to
subjects' normal diets in granola-
type bars. Ss began with 1 granola
bar/day and increased to &
bars/day, These were eaten with
meals, Control group consumd
granols bars without guar gum; no
distary sssessment of normel diet,
Guar gum intake: up to 32 g/day
(4.8 bars/day - each bar had 6.6 ¢
guar gum and estimated 22 g SF),

After 6 months, serum total
cholesterol was not
significantly different from
baseline. LDL and HDL

components were not
discussed.

Diet was not monitored.

B
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TABLE 1--CONTINUED

$tudy Study Design Subjects Methods Results Comments
Newman et al., Intervention, 14 men, 35 years or 4 weeks of pretreatment with The wheat group had a Total fat intake was
1989 randomi zed, older, free living, normal diet (see below) followed significently higher total significantly different
(Ref. 50) single blind; normal serum cholesterol by 4 wks of test. Cereal snd beked cholesterot and LDL at the between the gr
: purpose - to 161-247 mg/dk goods containing hulless berley end of the study than at the initially. Over the
compare barley (10X p-glucen) were provided for beginning. The barley group course of the study, there
with wheat high fiber, high p-glucan group. showed no significant change is a large 1 in the test
sources of Ceresl and baked goods containing from the beginning to the end group's fat intake, and no
fiber. 75% wheat flour/25X% wheat bran of the study. change in the wheat group.
{0.5% §-glucan) for low fiber, low
p-glucan group. 3-day dietary
history recorded last 3 days of
study.
Pre-treatment diets
o
Wheat Barley
X fat kcals 35 42
0F, ¢ 7.6 4.9
X fat kcals § 35
IDF, g 46.4 44,0
Shutler et al., Intervention, 13 non-smoking men, 18- A 42-doy study: 2 weeks test with Test group, while eating Sat. fat and PUFA
1989 randomi zed, 26 years old; free canned beans added to normat beans: TC 112X (S); and HOL (polyunsaturated fatty
(Ref. 53) self- living; normal diets, followed by a 3-week wash- 115% (S) compared to acids) changes in intake

control led, not
blinded

cholesterol (mean of 196
mg/dL)

ocut period, then a Y4+day control
with spaghetti, foliowed by
subjects' regular diets for 20 or
more days. Beans: 1 cen (450 g)
per day (soluble fiber not
assessed); Spaghetti: 1 can (440
9) per day. 3-day food diary kept
for the pre-trial, bean, and
spaghetti periods.

S

X fat kcals

P:s 0.4 0.4 0.4
Chol, mg 290 208 174
TDF, g 25 60 24

baseline. After a washout
period, the same group,
substituting spaghetti for
beans showed no effect in
cholesterol reduction
compared to baseline.

during the test periods
were similar. No data on
soluble and insoluble
fibers. Short test period
is a limitation of study.

Stewart et al.,
1991
(Ref. 55)

Intervention

Test: 175 men and women,
mesn age 77 years.
Treatment group was
selected from ambutatory
elderly participants
attending a health
screening and who had
been using psyllium as a
laxative or stool
softener for at least 1|
month.

The control group
consisted of 741, mean
age 75, and wis selected
from program
participants not using
puyllitﬂ.

The test perticipants hed to be
taking psyllium (PSY) for st least
one month to one year. The intake
of PSY varied from less than 9 g
(soluble fiber estimated at 7-8 g)
per day to over 19 g (5F estimated
at 15-17 g) per day. The regular
diet of the participants was not
sssessed.

Those taking grester than 15-
17 ¢ of soluble fiber from
psyllium per day had a i4.1X
in 7C (significent). Those
teking less than 8 g of
soluble fiber from psyllium
had no significant change in

Comparing tsking any amount
of psyllium to taking none,
did not show a significant
difference. Inteke of PSY was
significantly correlated with
change in serum cholasterot.

Some selection bias may
have occurred since the
test group included only
regular users of bulk
taxative and the control
group only regular non-
users. The quantity of
the psyllium test intake
was not controlled.
Treatment group were older
than controls (77 vs 55
years).

90909
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TABLE 1--CONTINUED

Study Study Design Subjects Methods Results Conments
Superko et al., Intervention, 50 men; aged 39-63; free | An 8 week study with 3 groups: At & weeks: Study is blinded and fat
1988 randomized, living; mitd to test group consumed medium- ed{ scosit r_gr intake Was measured and
(Ref, 56) single blind moderately hyperchotes- viscosity guer gum (liquid or TC 110% (S) and LDL 314X (S) assessed for differences

with crossover

terolemic (205-282
mg/dL)

solid form) for 4 weeks on one
diet, then crossover to other form
of guer for 4 weeks. Second group:
high viscosity guar - consumed in
solid form for & weeks only.
Cantrol group consumed placebo for
B8 weeks. Diet was seif-selected
except for fiber supplements and
acebo

Suar gum intske: 15 g/day,
(estimated soluble fiber of 10.5
2ldly). Placebo intake: 15 g/day.

~day dienrz‘records were
ocbtained at baseline and at endd of
each test period,

fl_'o- baseline.

Mym.ﬁy_nar_m Tc
115% (S) LDL 18X (S)

from baseline,

ebo gr TC 14X from
baseline (NS) and i7X drop in
LDL (NS).
At 8 weeks:
the In ! total
cholesterol [evels fncreased

during the second half of the

study.

Net effect over the 8 weeks

of the study: a NS difference

between guar groups and the
placebo.

between groups. Results
differed between the first
4 weeks and the second 4
weeks of guar-supplemented
diets meking it difficult
to draw conclusions about
the effect of guar gum on
serunm cholesterol.

Swain et al.,
990

(Ref. 57)

Intervention,
randomized,
double blind,
crossover

4 male, 16 female
hospital esployees; 23-
49 yrs old; free-living;

normal cholesterol: mean
185 mg/dt

6-week test period followed by a
2-week washout, then crossover to
other diet for 6 weeks. Oat bran
and wheat bran were fiber sources
added to subjects' regular diets.
l;{enry intake :ssn:eﬂ u{t:lhfood
[ y questionnaire; &-day
fmordc kept during Sth test
week of each test perfod.

Oat bran: 15 g soluble fiber
($.F.)/day
wheat bran: 3.7 g S.F./day

Base diet
Fat: 31X of kcals; high fiber
perfod had 35X keals ss fat, which
came from unsatursted fat in oat
bran supplements. Authors contend
the additional fat does not affect
serum cholesterol.

High fiber: total serum
cholesterol (TC): 17.5%%;
LOL: 19.1X%

Low fiber: TC 17.1%%+; LDL:
16.4%%+

*gignificantly lower from
basel ine

+no difference between groups

Authors proposes that
substitution of either wheat
or oat fiber for dietary
saturated fat causes the
decrease in 1C.

No placebo. Study rssults
limited by small number of
subjects and short test
period.

Taneja et al.,
1989
(Ref. 58)

Intervention,
controlled
crossover

11 Indian girls, 16-18
years old; free living,
normal cholesterol (mean
182 mg/di)

A 6-week study: 3 weeks on low
fiber foods; 3 weeks on high fiber
foods, Controlled tow fiber diet:
refined cereals, dehusked pulses,
potatoes, milk, curd, eggs, low
fiber vegetables. High fiber
diet: same diet with added isagbol
husks. Isagbol husks ~ 25 g
(estimated 20-22 g SF) per day.

Kigher fiber diet: 1C
significantly lower (17%X)
cotpared to low fiber diet.
LOL and HDL components are
not discussed.

the initial TC levels of
each greup are not
reported. In addition, the
fat intake is lower in the
high fiter group, and
soluble and insoluble
components of the {sabgol
husk diet are not

reported.
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TABLE 1--CONTINUED

Study

Study Design

Subjects

Methods

Results

Comments

Tuomilehto et
al., 1988
(Ref. 59)

Intprvention,
placebo-
control led,
crossover

23 men and women, 37-67
years, free living;
severely hypercholes-
terolemic (range 309-553
mg/dL); & had type 11

disbetes, 8 had

hypertension, five had
familial hypercholes-

terolemia.

A 1-year study: 1 month placebe
period at start, followed by 50
weeks of test with guar gum, then
4 weeks of placebo period.
Subjects told to mix guar gum
granules with water and take
before a meal or mix granules with
food. Placebo: granulated wheat
flour consumed the same as guar.
Guar and wheat granules were added
to Ss normal diet (not defined).

%gg_g%g: 15-30 g/day (estimated
.5-21 g soluble fiber)

Whest f!%'r: 15 g/day
Dietary intake monitored by food

diary for 4 days before test
riod and at weeks 17 and 33.

Haximm TC 418X (S) after 8
weeks; then 7 to 8 final TC
level (347 mg/dt)
significantly lower (10.5X)
than baseline. During final
placebo month, serum
cholesterol t to pretreatment
level. Higher intskes of
soluble fiber (14-21 g/day)
from 20-30 g guar were not
well tolerated. At 34 weeks:
LOL 115X (S).

Subjects had severely high
1C and many with other
medical problems. There
was some weight loss (4.4
lbs) which was not
statistically significant,
but must be considered
when interpreting the
results. Diet was not
defined, nor was soluble
fiber intake defined.

Van Horn et
at,, 1
(Ref. 68)

Intervention,
randomized,
controlled with
crossover

236 men and women, ages
30-65, free living;
normo-cholesterolenic

€163-247 mg/dL)

A 12-week study: & weeks on
control diet and 8 weeks on test
diet. Both test and control groups
consumed the Phase 11 American
Heart Association (AHA) diet
thrw.hwt the study. The test

group consumed 58 g ostmeal/day
for for 8 weeks.

total fat: < gox calories; equal

distribution among saturated,
mono-unsaturated, and poly-
unsaturated fltty acids. Dietary
cholesterol: 250 mg/day.

56 g per day oatmesl: 8.4 g
dietary fiber and 4.2 g of solublc
fiber.

Serum cholesterol levels at
baseline and after 4 weeks on
the AHA diet were similac for
both groups.

After 4 ngﬁg;
test group had significantly

lower serum cholesterol than
control group,
significant

ifference in total serum
cholesterol between groups.
Changes in LDL peralleled
changes in total cholesterol.
Similar and nonsignificant
increases occurred in HOL in
both groups. Subgroup
snalysis showed that subjects
in test group with highest
baseline serum cholesterol
had greater reductions in
cholesterol. No change in
LDL. The low fat diet was
sffective {n lowering serum
cholesterol

No beneficial effect of
soluble fiber from catmesl
on serum cholesterol after
8 weeks.
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Study Study Design Subjects Methods Results Conments
Van Horn et Epidemiological 5,111 men and women, 18- 3 diets: a) tower SFA, high PUFA; Dietary fiber is inversely Dietary analyses did not
al., 1991 cross sectional 30 years; norsel b) lower SFA and figsh; c) lower and significantly correlated sssess soluble snd
{Ref. 65) survey cholesterol levels SFA and ceresl with TC and LDL; end insoluble components of
positively and significantly dietary fiber. Also, the
correlated with HOL in 25-30 study did not control
year-old white women. confounders such as
smoking, alcohol use,
exercise, or fat intake
differences between
groups. Single samples
for cholesterel anslysis
could not correct for
intraindividual
variability. Statistical
significance was not
adjusted for multiple
comparisons.,
Van torn et Intervention, 30 men and women, mild Two groups: control group consumed | The test group, while The study was not blinded;
al., 1991 randomi zed, to moderate h holes- reguiar diet; test group consumed supplementing their diet with the test group reduced
(Rcf. &%) controlled terolemia (213-285 regular diet plus instant oats (2 oatmeal: TC 16% (S); both the | their intake of total fat,
ng/d) packets/day - 57 g). LOL and the LOL/MOL ratio saturated fat and dietary
IDE _8F 13 19X. The control group cholesterol, and mey have
Oatmeal 5.69 2.2g 3.4 g no change. ch“d. other lifestyle
anges .
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