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SUMMARY: The Food and Drug Administration (FDA) is authorizing the use, on food labels and

in food labeling, of health claims on the association between plant sterol/stanol esters and reduced

risk of coronary heart disease (CHD). FDA is taking this action in response to a petition filed

by Lipton (plant sterol esters petitioner) and a petition filed by McNeil Consumer Healthcare (plant
stanol estégs petitioner). Based on the totality of publicly available evidence, the agency has
concluded that plant sterol/stanol esters may reduce the risk of CHD. |

DATES: This rule is effective [insert date of publication in the Federal RegiSter]. Submit written
comments by [insert date 75 days after date of publication in the Federal Register]. The Director
of the Office of the Federal Register approves the incorporation by reference in accordance with

5 U.S.C. 552(a) and 1 CFR part 51 of certain publications in 21 CFR 101.83(c)(2)(ii)(A)(2) and
(©)2)(ii1)(B)(2), as of [insert dateof publication in the Federal Register].

ADDRESSES: Submit written comments to the Dockets Management Branch (HFA-305), Food and
Drug Administration, 5630 Fishers Lane, rm. 1061, Rockville, MD 20852.

FOR FURTHER INFORMATION CONTACT: Sharon A. Ross, Center for Food Safety and Applied
Nutrition (HFS-832), Food and Drug Administration, 200 C St. SW., Washington, DC 20204,/\/ ) v /

202-205-5343.
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SUPPLEMENTARY INFORMATION:

I. Background

The President signed into law. on November 8, 1990, the Nutrition Lubeling and Education
Act of 1990 (the 1990 amendments) (Public Law 111-535). This new law amended the Federal
Food, Drug, and Cosmetic Act (the act) in a number of important ways. One of the most notable
aspécts of the 1990 amendments was that they provided procedures whereby FDA is to regulate
h'ealth claims on food labels and in food labeling.

In the Federal Register of January 6, 1993 (58 FR 2478), FDA issued a final rule that
implemented the health claim provisions of the act for conventional foods (hereinafter referred
to as the 1993 health claims final rule). In that final rule, FDA adopted § 101.14 (21 CFR 101.14),
which sets out the rules for the authorization of health ciaims by regulation and prescribes general
requirements for the use of health claims. Additionally, § 101.70 (21 CFR 101.70) establishes a
process for petitioning the agency to authorize health claims about a substance-disease relationship
(§ 101.70(a)) and sets out the types of information that any such petition must include (§ 101.70(d)).

On January 4, 1994 -(59 FR 395), FDA issued a final rule applying the requirements of §§ 101.14

and 101.70 to health claims for dietary supplements.

FDA also conducted an extensive review of the evidence on 10 substance-disease relationships
listed in the 1990 amendments. As a result of its review, FDA authorized claims for 8 of these’
10 relationships, one of which focused on the relationship between dietary saturated fat and
cholesterol and reduced risk of CHD. CHD is the most common, most frequently reported, and
most serious form of cardiovascular disease (CVD) (58 FR 2739, January 6, 1993). Further, while
the agency denied the use on food labeling of health claims relating dietary fiber to reduced risk
of CVD (58 FR 2552, January 6, 1993), it authbrized a health claim relating fiber-containing fruits,
vegetableé; and grain products to a reduced risk of CHD.
In the proposed rule entitled ‘‘Health Claims and Label Statements; Lipids and Cardiovascular

Disease’” (56 FR 60727 at 60727, 60728, and 60732, November 27, 1991), FDA set out the criteria
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for eval: ' ~g evidence on diet and CVD relationshiys. including the relationship between diet
and CHD. FDA noted that. hecause of the public health importance of CHD. identification of
“modifiable”” risk factors for CHD had been the subject of considerable research and ‘public policy
attention. The agency also noted that there is general agreement that elevated blood cholesterol
levels are one of the major modifiable risk factors in the development of CHD. FDA cited Federal
Government ai.d other reviews that concluded that there is substantial epidemiologic and clinical:
evidence that high blood levels of total and low density lipoprotein (LDL) cholesterol are a cause
of atherosclerosis (inadequate blood circulation due to narrowing of the arteries) and represent
major contributors to CHD. Further, factors that decrease total blood cholesterol and LDL
cholesterol will also decrease the risk of CHD. FDA concluded that it is generally accepted that
blood total and LDL cholesterol levels are major risk factors for CHD, and that dietary factors
affecting blood cholesterol levels affect the risk of CHD. High intakes of dietary saturated fat
and, to a lesser degree, of dietary cholesterol are consistently associated with elevated blood
cholesterol levels. FDA concluded that the publicly available data supported an association between
diets low in saturated fat and cholesterol and reduced risk of CHD (58 FR 2739 at 2751).

The agency has authorized other health claims for reducing the risk of CHD using the
aforementioned criteria. In the final rule entitled ‘‘Health Claims; Dietary Fiber and Cardiovascular
Disease’’ (58 FR 2552), FDA concluded that the publicly available scientific information supported
an association between fruits, vegetabies, and grain products (i.e., foods that are low in saturated
fat and cholesterol and that are good sources of dietary fiber) and reduced risk of CHD through
the intermediate link of blood cholesterol (58 FR 2552 at 2577 (codified at §‘ 101.77)). In response
to two petitions documenting that dietary consumption of soluble fiber from beta-glucan from oat
products and psyllium seed husk significantly reduced blood cholesterol levels, FDA authorized
health claims for soluble fiber from certain foods and reduced risk of CHD in § 101.81 (21 CFR
101.81) (62 FR 3584 at 3600, January 23, 1997, and amended at 62 FR 15343 at 15344, March
31, 1997, pertaining to beta-glucan from oat products. and 63 FR 8103 at 8119, February 18,
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- 1998 pertrining to psvllium sead husk). More recent!*. FDA authorized -~ health claim for soy
protein and reduced risk of CHD in § 101.82 (21 CFR 101.82) (64 FR 377uu. October 26, 1999),
In the final rule authorizing the claim, the agency concluded, based on the totality of publicly
available scientific evidence, that there is significant scientific agreement that soy protein, included
at a level of 25 grams (g) per day (d) in a diet low in saturated fat and cholesterol, can help

reduce total and LDL cholesterol levels, and that such reductions may reduce the risk of CHD

(64 FR 57700 at 57713). The dietary fiber and CVD (56 FR 60582 at 60583 and 60587, November
27, 1991), soluble fiber from beta-glucan from oat prcducts and CHD (61 FR 296 at 298, January
4, 1996), soluble fiber from psyllium seed husk and CHD (62 FR 28234 at 28236 and.28237, |
May 22, 1997), and soy protein and CHD (63 FR 62977 at 62979 and 62980, November 10.

1998) health claim reviews in the proposed rules were conducted in accordance with the 1991

criteria for evaluating the evidence between diet and CHD (56 FR 60727 at 60727, 60728, and

60732.

The present rulemaking is in response to two health claim petitions. One health claim petition
concerns the relationship between plant sterol esters and the risk of CHD, and the other concerns
the relationship between plant stanol esters and the risk of CHD. Although the plant sterol esters
petition characterizes the petitioned substance as vegetable oil sterol esters, FDA believes it is
more accurately characterized as plant sterol esters. The petition states that Vegetablle oil sterol

esters consist of esterified plant sterols (Ref. 1, page 3). The petition also mentions that canola

oil is one of the oils used as a source for the sterol component of vegetable oil sterol esters (Ref.

1, page 82). Canola o4l is derived from a seed (rapeseed). Aithough seeds are clearly part of the
plant kingdom, they are not ordinarily thought of as vegetables. Therefore, FDA is concerned that
the term ‘‘vegetable oil sterol esters’” may not be understood to cover esterified sterols from sources
like canola oil. Accordingly, the agency is using the term “‘plant sterol esters’’ throughout this

document. For purposes of this rule, plant sterol esters and plant stanol esters will be referred

to collcctively as ‘‘plant sterol/stanol esters.’’
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II. Petitions © -~ Plant Sterol/Stanol Esters and Reduced Risk of CV'D

A. Background

Lipton submitted a health claim petition to FDA on February 1. 2000, requesting that the
agency authorize a health claim on the relationship between consumption of certain plant sterol
ester-containing foods and the risk of CHD (Refs.1 through 4). Specifically, Lipton requested that
spfeads énd dressings for saladi containing at least 1.6 grams of plant sterol esters per reference
amount customarily consumed be authorized to bear a health claim about reduced risk of CHD.
On May 11, 2000, the agency sent this petitioner a letter stating that FDA had decided to file
the petition for further review (Réf. 5). On June 26, 2000, Lipton submitted a request asking FDA
to exercise its authority under section 403(r)(7) of the act (21 U.S.C. 343(r)(7)) to make any
proposed regulation for its petitioned health claim effective upon publication, pending consideration
of public comment and publication of a final rule (Ref. 6). If the agency does not act, by either |
denying the petition or issuing a proposed regulation to authorize the health claim, within 90 days
of the date of filing, the petition is deemed to be denied unless an extension is mutually agreed
upon by thé agency and the petitioner (séction 403(;3(4)(3)0) of the act ana:21 CFR
101.70(j)(3)(iii)). On August 2, 2000, FDA and th: plant sterol ester petitioner agreed to an

extension of 30 days, until September 6, 2000 (Ref. 7).
On February 15, 2000, McNeil Consumer Healthcare submitted a health claim petition to

FDA requesting that the agency authorize a health claim on the relationship between consumption
of plant stanol ester-containing foods and dietary supplements and the risk of CHD (Refs. 8 through

14). On May 25, 2000, the agency sent this petitioner a letter stating that FDA had decided to

! The agency is using the term “‘dressings for salad’’ throughout this document in lieu of the term “‘salad
dressing’’ used by the petitioners because the standard of identity for ‘‘salad dressing” in § 169.150 (21 CFR 164.150)

refers to a limited class of dressings for salad, i.e., those that contain egg yolk and meet certain other specifications.

*‘Salad dressing’’ as defined in § 169.150 does not include a number of common types of dressings for salad, such

as Italian dressing.
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file the petition “or further review (Ref. 13). On Juae 14. 2009, McNeil Con-mer Healthcare
submitted a request asking FDA to exercise its authority under section 403(ri(7) of the act to |
make any proposed regulation for its petitioned health claim effective upon publication, pending
consideration of public comment and publication of a final rule (Ref. 16). On July 17. 2000, FDA

and the plant stanol ester petitioner agreed to an extension of the deadline to publish a proposed

regulation until September 6, 2000 (Ref. 17).

In this interim final rule, the agency concludes that a health claim about plant sterol/stanol
esters and reduced risk of CHD should be authorized under the standard in section 403(r)(3XB)(1)
of the act and § 101.14(c) 0f FDA’s regulations and should be made effective upon publication
under section 403(r)(7) of the act, pending consideration of public comment and publication of
a final regulation. The agency is requesting comments on this interim final ruje. Firms should
be aware that a final rule on this health claim may differ from this interim final rule and that

they would be required to revise their labels to conform to any changes adopted in the final rule.

B. Review of Preliminary Requirements for a Health Claim

1. The Substances Are Associated With a Disease for Which the U.S. Population Is at Risk

Several previous rules establish that CHD is a disease for which the U.S. population is at
- risk. These include rules authorizing claims for dietary saturated fat and cholesterol and risk of.
CHD § 101.75 (21 CFR 101.75)); fiber-containing fruits, vegetables, and grain products and risk
of CHD (§ 101.77); < luble fiber from certain foods and risk of CHD (§ 101.81); and soy protein
and risk of CHD (§ 101.82). FDA stated in these rules that CHD remains a major public health
problem and the number one cause of death in the United States. Despite the decline in deaths
from CHD over the past 30 years, this disease is still exacting a tremendous toll in morbidity
(illness and disability) and mortality (premature deaths) (Refs. 18 through 20). There are more
than 500,000 deaths each year for which CHD is the primary cause, and another 250,000 deaths

'forvwhich CHD is a contributing cause. About 20 percent of adults (male and female; black and
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white, ages 20 to 74 years have blood total cholestero” for serunt cholesterol) 'avels in the “*high
risk”’ category (total cholesterol greater than (>) 240 milligrams (mg) / deciliter (dL) and LDL
cholesterol > 160mg/dL) (Ref. 21). Another 31 percent-have "borderline high” cholesterol levels
(total cholesterol between 200 and 239 mg/dL and LDL cholesterol between 130 and 159 iy,
‘dL) in combination with two or more other risk factors for CHD.

CHD has « significant effect on health care costs. In 1999, total direct costs related to CHD
were estimated at $53.1 billion, and indirect costs from loss of productivity due to illness, disability,
and premature deaths from this disease were an estimated $46.7 billion (Ref. 22). Based on these

facts, FDA concludes that, as required in § 101.14(b)(1), CHD is a disease for which the U.S.

population is at risk.

2. The Substances Are Food

The substances that are the subject of this interim final rule are plant sterol esters and plant
stanol esters (Refs. 1 thrbugh 4 and 8 through 14).

a. Plant sterol esters. The substance that is the subject of the plant sterol ester petition is
a mixture of plant sterols esterified to food-grade fatty acids. The sterols are primarily (beta-
sitosterol, campesterol, and stigmasterol and afe extracted from plant sources (Ref. 1, page 6).
Plant sterols occur widély tMoughout the plant kingdom and are present in many edible fruits,
vegetables, nuts, seeds, cereals, and legumes (Refs. 23 and 24). The plant sterdls in foods may
occur as either the free sterol or estex_‘ified with a fatty acid.

Several studies have estimated dietary plant sterol intake. From a population in the Los
Angeles area, Nair et al. (Ref. 25) found that plant sterol (beta-sitosterol and stigmasterol) intake
ranged from 77.9 mg/d'in the general population to 343.6 mg/d in lacto-ovo vegetarians. The 1991
British diet was estimated to contain about 158 mg/d of sterols (beta-sitosterol, stigmasterol, and
campesterbl) (Ref. 26). Scandinavian vegetarians consume, on average, 513 mg/d and
nonvegetarians 398 mg/d (Ref. 27). Plant sterol intake in the Japanese diet has been estimated

“at 373 mg/d (Ref. 28). In an analysis of diets of participants in the Seven Countries Study, deVries
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et al. (Ref. 29) found jiant sterol intake (sitosterol. stizmasterol and cuimpesterolr to range from
170 mg/d among U.S. railroad workers to 358 mg/d in Corfu. Greece. In a review. Ling and
Jones (Ref. 30) estimated average U.S. intake at 250 mg/d; it was speculated that this level was
doubled among vegétari'ams. Thus, plant sterols are a constituent of the diet for Americans and
other population groups.

According to the plant sterol ester petitioner, the solubility of free sterols in oil is unly 2
percent, but the solubility of sterol esters in oil exceeds 20 percent (Ref. 1, pages 14 and 99).
Theréfore, the free plant sterols are esterified with fatty acids from sunflower to imprové solubility.
The petitioner also notes that improved solubility of plant sterols creates a palatable product and
is associated with more uniform distribution in the product and in the gastrointestinal tract (Ref.

1, page 14). In vegetable oils, typically between 25 and 80 percent of the sterol is in the ester
form (Refs. 31 through 34). One gram of plant sterols is equivalent to about 1.6 g of plant sterol
esters (Refs. 35 and 36).

Under § 101.14(b)(3)(i), the substance that is the subject of a health claim must contribute
taste, aroma, or nutritive value, or any other technical effect listed in § 170.3(0) (21 CFR 170.3(0)),
to the food and must retain that attribute when consumed at the levels that are necessary to justify
a claim. Plant sterol esters do not contribute taste, aroma, or any other technical effect listed in
§ 170.3(0), and thus the plant sterol esters must contribute nutritive value to meet the requirement
in § 101.14(b)(3)(i). ’

The term ‘nutritive value’ is defined in § 101.14(a)(3) as ‘‘value in sustaining human existence
by such processes as promoting growth, replacing loss of essential nutrients, or providing energy.’’
In the proposed rule entitled ‘‘Labeling; General Réquirements for Health Claims for Food’’ (56
FR 60537, November 27, 1991), FDA proposed this definition and explained its interpretation of
nutritive V‘j'alue in the context of whether a substance is .. food and thus appropriately the subject
of a health claim (56 FR 60537 at 60542). The agency ihdicated that the definition was formulated

based on the common meaning of the words that make up the term ‘‘nutritive value.”” The agency
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also added that use of the phrase “‘such processes us™™ n the definition of nutritive value was
intended to provide a méasurc of flexibility that the agency believed would be necessary in
evaluating future petitions. In the final rule adopting the proposed definition. the agency noted
that the evaluation of the nutritive value of substances would be done on a case-by-case basis
to best ensure that the definition retains its intended flexibility (58 FR 2478 at 2488). In a
subsequent final rule on health claims for dietary supplements (59 FR 395 at 407), FDA further
explained that nutritive value *‘includes assisting in the efficient funciioning of classical nutritional
processés and of other metabolic processes necessary for the normal maintenance of human
existence.”’

. The scientific evidence suggests that the cholesterol-lowering effect of plant sterol esters is
achieved through an effect on the digestive process (Ref. 1, pages 62 through 64). The digestive
process is one of the metabolic processes necessary for the normal maintenance of human existence.
Therefore, the agency concludes that the preliminary requirement of § 101.14(b)(3)(i) is satisfied.

b. Plant stanol esters. The substance that is the subject of the plant stanol ester petition is

a mixture ¢f plant stanols esterified to food-grade féitty acids. The stanols are primarily sitostanol
and campestanol and may be derived from hydrogenated plant sterol mixtures or extracted from
plant sources (Ref. 8, page 18). Sitostanol and campestanol occur naturally in small quantities
in the lipid fractions of cereal grains such as wheat, rye, and corn (Refs. 37 through 39) and
in vegetable oils such as corn and olive oil (Refs. 40 and 41). The average western diet provides
20 to 50 mg of plant stanols daily (Ref. 42).

According to the plant stanol ester petitioner, esterification of free stanols with fatty acids
renders plant stanols reaéily soluble in foods and makes ém effective vehicle for delivery of plant
stanols to the small intestine (Ref. 8, page 9). One gram of wood-derived plant stanols is equivalent

to about 1.7 g of plant stanol esters (Ref. 43), and 1 g of vegetable oil plant stanols is equivalent

to about 1.8 g of plant stanol esters (Ref. 43).
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As discussed in section [L.B.2.a of this document the subs -~ that is the subject of a health
claim must contribute taste. aroma, or nutritive value. or any other technical effect listed in
§ 170.3(0), 1o the food and must retain that atuibute whan consumed at levels that are necessary
to justify a claim (§ 101.14bX3)(1)). Plant stanol esters do not contribute taste, aroma or any other

‘ technical effect listed in § 170.3(0) and thus must conuribute nutritive value to meet thc requirement

in § 101.14(b)(3)(1). The term ‘‘nutritive value’’ is defined in § 101.14(a)(3) as “‘value in sustaining
human existence by such processes as promoting growth, replacing loss of essential nutrients, or
providing energy.”’

The scientific evidence suggests that the cholesterol-lowering effect of plant stanol esters is

achieved through an effect on the digestive process (Ref. 8, pages 11 through 12). As discussed
in section I1.B.2.a of this document and in the final rule on heaith claims for dietary supplements
(59 FR 395 at 407), nutritive value includes assisting in the efficient functioning of classical
nutritional processes and of other metabolic processes necessary for the normal maintenance of

human existence, such as digestive processes. Therefore, the agency concludes that the preliminary

requirement of § 101.14(b)(3)(i) is satisfied.

3. The Substances Are Safe and Lawful

a. Plant sterol esters. The plant sterol ester petitioner asserts that plant sterol esters are
generally recognized as safe (GRAS) for certain uses. In a submission dated fanuary 11, 1999,
the petitioner informed FDA of its conclusion that plant sterol esters are GRAS for use in vegetable
oil spreads at levels up to 20 percent (corresponding to 1.6 g of plant sterol esters per serving)
to supplement the nutritive value of the spread, and to help structure the fat phase and reduce
the fat and water content of the spreadwﬁ The January 11, 1999, submission included the supporting
data on which this conclusion was based. FDA responded to this submission in a letter dated
April 30, 1999 (Ref. 44). In its response, the agéncy stated, ‘‘Based on its evaluation, the agéncy
has no questions at this time regarding Lipton’s conclusion that vegetable oil sterol esters are

GRAS under the intended conditions of use. Furthermore, FDA is not aware of any scientific
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evidenso | : vegetable oil sterol esters would be har wful. The ageney has not, however, made
its own determination regarding the GRAS status of the subject use ol vegetable oil sterol esters™
(Ref. 445, In a letter dated September 24. 1999, the petitioner informed FDA of an additional

use of plant stero! esters in dressings for salad (Ref. 43). The letter contained additional safety

information to suﬁport the new use.
The agency notes that authorization of a health claim for a substance should not be interpreted

as affirmation that the substance is GRAS. A review of Lipton’s January 11, 1999, submission

and of its September 24, 1999, letter to the agency, however, reveals significant evidence supporting
the safety of the use of plant sterol esters at the levels necessary to justify a health claim. Moreover.
FDA is not aware of any evidence that provides a basis to reject the petitioner’s position that

the use of plant sterol esters in spreads and dressings for salad up t’o 1.6 g/serving is safe and
lawful. As discussed in sec‘tio‘n V.B of this document, the level of plant sterol esters necessary

to justify a claim is 1.3 g per day. Therefore, FDA concludes that the petitioner has satisfied

the requirement of § 101.14(b)(3)(ii) to demonstrate that the use of plant sterol esters in spreads

and dressings for salad at the levels necessary to justify a claim is safe and lawful. .

b. Plant stanol esters. Under the health claim petition process, FDA evaluates whether the

substance is ‘‘safe and lawful’’ under the applicable food safety provisions of the act

(§ 101.14(b)(3)(ii)). For conventiongl foods, this evaluation involves considering whether the
ingredient that is the source of the substance is GRAS, listed as a food additive, or authorized

by a prior sanction issued by FDA (see § 101.70(f)). Dietary ingredients in dietary supplements,
however, are not subject to the food additive provisions of il.. uct (see section 201(s)(6) of the
act (21 U.S.C. 321(s)(6)). Rather, they are subject to the new dietary ingredient provisions in section
413 of the act (21 U.S.C. 350b) and the adulteration provisions iﬁ section 402 of the act (21

U.S.C. 342). The term *‘dietary ingredient’’ is defined in section 201(ff)(1) of the act and includes

vitamins; minerals; herbs and other botanicals; dietary substances for use by man to supplement
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the diet by i~ reasing the total daily intake: and conce .trates. metabolite . :mstime{ns. extracts,
and combinations of the preceding ingredients.

A “‘new dietary ingredient’ is a dietary ingredicit that was not marketed in the United States
before October 15, 1994 (section 413(c) of the act). i a dietary supplement contains a new dietary
ingredient that has not been present in the food supply as an article used for food in a form in
which the food has not been chemically altered, section 413(a)(2) of the act requires the
manufacturer or distributor of the supplement to submit to FDA, at least 75 days before the dietary
ingredient is introduced or delivered for introduction into interstate commerce, information that
is the basis on which the manufacturer or distributor has concluded that a dietary supplement
containing such new dietary ingredient will reasonably be expected to be safe. FDA reviews this
information to determine whether it provides an adequate basis for such a conclusion. Under section
413(a)(2) of the act, there must be a history of use or other evidence of safety establishing that
the dietary ingredient, when used under the conditions recommended or suggested in the labeling
of the dietary supplement, will reasonably be expected to be safe. If FDA believes that this |
requirement has not been met, the agency responds to the notification within 75 days from the
date of its receipt. Otherwise, no response is sent. If a new dietary ingredient notiﬁcatibn has
been submitted and a history of use or other evidence of safety exists that establishes a reasonable
expectation of safety, the new dietary ingredient may be lawfully marketed in dietary supplements
75 days after the notification is submitted.

As previously noted, the plant stanol ester petitioner requested authorization to make a health
claim about plant stanol esters and the risk of CHD in :he labeling of both conventional foods
and dietary supplements. Because the standards under which the safety and legality of conventional
foods and dietary supplements are evaluated differ, the agency is discussing these tWo proposed
uscs separately.

i. Conventional foods. The plant stanol ester petitioner asserts that plant stanol esters are

GRAS. In a submission dated February 18, 1999, the petitioner informed FDA of its conclusion
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that plant st. - -1 esters are GRAS for use as a nut-ient in spreads";;; o ovel of 1.7g of plant stanol
esters per serving of spread. The Febfuaz‘y 18, 1994, submussion included the supporting data on
which this conclusion was based. FDA réspond-ed to this submission in a letter dated May 17,
1999 (Ref. 46). In its response, the agency stated, “*Based on its evaluation, the agency has no
questions at this time regarding McNeil’s conclusion that plant stanol esters are GRAS under the
_intended conditions of use. Furthermore, FDA is not aware of any scientific evidence that plant

~stanol esters wouvld be harmful. The agency has not, however, made its own determination regarding
the GRAS status of the subject use of plant stanol esters’’ (Ref. 46). Th.e petitioner’s GRAS
determination applies to plant stanol esters whose stanol components are prepared by the
hydrogenation of commercially available plant sterol blends, which are obtained as distillates from
vegetable oils or as byproducts of the kraft paper pulping process (Ref. 46). In letters dated July
21, 1999, and October 13, 1999, the petitioner informed FDA of additional uses of plant stanol
esters in dressings for salad and»snack bars (Refs. 47 and 48).

The agency notes that authorization of a health claim for a substance should not be interpreted
as affirmation that the substance is GRAS. A review of McNeil’s February 18, 1999, submission,.
however, reveals significant evidencé supporting the safety of the use of plant stanol esters at
the levels necessary to justify a health claim. Moreover, FDA is not aware of any evidence that
provides a basis to reject the petitioner’s position that the use of plant stanol esters in spreads,
dressings for salad, snack bars, and other foods is safe and lawful. FDA therefore concludes that
the petitioner has satisfied the requirement of § 101.14(b)(3)(ii) to demonstrate that the use of plant

stanol esters in conventional foods at the levels necessary to justify a claim is safe and lawful.

ii. Dietary supplements. The petitioner submitted a new dietary ingredient notification for plant

stanol esters on August 19, 1999.2 The new dietary ingredient notification contained several papers

o

2 The notification states that McNeil does not believe plant stanol esters to be a new dietary ingredient requiring

Continued

submission of a premarket notification, but that McNeil is voluntarily submitting the information that would be
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that reported = wesults of studies conducted in humans 1o tost hyvpocholesteslemic effects of
plant stanol esters as welil as a reference to the plant stunol ester petitioner's Gé;\S submission
of February 18, 1999, and the agency's response (o this submission in a letter dated May 17,
1999 (Ref. 46). In FDA's judgment, the studies sabmitted in the plant stanol esters new dietary
ingredient notification and GRAS submission appeareu to provide an adequate basis that a dietary
supplement containing plant stanol esters would reasonably be expected to be safe. Therefore, the
agency did not respond to the new dietary ingredient notification. Because the safety standard
in section 413(a)(2) of the act has been met and the new dietary ingredient notification was
submitted more than 75 days ago, plant stanol esters may now be lawfully marketed as dietary
ingred_ients in dietary supplements. Therefore, FDA concludes that the petitioner has satisfied the -
requirement of § 101.14(b)(3)(ii) to demonstrate that the use of plant stanol esters in dietary

supplements at the levels necessary to justify a claim is safe and lawful.
IIL. Review of Scientific Evidence of the Substance-Disease Relationship

A. Basis for Evaluating the Relationship Between Plant Sterol/Stanol Esters and CHD

" FDA'’s review examined the relationship between plant sterol/stanol esters and CHDV by
focusing on the effects of dietary intake of this substance on blood cholesterol levels and on the
risk of developing CHD. In the 1991 lipids-CVD und dietary fiber-CVD health claim proposals,
the agency set forth the scientific basis for the relationship between dietary substances and CVD
(56 FR 60727 at 60728 and 56 FR 60582 at 60583). In those documents, the agency stated that
there are many risk factors that contribute to-the development of CVD, and specifically CHD,
one of the most serious forms of CVD and among the leading causes of death and disability.
The agency also stated that there is genefral agreement that elevated blood cholesterol levels are

one of the major modifiable risk factors in the deve.opment of CVD and, more specifically, CHD.

required as part of such a notification *‘for the purpose of providin'g the Food and Drug Administration with advance

notice concerning its dietary ingredient’” (Ref. 49).
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Saveral Federal agencies and scientific bodies th ¢ huve reviewed the marter have concluded
that there 1s suﬁstamial epidemiologic evidence that hign blood icvois of total cholesterol and LDL
cholesterol are a cause of atherosclerosis and represent major contributors to CHD (36 FR 60727
at 60728. 56 FR 60582 at 60583, Refs. 18 through 2¢). Factors that decrease total cholestc.o.
and LDL cholesterol will also tend to decrease the risk of CHD. High-intakes of saturated fat
and, to a lesser Jegree, of dietary cholesterol are associated with elevaied blood total and LDL
cholesterol levels (56 FR 60727 at 60728). Thus, it is generally accepted that blood total cﬁolesterol
and LDL cholesterol levels can influence the risk of developing CHD, and, therefore, that dietary

factors affecting these blood cholesterol levels affect the risk of CHD (Refs. 18 through 20).

When considering the effect that the diet or compdnents of the diet have on blood (or serum)
lipids, it is important to consider the effect that these factors may have on blood levels of high
density lipoprotein (HDL) cholesterol. HDL‘ cholesterol appears to have a protective effect against
CHD because it is involved in the regulation of cholesterol transport out of cells and to the liver,
from which it is ultimately excreted (Refs. 18 and 50).

For these reasons, the agency based ifs evaluation of the relationship between consumption
of plant sterol/stanol esters and the risk of CHD primarily on changes in blood total and LDL
cholesterol resulting from dietary intervention with plant sterol/stanol ester-containing products.
A secondary consideration was that beneficial changes in total and LDL cholesterol should not

be accompanied by potentially adversé changes in HDL cholesterol. This focus is consistent with
that used by the agency in deciding on the dietary saturated fat and cholesterol and CHD health
claim, § 101.75 (56 FR 60727 and 58 FR 2739); the fibsr-containing fruits, végetables, and grain
products and CHD claim, § 101.77 (56 FR 60582 and 58 FR 2552); the soluble fiber from certain
foods and CHD claim, § 101.81 (61 FR 296, 62 FR 3584, 62 FR 28234, and 63 FR 8119) and
the soy protein and CHD claim, § 101.82 (63 FR 6297 and 64 FR 57700).
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B. Review of Scientific Evidence

1. Evidence Considered in Reaching the Decision

a. Plant sterol esters and CHD. The plant st~-0; 2sters petitioner submitted 15 scientific studies
(Refs. 51 through 60, 61 and 62 (1 study), 63 and 64 (1 study), and 65 through 67) evaluating
tﬁe relationship between plant sterol esters or plant sterols and blood cholesterol levels in humans.
The studies submitted were conducted between 1953 and 2000. The petition included tables that
summarized the outcome of each k/‘of the studles :faVnd a summary of the evidence.

~ The plant sterol ester petitioner states that since plant sterol esters are hydrolyzed to free
sterols and fatty acids in the gastroint_estinal tract (see Refs. 68 through 70), and free sterols are
the active moiety of plant sterol esters (see Refs. 69 and 71), the literature on free plant sterols |
has a direct bearing on this petition (Ref. 1, page 14). The agency agrees that the active moiety
of the plant sterol ester is the plant sterol and has concluded that studies of the effectiveness of
free plant sterols in blood cholesterol reduction are relevant to the evaluation of the evidence in
the plant sterol e;steré petition. Accordingly, FDA included such studies in its evélu‘ation of the
relationship between plant sterol esters and reduced ri<k of CHD if they met the study selection
criteria specified in section IIL.B.2 of this document.

In several previous diet and CHD health claim rulemakings, the agency began its review of
scientific evidence in support of the health claim by considering those studies thgt were published
since 1988, the date of publication of the ‘‘Surgeon General’s Report on Nutrition énd Health”’
(Ref. 18) which is the most recent and comprehensive Federal review of the scientific evidence
on dietary factors and CHD. That approach was not possible in this instance, however, as the
“‘Surgeon General’s Report on Nutrition and Health’” does not discuss the effects of dietary plant
sterols or plant sterol esters on blood cholesterol or CHD. A discussion of the role of dietary
sterols in CHD dbes appear in another roughly contemporaneous source, the National Academy

Press publication ‘‘Diet and Health: Implit:atibns for Reducing Chronic Disease Risk’’ (Ref. 19),

which was issued in 1989. That publication states:
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Long ago, plant sterols (beta-sitosterol and related copounds) were found t0 prevent absorption of
dietary cholesterw: (Best et al., 1955: Farquhar and Soko!o\\. 195s, Farquhar et al., 1956: Lees et al.,
1977 Peterson et al.. 1959), apparently by blocking 1bsomuon of cholesterol in the intestine (Davis, 1955.

Grundy and Mok, 1977, Jandacek et al., 1977; Mattson et al.. 1977). More recent reports indicate that

these compounds may be more effective in small doses than previously believed (Mattson et al., 1982).

'Thxs discussion hlghhghts the prev1ous and current emphas1s of research on the toplc Investigations
: 1n the 1950’s reported the effects of plant sterols on cholesterol absorpnon usmg ammal models
.and in a few human studles work in the l970’s exam.ned beta-sitosterol in the form of a drug
product to lower cholesterol in humans. In fact, beta-sitosterol is approved for use as a drug to
lower cholesterol (Refs.v72 and 73). More recent research has focused on smaller amounts of plant
sterols that are solubilized as fatty acicl esters of plant sterols in food products. The agency considers
the older research to be of little relevance to the petitioned health claim,because it concerned

forms and amounts of the substance different from those that are the subject of the petmon
Therefore, FDA included in its review only those studies published from 1982 (the date the Natzonal
Academy Fress publication refers to for the more ré:cent research reports (Ref. 19)) to the present
among those submitted by the petitioner (Refs. 51, 52, 57, 58, 61 and 62 (1 study), 63 and 64

(1 study), 65, and 67). In addition to eight studies submitted by the petitioner, FDA also considered
two other studies (Refs. 74 and 75) concerning the effects of plant sterol esters on blood cholesterol.
These two studies were identified by a literature search (Ref. 76) performed to verify that the

totality of publicly available scientific evidence had been submitted to the agency.

In addition to the human studies previously discussed, the plant sterol esters petition also
presented some ﬁndmgs from studles that employed animal models. Human studies are wetghted

most heavily in the evaluauon of ev1dence on a dzet andr disease relatlonslnp, ammal model studtes

e

can be cohsidered as supportmg ev1dence but cannot serve as the sole basis for estabhshmg that

a d1et and disease relatlonshtp exists. Because there were enough well- controlled studles in humans
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to evaluate ue relationship between plant sterol esters and CHD FDA wiw not closely review

the studies in animals.

b. Plant stanol esters and CHD. The plant stanol ¢ :ter petitioner submitted 21 scientific studies
(Refs. 63 and 64 (1 study), and 67, 77 through 80, 81 and 82 (I study), and 83 through 96)
evaluating the relationship between plant stanol esters or plant stanols and blood cholesterol levels
in humans. The studies submitted were conducted between 1993 and 2000. The petition included
fables that summarizg:.d.thc.,‘.céu‘tc,éme‘.of each of the studies and a summary of the evidence.

 Stanol esters are hydrolyzed. in the gastrointestinél tract to fatty acids and free stanols, and
investigators believe there is physiological equivalence of free stanols and stanol eéters in affecting
blood cholesterol concentrations. Accordingly, the agency concludes that studies of the effectiveness
of free plant stanols in blood cholesterol reduction are relevant to the evaluation of the relationship

between plant stanol esters and reduced risk of CHD when such studies meet the study selection

'criteria specified in section III.B.2 of this documént.

In several previous diet and CHD health claim rulemakings, the agency began its review of
scientific evidence in support of the health claim by considering those studies that were published
since 1988, the date of publication of the ‘*Surgeon General’s Report on Nutrition and Health’’
(Ref.. 18), which is the most recent and comprehensive Federal review of the scientific evidence
on dietary factors and CHD. The ‘‘Surgeon General’s Report on Nutrition and Health,”” however, '
did not discuss the effects of dietary plant stanol esters on blood cholesterol or CHD. Although
a discussion of the role of dietary sterols in CHD appears in the 1989 National Academy Press
publication ‘‘Diet and Health: Implications for Reducing Chronic Disease Risk,”’ there is no

‘mention of plant stanol esters in this publication (Ref. 19). In fact, research on the cholesterol-
lowering capacity of plant stanol esters has been a recent development. The agency used 1992

as a startigg point for its scientific evaluation, bécause this is the year that the earliest study
evaluating" the effects of plant stanol esters on blood cholesterol w'as published. The agency included

in its review 24 studies published from 1992 to preSént that were submitted by the petitioner or
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otherwic~ “t=yified (Refs. 58, 63 and 64 (1 study), 67, 74. 77 through 80, ol and 82 (1 study),

and 83 through 97). Of these, 21 studies (Refs. 63 and 04 (1 stuu,,. 57, 77 through 80, 81 and

82 (1 study), and 83 through 96) were submitted by the petitioner. Two studies (Refs. 74 and

97) were identified by a literature search (Ref. 76) performed to verify that the totality of publicly
available scientific evidence had been submitted to the agency. In addition, one recently published
study that was submitted infhe plant sterol esters petition included administration of plant stanol
esters (Ref. 58). This study was included in the plant stanol ester review.

In addition to the publishéd studies p?eviously discussed, the plant sianol ester p‘etitioner
submitted a summary of 10 unpublished studies (Ref. 8, pages 59 through 69). The unpublished
studies did not weigh heavily in the agency’s review because health claims are authorized based
on the totality of publicly available scientific evidence (see section 403(r)(3}(B)(i) of the act and

§ 101.14(c)) and because the summaries of these studies lacked sufficient detail on study design

and methodologies.

2. Critefia for Selection of Human Stﬁdies on Plant Sterol/Stanol Esters and CHD

The criteria that the agency used to select the most pertinent studies in both health claim
petitions were consistent with those that the agency used in evaluating the relationship between
other substances and CHD. -These criteria were that the studies: (1) Present data and adequate
descriptions of the study design and methods; (2) be available in English; (3) include estimates
of, or enough information to estimaté; intakes of plant sterols or stanols and their esters; (4) include
direct measurement of blood total cholesterol and other blood lipids related to CHD; and (5) be
conducted in persons who represent the general U.S. populauua. In the case 6f criterion (5), these
persons can be considered to be adults with blood total cholesterol levels less than 300 mg/dL,
as explained below. | | | | | ’

In aprevious mlémaking (62 FR 23234 at 28238 and 63 FR 8103 at 8107), the ég’ency |
concludedv that hypercholesterolemic study populations were relevant to the general populatibn

because, based on data from the National Health ahd Nutrition Examination Sutveys (NHANES) |
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I, the pro-zlence of individuals with elevated bloort cholesterol (1.e.. 207 mg/dL or greater) is
high, 1.e.. appoximately 51 percent of adults (Ref. 21, The proportion u: «dults having moderately
elevated blood cholesterol levels (i.e., between 200 ard 239 mg/dL) was estimated to be
approximately 31 percent, and the proportion of adul:s with high blood cholesterol levels (240
mg/dL or greater) was estimated to be approximately 20 percent (Ref. 21). It is also estimated
that 52 million Americans 20 years of age and older would be candidates for dietary intervéntion
 to lower blood cholesterol (Ref. 21).:As the leading cause of death in this country, CHD is a
disease for which the gen'é'ral U.S. population is at risk. Since more than half of American adults
have mildly to moderately elevated blood cholesterol levels, FDA considers studies in these
populations to be representative of a large segment of the general population. Accordingly, in this
rule, the agency has reviewed and considered the evidence of effects of plant sterol/stanol esters
on blood cholesterol in. mildly and moderately hypercholesterolemic subjects as well as subjects
with cholesterol levels in the normal range.

In selecting human studies for review, the agency excluded studies that were published in
abstract form because they lacked sufficient detail on study design and methodologies, and because
they lacked necéssary primary data. Studies using special population groups, such as adults with
very high serum cholesterol (mean greater than 300 mg/dL), children with hypercholesterolemia,
and persons who had already experienced a myocardial infarction (heart attack) or who had a

diagnosis of noninsulin dependent diabetes mellitus, were also excluded because of questions about

their relevance to the general U.S. population.

3. Criteria for Evaluacing the Relationship Between Plent Sterol/Stanol Esters and CHD

The evaluation of study design, protocol, measurement, and statistical issues for individual
studies serves as the starting point from which FDA determines the overall strengths and
weaknessgs of thae data and assesses the weight of the evidence. FDA’s *‘Guidance for Industry:
Significant Scientific Agreement in the Review of Health Claims for Conventional Foods and

Dietary Supplements’’ articulates the agency’s approach to evaluéting studies supporting diet/
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disease relatic.. hips (Ref. 98). The criteria that the agency used in e wwating the studies for this

rulemaking inciude: (1) Adequacy and clarity of the design (¢.g.. was the meihodology used in
~the study clearly described and appropriate for answering the questions posed by the study?); (2)

population studied (e.g., was the sample size large enough to provide sufficient statistical power
~to detect a significant effect?); (3) assessment of intervention or exposure and outcomes (e.g., was
the dxetary mtervenuon or exposure well defmed and approprrately measured") and (4) statrstlcal
f;%'methods (e. g were approprrate statlstlcal analyses applied to the data?). N

The general study design characteristics for which the agency looked included selection criteria

for subjects, appropriateness of controls, randomization of subjects, blinding, statistical power of

the studies, presence of recall bias and interviewer bias, attrition rates (including reasons for

attrition), potential for misclassification of individuals with regard to dietary intakes, recognition
‘and control of confounding factors (for example, monitoring body weight and control of weighr
_loss), and appropriateness of statistical tests and comparisons. The agency considered whether the
intervention studies that it e\)aluated had been of long enough duration, greater than or equal to

3 weeks duration, to ensure reasonable stabilization“of blood lipids.

As discussed above, dietary szrturated fat and -holesterol affect blood cholesterol levels (Refs.

19 and 20)_. Previous reviews by FDA and other scientific bodies have generally concluded that,

in persons with relatively higher baseline levels of blood cholesterol, responses to dietary
intervention tend to be of a larger magnitude than is seen in persons with more normal blood
cholesterol levels (56 FR 60582 at 60587 and Refs. 19 and 20). To take into account these factors,
FDA separately evaluated studies on mildly to moderately hyperchelesterolemic individuals
(persons with elevated blood total cholesterol levels of 200 to 300 mg/dL.) and studies on
normocholes,terolemic,individuals (persons with blood total cholesterol levels 1n the nqrmaI range
(< 200 mg/dL)). FDA y'als}‘c:) separately evaluéted‘ stﬂdies in which the effects of piant ’steroi\/_stjanbol
esters were evaluated as part of a “‘typical’” American diet (approximately 37 percent of calories

‘from fat, 13 percent of calories from saturated fat, and more than 300 mg of cholesterol Vdajily)
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and studies in + Lich the test protocols incorporated a dietary cegimen that li:lts fat intake such
as the National Heart, Lung, and Blood Institute’s Nat:onal Cholesterol Education Program Step

I Diet (intake of 8 to 10 percent of total calories from snturated fat, 30 percent or less of calories

from total fat, and cholesterol less than 300 mg/d) (Ref. 99).

C. Review of Human Studies

1. Studies Evaluating the Effects of Plant Sterol Esters on Blood Cholesterol

As discussed in section III B.1.a of this document, FDA reviewed 10 human clinical studies
on plant sterol esters or other plant sterols (Refs. 51, 52, 57, 58, 61 and 62 (1 study), 63 and
64 (1 study), 65, 67, and 74 and 75). Of these, nine met the selection criteria listed in section
II1.B.2 of this document (Refs. 51,57, 58, 61 and 62 (1 study), 63 and 64 (1 study), 65, 67
and 74 and 75). These studies are summarized in table 1 at the end of this ‘document and discussed
below. The remaining study (Ref. 52) failed to meet the inclusion criteria because the population
- studied (children with familial hypercholesterolemia) was not representative of the general U.S.
population. As supporting evidence, the results of one research synthesis study (Ref. 100) that
included a number of the plant sterol ester studies submitted in the petition are discussed in section
In1.C.1.d of this document. |
Studies typically report the amount of free plant sterol consumed rather than the amount of
plant sterol ester administered. Where possible, we report both the amount of plant sterol ester
and the equivalent fr_. sterol.
(a) Hypercholesterolemics (serum cholesterol < 300 mg/dL): low saturated fat and cholesterol
diets. One study was submitted as a draft in the plant sterol esters petition because it has been
submitted for publication, but has not yet been published other than in abstract form (Ref. 62).
FDA reviewed this study but considers the retsalt’e('prelirninary until a full report of the study has
been published. The preliminary results in this study (Refs. 61 and 62 (1 study)) showed a

cholesterol-reducing effect of plant sterol esters in hypercholesterolemic subjects who consumed
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soybean oll sierol esters as part of a low saturatea fat ¢ nd low cholesterol dict. In this study,
224 men and women with mild-to-moderate hyperchcﬂesterolenx;u .astructed to follow a National
Cholesterol Education Program Step I diet were randomly assigned to oue of three groups: (1)
control reduced-fat spread, (2) reduced-fat spread con.aining 1.76 g/d of plant stcroi esters ;..
g/d free plant sterols) (Iow intake group), or (3) reduced-fat spread containing 3.52 g/d of plant
sterol esters (2 2 g/d free plant sterols) (high-intake test group). All subjects consumed 14 g/d
of spread intwo 7 g servmgs/day, w1th food Subjects in the low- and high-intake groups who
consumed “80 percent of schedulcd servmgs had decreases in serum total cholesterol of 5.2 and
6.6 percent, and LDL cholesterol of 7.6 and 8.1 percent, respectively, versus control (p<0.001).
The difference between the two test groups with regard to serum total and LDL cholesterol levels
was not statistically significant. HDL cholesterol responses did not differ among the groups. These
preliminary results indicate that a plant sterol ester-containing reduced-fat spread, in a diet low
in saturated fat and cholesterol, can reduce cholesterol. |

(b) Hyperchole;vivenolemicn‘ ( serum cholesterol < 300 rﬁg/dL): “"tkypical " or “‘usual’’ diets. Fonr
~ studies (Refs. 57, 58, 67, and 74) show a relationship between consumption of plant sterols and
reduced blood cholesterol in hypercholesterolemic subjects consuming diets within the range of
a typical American diet. A fifth study (Refs. 63 and 64 (1 study)) shows inconclusive results.

Jones et al. (Ref. 58) conducted a controlled feeding crossover study in which diets were
based on a fixed-food North American diet formulated to meet Canadian recommended nutrient
intakes. This study reported significantly lower plasma total cholesterol (9.1 percent, p < 0.005)
and LDL cholesterol (13.2 percent, p < 0.02) in male subjects consuming 2.94 g/d vegetable oil
sterol esters (1.84 g/d free plant sterols delivered in 23 g of margarine each day; daily margarine
doses were divided into three equal portions and added to each meel) for 21 days compared to
21 days on control rnargarine. Plasma HDL cholesterol did not differ acroSs groups and there

was no significant weight change shown by the subjects while consuming any of the margarine

mixtures.
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Hendriks et al. (Ref. 57) reported the effects of tecding three different levels of vegetable
oil sterol esices (1.33, 2.58, and 5.18 g/d correspondin, to 0.83. 1.61, anu 2.24 ¢/d free plant
sterols. respectively) incorporated in spreads (25 g/d of spread replaced an equivalent amount of
the spread(s) habitually used; one-half was corsur 2d at lunch, one-half at dinner) in apparently
healthy normocholesterolemic and mildly hypercholesterolemic subjects using a randomized,
double-blind placebo-controlled "b‘alancv:‘ed incomplete Latin square design with five treatments and
four periods. Th’e. vegeiable oil sféfbls' we:re esterified to sunflower oil and the degree of
esterification was 82 percent. Blood total k‘andkLDL cholesterol levels were reduced comp"a"réd to
the control spread (p <0.001) after 3.5 weeks. Blood total cholesterol decreased by 4.9, 5.9, and
6.8 percent for daily consumption of 1.33, 2.58, and 5.18 g/d plant sterol esters, respectively. For
LDL cholesterol these decreases were 6.7, 8.5, and 9.9 percent. No signiﬁcant differences in
cholesterol-lowering effect between the three levels of plant stérol esters could be detected. There
were no effects on DL cholesterol. The subjects’ body weight differed after daily consumption
of 2.58 and 5.18 g plant stefol esters by 0.3 kilogram (kg) (p < 0.01), but this small difference
in body weight probably did not affeét the study findings. - h
Another stﬁdy by Jones et al. (Ref. 74) investigated the effects of a mixture of plant sterols
and plant stanols. The plant stanol compound sitostanol made up about 20 percent of the mixture
by weight. The remaining sterol component of the mixture was composed mostly of the plant
sterols sitosterol and campestérol from tall oil (derived from piné wood). The investigators
evaluated the cholesterol-lowering properties of this nonesterified plant sterol/stanol mixture in a
controlled feeding r. zimen based on a ‘‘prudent,”’ fixed-food North American diet formulated to
meet Canadia.n recommended nutrient intakes. Thirty-two hypefcholestérolemic men were fed either
a diet of prepared foods alone or the same diet plus 1.7 g per d of the plant sterol/stanol mixture
(in 30 g/dﬂ._of margarine, consuméd during 3 meals) for ©0 days in a parallel study design. The
plant sterc;llstanol mixture had no statistically significant effect on plasma total cholesterol

concentrations. However, LDL cholesterol concentrations on day 30 had decreased by 8.9 percent
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(p < 0.01) and 24.4 percent (p < 0.001) with the continl and pluu sierol/stanol-enriched diets,
respectively. On day 30, LDL cholesterol concentrutions were significantly lower (p < 0.05) by
15.5 percent in the group consuming the plant sterol/stanol mixture compared to the control group.
HDL cholesterol concentrations did not change signiicantly during the study.
Weststrate and Meijer (Ref. 67) evaluated the effects of different plant sterols on plasma total

~and LDL cholesterol in normocholesterolemrcand mrldly hypercholesterolemrc subjects consummg

their usual dletsh r placebo margarlne A randomrzed double blmd ‘

placebo controlled balanced incomplete Latrn square design w1th five treatments and four perlods
of 3.5 weeks was utrhzed to compare the effect of margarmes (30 g/d) with added sterol esters
from soybean oil (4.8 g/d; 3 g/d free plant sterol), sheanut oil (2.9 g/d) or ricebran oil (1.6 g/

d) or with plant stanol esters (4.6 g/d; 2.7 g/d free plant stanols) to a placebo margarine. The

sterol esters from soybean oil were mainly esters from sitosterol, campesterol, and stigmasterol.
Plasma total and LDL cholesterol concentrations were significantly reduced, by 8.3 and 13.0 percent
(p < 0.05), respecti:vely,: compared to control, in the soybean oil sterol ester’margarine group.
Similar reduv’_ctions_, Were"reported in the plant stanol ester margarine group (see discussion of this
study in sectionlll. C.2.b of this document). Sterols from sheanut oil and rice bran oil did not

have a significant effect on cholesterol levels. No effects on HDL cholesterol concentrations were
reported in either the control or any of the test groups. The cholesterol-lowering effects of ingestion ‘
of plant sterol/stanol esters on blood cholesterol did not differ between normocholesterolemic and
mildly hypercholesterolemic subjects. The authors concluded that both the margarine with plant
stanol esters and the margarine with sterol esters from soybean oil were effective in lowering

blood total and LDL cholesterol levels without affecting HDL cholesterol concentrations. The

authors further suggested that i mcorporatmg such substances in edible fat-contammg products may
substantrally reduce the nsk of cardlovascular d1sease in the populatron B -

Two reports of apparently the same study (Refs 63 and 64) gave rnconclusrve results regardmg

the relationship between plant sterol consumptron and blood cholesterol levels. Interpretatlon of
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this study is complicated by design issues such as concerns abow - mple size and level of plant

sterol administered, but both reports are discussed here and summarized in table | of this document

because they provide information to assist in determining the minimum level of plant sterol esters

necessary to provide a health benefit.

Miettinen and Vanhanen (Refs. 63 and 64 (1 study)) reported the .effect of small amounts
of sitosterol (700 mg/d free sterols) and sitostanol (700 mg/d free stanols) dissolved in 50 g
rapeseed oil (RSO) mayonnaise on serum cholesterol in 31 subjects with hypercholesterolemia for
9 weeks. Subjects did not bhange their diets except for replacing 50 g/d of dietary fat with the
50 g/d of RSO mayonnaise. It appears that these authors later conducted another 9-week phase
of the study using sitostanol esters (1.36 g/d plant stanol esters or 800 mg/d free stanols) dissolved
in 50 g RSO mayonnaise. The results of this later phase were reported in the Miettinen reference
(Ref. 63), together with the earlier results. The Vanhanen reference (Ref. 64) reports only the
earlier results for sitosteroi and sitostanol. The Vanhanen reference (Ref. 64) reports reduced serum
total cholesterol concentrations (8.5 percent) during the RSO mayonnaise run-in period
(stabilization period before the intervention begins) compared to values before the run-in period
when combining all subjects. Continuation of RSO mavonnaise in the RSO mayonnaise control
group (n=8) during the experimental period had no further effect on blood cholesterol (Refs. 63
and 64). ( ‘;N >’ refers to the number of subjects.) Neither sitosterol (n=9) nor sitostanol (n=7)
significantly altered serum total cholesterol or LDL cholesterol concentrations compared to the
RSO control group =8) during the experimental period (Refs. 63 and 64). Sitostanol ester (n=7),
however, significantly reduced serum total and LDL cholesterol levels compared to the RSO control
- group (Ref. 63). Furthermore, serum total cholesterol was significantly reduced by 4 percent (p
< 0.05) during the experiméntal peﬁod‘in an analysis, which compared the combined plant stercﬂ/
stanol groups (sitostanol, sitosterol, and sitostanol ester groups; n=23) to the RSO control group

(n=8) (Ref. 63). HDL cholesterol did not change in the plant stero‘l group compared to the RSO

control group (Ref. 63).
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The ... cy notes that in is difficult to decipher fr m the descriptions in these reports the
amount of plant sterol that was consumed and the leve! of chole... I-lowering that was obser&ed.
For the sitosterol group, as an example. the method section states that 722 mg/d of sitosterol was
added to the RSO mayonnaise, yet the abstract menticns that the RSO mayonnavise contained an
additional 625 mg/d of sitosterol (Ref. 64). The results section of the Miettinen reference (Ref.
63) notes that in the combined plant sterol/stanol groups, total and LDL cholesterol levels were
slightly but significantly decreased up to 4 percent, yet the abstract states that serum total
cholesterol was reduced by about 5 percent in tﬁe combined plant sterol/stanol groups. Therefore,
FDA considers the results in these reports inconclusive because of inconsistencies in the
descriptions of methods and results. -

(c) Normocholesterolemics: “‘typical or “‘usual’’ diets. The results of three studies (Refs.
51, 65, and 75) Support a cholesterol-lowering effect of plant sterols in subjects with normal
cholesterol values.

Ayesh et al. (Ref. 51), in a controlled feeding study, reported signiﬁcantly lower serum total
cholesterol (18 percent, p < 0.0001) and LDL cholesterol (23 percent, p < 0.0001) in subjects
consuming 13.8 g/d vegetable oil sterol esters (8.6 g/d free plant stefols delivered in 40 g of
margarine each day consumed with breakfast and dinner under supervision) for 21 days in males
and 28 dayé in females, compared to subjects consuming a controi margarine. These results were
calculated as the differénce from baseiine to days 21 for male and 28 for female; analyéis of
covariance was adjusted for gender. There was no significant difference in effect on HDL
cholesterol between control and plant sterol groups. |

in a double-blind crossover study, Sierksma et al. (Ref. 75) showed that daily consumption
of 25 g of a spread enriched with free soybean oil sterols (()..8 g/d) for 3 weeks lowered plasma
total and .DL cholesterol concentrations respectively by 3.8 percént (p < 0.05) and 6 percent
(p < 0.05) compared with a placebo spread. No efféct on plasma HDL cholesterol was found.

Subjects followed their usual diets, except that they replaced their usual spread with the test or
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lacebo spre~. The investizators also tested sheanut-¢-1 sterols (3.3 g/d) "= 3 g of spread and
p p Lo L= p

found that th. sheanut-oil spread did not lower plasma otal and LDL choll terol levels. The
sheanut-oil sterols were primarily phenolic acid esters of 4,4-dimethyl sterols. whereas the soybean-
oil product contained 4-desmethyl sterols (the class ot sterols containing no methyl group at the
c'arbon 4 atom). The structure of 4-desmethyl sterols is more similar to cholesterol than the structure
of 4,4- dlmethyl sterols The mvesugators stated that soybean-oil sterol structural 51mllar1ty to
cholesterol may offer mcreased competmon with cholesterol for mcorporatlon in mixed micelles,
the most likely mechamsm for the blood cholesterol-lowering action of plant sterols.

Pelletier et al. (Ref. 65) reported reductions in blood total cholesterol (10 percent, p < 0.001)
and LDL cholesterol (15 percent, p < 0.001), compared to a control period, in subjects consuming
740 mg/d of soybean oil sterols (nonesterified) in 50 g/d of butter for 4 weeks. These results
were obtained in a crossover experiment in 12 normocholesterolemic men consuming a controlled,
but ‘‘normal’’ diet. The total fat intake as a percent of energy was 36.4 percent during both the
control and the plant éterol—feeding period. The cholesterol intake during the control period was
436 mg/d; it was 410 mg/d during the plant sterol-feeding period. The diets were designed to
have a plant stefol to cholestérol ratio of 2.0, which has repeatedly been shoWn to affect cholesterol
levels in various animal models. There was no significant difference in effect on HDL cholesterol
between control and plant sterol groups.

(d) Other studies: research synthesis study. FDA considered the results of a March 25, 2000,
research synthesié study by Law (Ref. 100) of the effect of plant sterols and stanols on serum
cholesterol concentrz:..ons. While evaluation of research synthesis studies, including meta-analyses,
is of interest, the appropriateness of such analytical techniques in establishing substance/disease
relationships has not been determined. There are ongoing efforts to identify criteria and critical
factors to tonsider ih.both condu.cting and using such analyses, but standardization of this

methodolo’gy is still erﬁerging. Therefore, this research synthesis study was considered as supporting
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evidence but ...d not weigh heavily within the bod. of e idence on the .elationship between plant

sterol/stanol est..s and CHD.
Law performed a research synthesis analysis of the effect of plant sterols and stanols on serum
cholesterol concentrations by pooling data from randomized trials identificd by a Medline search

using the term ‘‘plant sterols.” Law obtained additional data for analysis from other studies cited

in papers and rewew artxcles A total of 14 studres that employed elther a parallel or crossover
design were lncorporated m the analys1s consrstmg of 20 dose compausons of elther plant sterols
or plant stanols to aycontrol vehicle. The data described the effects on serum LDL cholesterol
concentrations obtained from using spreads (or in some cases, mayonnaise, olive oil, or butter)
with and without added plant sterols or stanols. Studies that included children with familial
hypercholesterolemia were excluded from the research synthesis analysis. Law included in the
research synthesis analysis study populations with severe hypercholesterolemia (mean serum total
- cholesterol greater than 300 mg/dL) and study populations with previous Inymardial infarction
or noninsulin dependent diabetes mellitus, as well as study populations with mildly and moderately
hypercholesterolemic and/or normal cholesterol concentrations.
Based on the pIacebo-adj‘usted reduction in scrum LDL cholesterol, the analysis indicated that
2 g of plant sterol (equivalent to 3.2 g/d of plant sterol esters) or plant stanol (equivalent to 3.4
g/d of plant stanol esters) added to a daily intake of spread (or mayonnaise, olive oil, or butter)
reduces serum concentrations of LDL cholesterol by an average of 20.9 mg/dL (0.54 millimole
per liter (mmol/1)) in people aged 50 to 59 (p=0.005), 16.6 mg/dL (0.43 mmol/l) in those aged
40 to 49 (p=0.005), and 12.8 mg/dL (0.33 mmol/l) in those aged 30 to 39 (p=0.005). The results
indicated that the reduction in the concentration of LDL cholesterol at each doSe is signiﬁcbantly
greater in older people versus younger people The reductlons in blood total cholesterol o
concentrafions were sumlar to the L]DL cholesterol reductions and there was 11ttle change in serum

concentranons of HDL cholesterol. The results of this analysis also suggested that dog_es greater



30

than about 2 g ~¢ plant sterol (3.2 g/d of plant stercl esters) ¢~ stanol (3.4 ¢ f plant stanol

esters) per day would not result in further reduction in [.LDL cholesterol (Ref. 100).
Observational studies and randomized trials concerning the relationship between serum
cholesterol and the risk of heart disease (Ref. 101, indicate that for people aged 50 to 59, a
reduction in LDL cholesterol of about 19.4 mg/dL (0.5 mmol/1) translates into a 25 percent
reduction in the I‘lSk of heart dlsease after about 2 years. Studies administering plant sterols and
stanols have demonstrated the potenual to provide this protection. According to Law the
cholesterol—lowenng capacnty of plant sterols and stanols is even larger than the effect that could

be expected to occur if people ate less animal fat (or saturated fat) (Ref. 100).

(e) Summary. In one preliminary report of hypercholesterolemic subjects consuming a low
saturated fat and low cholesterol diet (Refs. 61 and 62 (1 study)), plant sterol ester intake was -
associated with statistically significant decreases }in serum total and LDL cholesterol levels. Levels
of HDL cholesterol did not change during plant sterol consumption compared to controls. Levels
of plant sterol ester found to be effective in lowering serum total and LDL cholesterol levels,
in the context of a diet low in saturated fat and cholesterol, were reported to be 1.76 and 3.52
g/d (1.1 and 2.2 g/d of free plant sterol) (Refs. 61 and 62 (1 study)).

~In four (Refs. 57, 58, 67, and 74) of five (Refs. 57, 58, 67, 74, and 63 and 64 (1 study))
studies of hypercholesterolemic subjects consuming ‘‘usual’’ diets that were generally high in total
fat, saturated fat and cholesterol, plant sterol intake was associated with statistically significant
decreases in blood tot=! and/or LDL cholesterol levels. Levels of HDL chole_sterdl were found
to be unchanged by consumption of diets containing plant sterol (Refs. 57, 58, 67, 74, and 63
and 64 (1 study)). Levels of plant sterol ester found to be effective in lowering blood total and/ .
or LDL cholesterol levels, in the context of a usual diet, ranged in these studies from 1.33 (Ref.
57) to 5.18 g/d (Ref. 57) (equivalent to 0.83 to 3.24 g/d of free plant sterol) H

The results of one study in hypercholesterolemic subjects consummg usual” diets (Refs.

63 and 64 (1 study)) are inconclusive; this may be due to lack of statistical power (e.g., sample
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size tco small to detect the hypothesized difference be'ween groups) or too low a dose of plant

sterols to provide an effect. As previously discussed. th.e descripi.. ... of methods and results also

were inconsistent and difficult to interpret. These investigators report no effect of 700 mg/d of
plant sterol (equivalent to 1.12 g/d of plant sterol esters) on blood cholesterol levels. Howce . ..
when the results of three test groups (700 mg/d plant sterol, 700 mg/d plant stanol, 1.36 mg/
d plant stanol eqter) were pooled and compared to a control group, a statistically eignificant effect
on reducmg serum total cholesterol emerged perhaps because the 1ncreased number of subjects -
in this pooled analy31s art;ﬁCIaIIy increased the ability to detect a dlfference

- In three of three studies (Refs. 51, 65, and 75) of healthy adults with normal _blood cholesterol

levels consuming a ‘‘usual’’ diet, plant sterol intake was associated with statistically significant
decreases in both blood total and LDL cholesterol levels. HDL cholesterol leve}s were not

significantly affected by plant sterol intake. Levels of plant sterol found to be effective in lowering

blood total and LDL cholesterol 1anged in these studies from 0.74 (Ref 65) to 8.6 g/d (equivalent

to 1.2 to 13.8 g/d of plant sterol esters) (Ref. 51).

Based on these studies, FDA ﬁnds there is scientific evidence for a consistent, clinically
significant effect of plant sterol esters on blood total and LDL cholesterol. The cholesterol-lcwering
effeet of plant sterol esters is consistent in both mildly and moderately hypercholesterolemic
populations and in populations with normal choles.erol concentrations. The cholesterol-lowering
effect of plant sterol esters has been reported in additien to the effects of a low saturated fat
and low cholesterol diet. It has been consistently reported that plant sterols do not affect HDL

cholesterol levels. These conclusions are drawn from the review of the well controlled clinical

studies and are supported by the research synthesis study of Law (Ref. 100).

2. Studies Evaluating the Effects of Plant Stanol Esters on Blood Cholesterol
As di%cussed in section TILB.1.b of this document, FDA reviewed 24 studies (Refs. 58, 63
and 64 (1 study), 67, 74, 77 through 80, 81 and 82 (1 study), and 83 through 97) on plant stanols,

including both free and esterified forms. Of these, 15 met the selection criteria listed in section
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[IL.B.2. of this documc:it (Refs. 38, 63 and 64 (1 study .. 67. 74,77, 78, 80. 81 and 82 (! study).
88 through ©2, 94, and 97). These studies are summari. 2d in table 2 at the -ad of this document
and discussed below. The nine remaining studies (Refs. 79, 83 through 87. 93. 95, and 96) failed
to meet the selection criteria because of tasuffictend ir.Jormation fo evaluate the design and method
of the study or because the populations studied were not considered representative of the general
U.S. adult populatxon For example some of the studles were performed in children with type
II or familial hypercholesterolerma, others used adult subjects with mean serum 1 total cholesterol
levels > 300 mg/dL or subjects with preexxstmg disease (e.g., dlabetes) As supporting evidence,
the results of a community intervention study (Ref. 102) and a research synthesis study (Ref. 100)
that included a number of the plant stanol ester studies submitted in the petitibn are discussed
in section II1.C.2.d of this document.

Studies typically report the amount of free plént stanol consumed, rather than the levels of
stanol esters administered. Where possible, we report both the amount of plant stanol ester and
the equivalent free sfanol. |

(a)Hypercﬁolesterolemics (serum cholesterol < 310 mg/dL): low saturated fat and cholesterol!
diets. Two studies (Refs. 77 and 80) showed a relationship between consumption of plant stanol
esters and reduced blood cholesterol in hypercholesterolemic subjects who consumed plant stanol

esters as part of a low saturated fat and low cholesterol diet.

" Andersson et al. (Ref. 80) randomized subjects to receive one of three test diets: Either a
low fat margarine containing 3.4 g/d plant stanol esters (2 g/d of plant stanols) with a controlled,
low saturated fat, low cholesterol diet; a control low fa‘ margarine containing no plant stanol esters
with a controlled, low saturated fat, low cholesterol diet; or to continue their normal diet with
the addition of the margarine containing 3.4 g/d plant stanol esters (2 g/d of plant stanols). Serum
tota! and E’DL'choleStérol were reduce‘d in all three groups after 8 weeks. The group consuming
the mmgaﬁne containing plant stanol esters with the low saturated fat, low cholesterol diet showed

12 percent (p < 0;0035) and 15 percent (p < 0.0158) reductions in serum total and LDL cholesterol
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levels, respectwely compared to the group thet consutied a control low fat mar garine with a
controlled, low c:turated fat, jow cholesterol diet. The serum .otal and LDL c¢holesterol reductions
were reported to be 4 percent (p < 0.0039) and 6 percent (p < 0.0034), respectively, for the group
consutning the margarine containing plant stanol esters with the low saturated fat, low cholesterol

diet compared to the group consuming the margarine containing plant stanol esters with a normal

diet. Although a normal diet and control margarme group was not mcluded this study suggests

that 3.4 g/d of plant ahol esters in conjunctlon with a normal or contmlled low saturated fat,

low cholesterol dlet ean 51gn1f1cantly lower serum cholesterol levels. There was no change in HDL
cholesterol levels in the normal diet, plant stanol ester margarine group. The study results suggest
that the reduction in serum cholesterol levels is significantly greater when the'plant stanol esters
are consumed as part of a diet low in saturated fat and cholesterol. HDL cholestetol was decreased,
however, in subjects in both low saturated fat, low cholesterol diet groups, and this result was
statistically significant in the group that consumed the plant stanol ester margarine in conjunction
with this diet.

Hallikzinen et al. (Ref. 77) randomly assigned 55 mildly hypercholesterolemic subjects, after

a 4-week high fat diet (36 to 38 perceht of energy from fat), to one of three low fat margarine
groups: a 3.9 g/d (2.31 g/d of free plant stanols) wood stanol ester-containing margarine, a 3.9

g/d (2.16 g/d of free plant stanols) vegetable oil stanol ester-containing margarine, or g control
margarine group. The groups consumed the margarines for 8 weeks as part of a diet resembling
that of the National Heart, Lurlg, and Blood Institute’s National Cholesterol Education Program
Step II diet (a diet in which saturated fat intake is less than 7 percent of calories and cholesterol
is less than 200 mg/d) (Ref. 99). During the experimental period, the serum total cholesterol
reduction was significautly greater m the wood stanol ester-containing margarine (‘l0.6fpefeent,

p <0.001)'and Nvegetable oil stanol ester-containing margarine (8.1 percent, p < 005) groups than

in the control group, but no significant dlfferences were found between the Woed stanel esterQ |

containing margarine and vegetable oil stanol ester-containing margarine groups. The LDL
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cholesterol reduction was significantly greater in the wood stanal ~ster-condaining margarine (13.7

percent p < 0.01) group than in the control group. For ta2 vegetable oil stanol ester-containing
margarine group, the LDL cholesterol reduction was 3.0 percent greater than in the control, but
the difference was not statistically significant (p= 0.072". However, there were no significant
differences reported between the wood stanol ester-cor.taining margarine and vegetable oil stanol
ester—containing margarine groups for LDL cholesterol HDL cholesterol concentrations did not
change dunng the study The auLhors state ‘4% k% that plant stanols can reduce serurn cholesterol
concentratlons even in conjunctlon w1th a markedly low dietary cholesterol mtake indicates that
plant stanols must inhibit not onlly the absorption of dietary cholesterol but also that of biliary
cholesterol.”’

The results of another study (Ref. 97) did not show a relationship between consumption of
plant stanols and blood cholesterol in hypercholesterolemic subjects who consumed plant stanols
as part of a low saturated fat and low cholesterol diet. In this study, Denke (Ref. 97) tested the
cholesterol-lowering cffects of dietary supplementation with plani stanols (3 g/d suspended in
safflower oil and packed into gelatin capsules) in 33 men with moderate hypercholesterolemia
who were consuming a Step 1 diet. Plant stanol consumption did not significantly lower plasma
total cholesterol or LDL cholesterol compared with the Step 1 diet alone. HDL cholesterol levels
were also unchanged. Theauthors state that although previous reports suggested that low dose
plant stanol consumption is an effective means of reducing plasma cholesterol concentrations, its
effectiveness may be attenuated when the diet is low in cholesterol. The agency notes that, unlike
several of the studies submitted with the petition, this study was not a randomized, placebo-

‘co'ntrolled, double-blind study, but rather a fixed sequence design. One result of this design was
that during the piant stanol dietary supplement phase the subjects consumed an additional 12 g
ot fat that they did ‘not, consume in other phases because cach dletary snpplernent con;tained" lg
of safﬂoxx;er oil and subjects were instructed to consume 4 capsules per meal (subje‘c’_}t‘e Were to

consumc a total of 12 capsules (3000 mg) in three divided doses during three meals). The agency



35
does not ~* ~ s much weight to this study as it does “he studies in which subjects were randomly
assigned to placebo or plant stanol arms of a study wiih all else b7 - equal among the participants.
(b) Hypercholesterolemics (serum cholesterol < 300 mg/dL): “tvpical™ or “usual’” diets.
Eight studies (Reis. 63 and 64 (1 study), 67, 78, 81 and 82 (1 study), 88 through 90, and 94)
show a relationship between consumption of plant stanols and reduced blood total and LDL
cholesterol in hypercholesterolemm subjects consuming diets thhm the range of a typxcal American
diet. Two studles (Refs 58 and 74) show a relationship between consumptlon of plant stanols

and reduced LDL cholesterol but not blood total cholesterol, in the same category of subjects

consummg dlets w1thm the range of a typical American diet.

Hallikainen et al. (Ref. 88) conducted a single-blind, crossover study in which 22
hypercholesterolemic subjects consumed margarine containing four different doses of plant stanol
esters, including 1.4,2.7,4.1, and 5.4 g/d (0.8, 1.6, 2.4, and 3.2 g/d of free plant stanols) for
4 weeks each. These test margarine phases were compared to a control margarine phase, also 4
weeks long. All subjects fdllowed the same standardized diet throughout the study, and the order
of the margariné phases was randomized. Serum total CholestefOI concentration decreased
(calculated in reference to control) by 2.8 percent for the 1.4 g/d dose (p=0.384), 6.8 percent for
the 2.7 g/d dose (p< 0.001), 10.3 percent for the 4.1 g/d dose (p<0.001) and 11.3 percent (p<
0.001) for the 5.4 g/d dose of plant stanol esters. 't he respective decreases for LDL cholesterol
were 1.7 percent (p=Q.892), 5.6 percent (p< 0.05), 9.7 percent (p<0.001) and 10.4 percent
(p<0.001). Although decreases were numerically greater with 4.1 and 5.4 g doses than with the
2.7 g dose, these differences were not statistically significan ‘/:‘20.054-0.516). This study
demonstrates that at least 2.7 g/d of plant stanol esters can significantly reduce both serum total
cholesterol and LDL cholesterol levels by at least 5.6 percent com;;ared to control. No Hstatistically
significant changés in HDL cholesterol were observed with anyvbf the plant stanol ester margarines.

Gylli.'ng and Miettinen (Ref. 78) reborted the serum 'cholesterol-lowering.effebfs of feeding

different campestanol/sitostanol mixtures in margarine or butter in 23 postmenopausal women using
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a double btind crossover design. The participants wer . randomly allocai. ‘0 study periods where

they consurncl 25 ¢/d of plant stanol-containing rapescod oil margarine v " either 5.4 g sitostanol
ester-rich (3.18 g of free plant stanols: wood-derived plant stanol esters with a campestanol to
sitostanol ratio 1:11) plant stanol esters or 5.7 g camj.estanol ester-rich (3.16 g of free plant stanols:
vegetable oil~deriued plant stanol esters with a campescanol to sitostanol ratio 1:2) plant stanol
esters. After 6 Weeks subjects consumed the other margarme for an addrtlonal 6 weeks. Following
an 8 week home dlet wash out pertod 21 of the subjects were randomly assxgned to consume |
either 25 g of butter or 4 1 g/d plant stanol esters (2.43 g/d of free plant stanols with a campestanol
to sitostanol ratio 1:1) in 25 g of butter for an additional 5 weeks. Throughout the study, subjects
| consumed their usual diets, except that they were instructed to substitute the 25 g/d of butter or
margarine consumed as part of the study for 25 g of their normal daily fat intake. Both the wood
and vegetable stanol ester margarines lowered serum total cholesterol by 4 and 6 percent,
respectively, compared to baseline (p < 0.05 for both). LDL cholesterol was reduced by 8 and
10 percent wtth the wood and ‘vegetable stanol ester margarines, respectively, versus baseline (p
< 0.05 for both). Furthermore, HDL cholesterol was increased by 6 and 5 percent (p < 0.05)
with the wood and vegetable stanol ester margarines, respectively, versus baseline, so the LDL/
HDL cholesterol ratio was reduced by 15 percent (p < 0.05 for both). The two plant stanol mixtures
in margarine appeared equally effective in reducing serum cholesterol. Butter alone increased serum
total and LDL cholesterol by 4 percent (p < 0.05 for total cholesterol, not statistically significant
for LDL cholesterol). Although the plant stanol ester butter did not significantly reduce serum
total and LDL cholesterol compared to baseline, the plant stanol ester butter was found to decrease
serum total cholesterol by 8 percent and LDL cholesterol by 12 percent (p < 0.05 for both)
compared to butter alone. There‘was no significant change in HDL cholesterol between the two
butter groups The study reported that plant stanol esters are able to decrease serum total and

LDL cholesterol in a saturated env1ronment i.e., when plant stanol ester is consumed in butter,

a high saturated-fat food, and compared to the effects of butter without plant stanol esters. The
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observation t...: the plant stanol ester butter did nc t reduce blood cho '_sterol levels comnared to

baseline suggest: that plant stano! esters do not corupletely counteract the imyact of a high
saturated-fat diet on blood cholesterol fevels.

Nguyen et al. (Ref. 90) examined the blood cholesterol-lowering effects in subjects consuming

either a European spread containing 5.1 g/d plant stanol esters (3 g/d free plant stanols), a U.S.-

reforrnulat'ed spre ; contammg 5.1 g/d plant stanol esters (3 g/d”free plant stanols) aU.S.-

ated § | 4 g/d plant stanol esters (2 g/d of free plant stanols) ora U S -
reformulated spread w1thout plant stanol esters for 8 weeks The subjects consumed a total of

24 g of spread in three 8 g servings a day, but made no other dietary changes. Serum total
cholesterol (p < 0.001) and LDL cholesterol (p <0.02) levels were significantly reduced in all
three test groups compared with the placebo group at all time points during the ingredient phase.
The U.S. spread containing 5.1 g/d plant stanol esters lowered serum total and LDL cholesterol
by 6.4 and 10 1 percent respectrvely, when compared to baselme (p <0.001). Subjects consumrng
the 5.1 g/d plant stanol esters European spread achieved a 4.7 percent reduction in serum total
cholesterol and a 5 2 percent reduction in LDL cholésterol compared to baseline (p < 0.001). The
3.4 g/d plant stanol ester U.S. spread group showed a 4.1 percent reduction in both serum total
and LDL cholesterol levels compared to baseline (p < 0.001). HDL cholesterol levels were
unchanged throughout the study.

Weststrate and Meijer (Ref. 67) evaluated. the effects of different plant sterols and stanols

on plasma total and LDL cholesterol in normocholesterolemic and mildly hypercholesterolemic
subjects The subjects consumed their usual diets with the addition of a test or placebo margarine.
A randomized double-bllnd placebo controlled balanced mcomplete Latin square de51gn with five

treatments and four "enods of 3 5 weeks was utlhzed to compare the effect of margarmes (30

g/d) w1th efdded plant stanol esters 4.6 g/d 2.7 g/d free plant sta ols
esters from sheanut orl 2.9 g/d) ricebran oil (1.6 g/d), or soybean orl 4.8 g/d 3 g/d free plant

sterol) to a placebo marganne Plasma total and LDL cholesterol concentrations were significantly



38

reduced Uy 7.2 and 13.0 percent (p < 0.05), respectively. compared to oo ..irollin the plant stanol

ester margarine group. Similar reductions were reported in the soybean oil sterol ester margarine

group (see discussion of this study in section [I1.C.1.5 of this document). No effect on HDL

cholesterol concentrations was reported during the swudy.

Ina long term study conducted in Finiand (Ret. 89), 153 muldly hypefcholesterolmnic subjects
were instructed to consume 24 g/d of canola oil margarine dr the same margarine with added
plant stano_l ¢st:¢rs“for a targeted ¢9n$umption of 5.1 g/d plant stanol esters (3 g/d free plant stanols),
without other dlivetakry changes. At the end of 6 months, those consuming plant st‘aﬁél esters were |
randomly assigned either to continue the test margarine with a targeted intake of 5.1 g/d plant
stanol esters or to switch to a térgeted intake of 3.4 g/d plant stanol esters (2 g/d free plant stanols)
for an additional 6 months. The control group also continued for another 6 months. Based on
measured margarine consumption, average plant stanol ester intakes were 4.4 g/d (in the 5.1 g/
d target gfoup) and 3.1 g/d (in the 3.4 g/d target group). The mean 1 year reduction in serum
total cholesterol was 10.2 percent in the 4.4 g/d plant stanol ester group, as compared with an
increase of 0.1 percent in the control grbup. The difference iﬁ the change in serum total cholesterol
concentration between the two groups was -24 mg/dL (p < 0.01). The respective reductions in
LDL cholesterol were 14.1 percent in the 4.4 g/d plant stanol ester group and 1.1 percent in the
control group. The differences in the change in LDL cholesterol concentration between the two
groups was -21 mg/dL (p < 0.001). Significant reductions in serum total and LDL cholesterol :
were also reported after consuming plant stanol esters for 6 months. Unlike the group consuming
4.4 g/d of plant stanol esters for 12 months, where cohtinued reductions in serum total and LDL
cholesterol were observed from 6 to 12 months, the reduction in plant stanol ester intake to 3.1
g/d at 6 months was not followed by any further decrease in the serum total and LDL cholesterol
concentraﬂ;_ions. Serum HDL cﬁol@Sterol concentrat.ons wefe‘not‘ affected by plant stanol esters.

Vanﬁanen et al. (Ref. 94) reported the hypocholéscerolemic effects of 1.36 g/d of plaht stanol

" esters (300 mg/d of free plant stanols) in RSO mayonnaise for 9 weeks followed by 6 weeks
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of consumption of 3.4 g/d of plant stanol esters (2 ¢/c of free plant stanols) in RSO mayonnaise
compared to a group receiving RSO mayonnaise alone. Subjects «...;umed their usual diets, except
that they were instructed to substitute the RSO mayonnaise for 50 g/d of their normal daily fat
intake. After 9 weeks of consumption of the lower duse plant stanol ester mayo:naise, the cianges
in serum levels of total and LDL cholesterol were -4.1 percent (p < 0.05) and -10.3 percent (not
statistically significant), respectively, as compared to the control. Greater reductions in both serum
total and LDL éﬁbléSfefol Wére_: observed after consumption of 3.4 g/d of piant stanol esters for
an additional 6 weeks (p < 0.05). The changes in serum levels of total and LDL cholesterol were
-9.3 percent and -15.2 percent, respectively, for subjects consuming 3.4 g/d of plant stanol esters
as compared to control. Plant stanol ester consumption in RSO mayonnaise did not change HDL
cholesterol levels compared to control RSO mayonnaise.

Blomgqvist et al. (Ref. 81) and Vanhanen et al. (Ref. 82) separately reported the results bf ,
another study showing plasma cholesterol-lowering effects of plant stanol esters dissolved in RSO
may‘onnaiée. After subjects replaced 50 g of their daily fat intake by 50 g of RSO mayonnaise |
for 4 Weeks, they’were réndomized into two groups, one that continued with the briginal RSO
mayonnaise (control group) and the other with RSO mayonnaise in which 5.8 g of plant stanol
ester was dissolved (3.4 g/d of free plant stanols in 50 g of mayonnaise preparation). After 6
weeks on the plant stanol ester-enriched diet, plasma total and LDL cholesterol were reduced from
225 + 27 (control group) to 209 £ 34 /mg/dL (plant stanol ester group) (p < 0.001) and from
134 * 18 (control group) to 124 + 32 mg/dL (plant stanol ester) (p <0.01), respectively (Ref.

81). In the report by Blomgqvist (Ref. 81), HDL cholesterol was reported to be significantly Iower'
in the plant stanol ester group corﬁpared to the control group. Using the same data, with the
exception that the number of coritrol,subjects utilized in the analysi; was 33 rather thaﬁ 32 as

in the Blc;mqv1st ;ekport, ’HDLi”ch(ka»lestverol was repo-rted to be unchanged in the repé:rt by Vanhanen
(Ref. 82). ”The agéncy does not give as much weight to this study because thé two feports lacked

sufficient detail on the reason for the varying number of control subjects.
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| Two reports o’f apparently the same study (Refs. 53 and 64) gave inconclusive results regarding

the relationsi..p between plant stanol ester consumptior. and blood choles...ol levels. Interpretation
of this study is complicated by design issucs such as concerns about sample size and level of
plant sterol/stanol admiuistered, but boih: reports we ciscussed here and summarized in table 2

of this document because they provide information to assist in determining the minimum level
of plant stanol esters necessary to provide a health benefit.k

 Miettinen and Vanhaner (Refs. 63 and 64 (1 study)) reporied the effect of small amounts.

of sitdsterc)i (700 mg/d fféé sferols) énd sitostanol (700 mg/d free sfanols) dissolved in 50 g RSO
mayonnaise on serum cholesterol in 31 subjects with hypercholesterolemia for 9 weeks. Subjects'
did not change their diets except for replacing 50 g/d of dietary fat with the 50 g/d of RSO
mayonnaise. It appears that these authors later conducte:d another 9-week phase of the study using
sitostanol esters (1.36 g/d plant stanol esters or 800 mg/d free stanols) dissolved in 50 g RSO
mayonnaise. The recults of this later phase were reported in the Miettinen reference (Ref. 63),
together with the earlier results. The Vanhanen reference (Ref. 64) reports only the earlier results
for sitosterol and sitostanol. The Vanhanen reference (Ref. 64) reports reduced serum total
cholesterol (8.5 beréent) concentrations during the RSO mayonnaise run-in period compared to
values before the run-in period when combining all subjects. Continuation of RSO mayonnaise
in the RSO’mayonnaise control group (n=38) during the experimental period had no further effect
on blood cholesterol (Refs. 63 and 64). Free sitostanol (n=7) did not significantly alter serum
total cholesterol or LDL cholesterol compared to the RSO control group during the experiméntal
period (Refs. 63 and “4). HDL cholesterol also did not change in the free sitostanol group (Ref.
63).. Serurﬁ total and LDL cholesterol were significantly reduced in the sitostanol ester group (n=7),
however (Ref. 63). The mean change in serum total cholyesterol from baseline was -7.4 mg/dL
in the sitqgtapol ‘:e‘_s,tgr‘ group, compared to +4.6 mg/dL in the control group (p <0.05). The mean

change in MLDchkh'oklésvterol from baseline was -7.7 mg/dL in the sitostanol estér’ group compared



41

to +3.1 mg/dL in the control group (p < 0.05). A stati-dically sig..7cant increase in HDL cholesterol

from baseline, L.owever, was reported in the sitostanol ester-weated group (Rl 63).

The agency notes that it is difficult to decipher from the descriptions in these reports the
amount of plant stanol ester that was consumed and tae level of cholesterol-lowering that was
observed. For the sitostanol ester group, as an example, the experimental design section states
St

that 8_lt)Olymg/d' of sitostanol t rified _w1th RSO fatty ac1ds was added 1 the RSO mayonnalse

yet table 1 of this document shows that the amount of srtostanolester in the RSO ‘mayonnaise

was 830 mg k(Ref 63) S1nce the (‘onversron factor to obtam the stanol ester equrvalent of a given
amount of free stanol is 1.7, the amounts of sitostanol and sitostanol ester given in the experimental
design section and table 1 cannot both be correct. Based on information in the results section

of the Miettinen reference (Ref. 63), serum total cholesterol reduction in the sitostanol ester group
can be calculated to be approximately 18 percent as compared to control, yet the abstract of the
Vanhanen reference mentions that sitostanol ester reduced serum total cholesterol by 7 percent
(Ref. 63). Therefore FDA consrders the results in these reports mconclusrve because of
mconsrstengles in the descnptrons of methods and results.

Two studies (Refs. 58 and 74) show a relationship between consumption of plant stanols and
reduced LDL cholesterol, but not blood total cholesterol, in subjects consuming a diet within the
range of a typical American diet, although the diet was a controlled feeding regimen formulated

"to meet Canadian recommended nutrient intakes.

Jones et al. (Ref. 58) reported the effects of consuming 2.94 g/d of plant steroi esters in
23 g of margarine, 3.31 g/d of plant stanol esters in 23 g of margarine ( 1.84 g/d free plant stanols;
daily margarine doses were divided into three equal portrons and added to each meal) and 23

g/d of control margarme for 21 days each usmg a controlled feedm crossover study desrgn Durmg

the expenmental perlod subjects consumed a ﬁxed food North Amencan dret formulated to meet
Canad1an recommcnded nutrient intakes. The results from consumptlon of the plant sterol ester

margarine are drscussed n section III.C.‘I b of this document. Plasma LDL cholesterol levels were
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reduced by 0.4 percent (p < 0.02) in the plant stanol ester grouy . ..apared to the control group.

Plasma total cholesterc: was not significantly reduced .t the plant stanol ester group. Plasma HDL
cholesterol did not differ across groups. and there was no significant weight change shown by
the subjects while consuming any of the margarine mixtures.

Jones et al. (Ref. 74) evaluated the efrects of a mixture of plant stanols and plant scerols.
The plant stanol compound suostanol made up about 20 percent of the mixture by we1ght The
remammg sterol component of the mixture was mostly composed of the plant sterols 31toster01
and campesterol These investigators evaluated the cholesterol-lowering properties of this
nonesterified plant sterol/stanol mixture in a controlled feeding regimen based on a ‘‘prudent,”’
fixed-food North American diet formulated to meet Canadian recommended nutrient intakes. Thirty-
two hypercholesterolemic men were fed either a diet of prepared foods alone or the same diet
plus 1.7 g/d of the plant sterol/stanol mixture (in 30 g/d of margarine, consumed during 3 meals)
for 30 days in a parallel study design. The plant sterol/stanol mixture had no statistically significant
effect on plasma total cholesterol concentrations. However, LDL cholesterol concentrations on day
30 had decreased by 8.9 percent (p < 0.01) and 24.4 percent (p < 0.001) with the control and
plant sterol/stanol-erm'ched diets, respectively. On day 30, LDL cholesterol concentrations were
significantly lower (p < 0.05) by 15.5 percent in the group consuming the plant sterol/stanol mixture
compared to the control group. HDL cholesterol concentrations did not change significantly during

the study.

(c) Normocholesterolemics: “‘typical’’ or “‘usual’’ diets. Two studies (Refs. 91 and 92) show

a relationship between consumption of plant stanols and reduced blood cholesterol in subjects with
normal cholesterol concentrations consuming a typical American diet.

Plat and Mensmk (Ref. 92) exammed the effects of LWO plant stanol ester preparanons in
healthy SLbjeCtS with normal serum cholesterol levels. Durmg ad week run-in penod 112 subjects
consumed a rapeseed oil margarine (20 g/d) and shortening (10 g/d). For the next 8‘weeks, 42

subjects continued with these products, while the other subjects received margarine 20 g/d) and
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shortenii.. .10 g/d) with a vegetable oil-based stanol .ster mixture (6.8 ¢/d plant stanol esters

or 3.8 g/d free plant stanols) or pine wood-based stano! ester mi....c (6.8 g/d plant stano] ester
or 4 g/d plant stanol). Subjects did not change their dicts except for replacing 30 g/d of dietary
fat with the 30 g/d of test margarine and shortening. In the vegetable oil plant stanol ester group,

the mean change in serum total cholesterol from baseline was -16.6 mg/dL, compared to -1.6 mg/

dL in the ontrol group (p < 0 001) In the pme wood stanol ester group, the mean change in

choIesteroI from b ine was -16.3 mg/dL compared to -1. 6 mg/dL in the control

group (p < O OOI) Compared toxconsumptron of a control margarine and shortemng, consumptron
of 6.8 g/d of Vegetable orl-based stanol esters lowered LDL cholesterol by 14.6 + 8.0 percent

(p < 0.001). Consumption of 6.8 g/d of the pine wood-based stanol esters showed a comparable
decrease of 12.8 + 11.2 percent (p < 0.001) in comparison to control margarine consumption.
Decreases in LDL cholesterol were not significantly different between the two experimental groups
(p= 0.793). Serum HDL cholesterol did not change during the study.

Niini/koski et al. (Ref 9I) randomly assigned 24 'subjects with normal serum cholesterol levels
to use eIther a'plant stanol ester margarine (5.1 g/d plant stanol esters; 3 g/d of free plant stanols)
or ordinary rapeseed oil margarine (control) for 5 weeks. Subjects followed their normal diets,
except for substituting the test or control margarine for normal dietary fat intake. During the study
period the mean plus/minus standard deviation for serum total cholesterol decreased more in the
plant stanol ester spread group (-31 pIus/minus 19.4) compared to the ordinary rapeseed oil spread
group (-I 1.6 plus/minus 19.4) (p < 0.05). Serum non-HDL (LDL plus very low density lipoprocein)
cholesterol also decreased more in the plant stanol ester grovy [-31 plus/minus 23) compared to
the controI group (-11.6 pIus/mmus 19.4) (p < 0.05), but the plant stanol ester spread did not
mﬂuence HDL cholesterol concentrauon (p— O 71 between groups) i

(d) Other studzes research syntheszs study As dlscussed in sectlon III C 1 d of this document
the agency consrdered the results of a March 25, 2000, research synthesis study (Ref 100) of

the effect of plant sterols and plant stanols on serum cholesterol concentratlons as supportmg
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evidence uu wie relationship hetween plant sterol/stanul esters and CHI. .. this research synthesis
study, the cc.ubined effect of plant sterols and stanols on serum choleste, ... concentrations was
analyzed by pooling data from [4 randomized trials that employed either a parallel or crossover
design, consisting of 20 dose comparisons of either piant sterols or plant stanols to a control vehicle.
The data described the effects on serum LDL cholesterol concentrations obtained from using
spreads (or, in some cases, mayonnaise, olive oil, or butter) with and without added plant sterols
or stanois. | o

’Based ‘onﬁtbl‘le e.Iaeebo-adjusted reduction in s‘erum LDL cholesterol, the analysis indicated that
2 g of plant sterol (equivalent to 3.2 g/d of plant sterol esters) or plant stanol (equivalent to 3.4
g/d of plant stanol esters) added to a daily intake of spread (or mayonnaise, olive oil, or butter)
reduces serum concentrations of LDL cholesterol by an average of 20.9 mg/dL in people aged
50 to 59 (p=0.005), 16.6 mg/dL in those aged 40 to 49 (p=0.005), and 12.8 mg/dL in those aged
30 to 39 (p=0.005). The results indicated that the reduction in the concentration of LDL cholesterol
at each dose is significantly greater in older people versus younger people. Reductions in blood
total cholesterol concentra_tions were similar to the LDL cholesterol reductions and therc was little
change in Semﬁ concentrations of HDL cholesterol. The results of this analysis also suggested
that doses greater than about 2 g of plant sterol (3.2 g/d of plant sterol esters) or stanol 34
g/d of planvt stanol esters) per day would not result in further reduction in LDL cholesterol.

Observational studies and randomized trials concerning the relationship between serum
cholesterol and the risk of heart disease (Ref. 101) indicate that for people aged 50 to 59, a
reduction in LDL chulesterol of about 19.4 mg/dL (0.5 mmol/l) translates into a 25 percent
reduction in the risk of heart disease after about 2 years. Studies administering plant sterols and
stanols have derﬁonétrated the potential to provide this protection. Acéording te Law, the
cholesterdl lowenng capacity of plant sterols and stanols is even larger than the effect that could

be expected to occur if people ate less animal fat (or saturated fat) (Ref. 100).



Community Irr"x~vention Study

The plant swanol ester petitioner nlso submitted a community intervention study by Puska et
al. (Ref. 102) that described the relationship hetween consumption of plant stanol ester-containing
margarine and serum total cholesterol concentrations in North Karelia, Finland. FDA considered
this study as supporting evidence for the relationship between plant stanol esters and CHD. In
the early 1970’s Finland had the highest cardiovascular-related mortality.in the world. Since 1972,

active preven n programs camed out in the framework of the North I\areha Project have reduced

these hxgh rates A central target of these programs was promotron of dietary changes to reduce
population cholesterol levels. In spite of great success in the 1970’s and 1980’s, cholesterol levels
at the end of the 1980’s remained, by international standards, relatively high in North Karelia,
especially in rural areas. The Village Cholesterol Competition was introduced as an innovative
method to promote further cholesterol reduction in the population. Puska et al. (Ref. 102) describe
two competitions (1991 and 1997) in which serum cholesterol values of‘subjects ages 20 to 70
years in partic’ipating "villages' were measured twice during a 2 month period. The village with

the greatestmean reduction in sernm cholesterol was awarded a monetary prize. The 1991
competition is not relevant to this interim rule beceuse plant stanol ester-containing spreads were

~ not available at the time. However, the 1997 competition is relevant because plant stanol ester-
containing spreads had become available and, as discussed below, were consumed by a significant
number of participants. Subjects were asked to complete a questionnaire about demographic factors,
risk factors, dietary vchanges, and physical activity. The questionnaire included specific questions
on changes in use of milk, fat spreads, fat used for baking, and food preparation. Participating

villages were responsible for arranging intervention activities and blood cholesterol measurements.
Slxteen vxllages w1th a total of 1,333 Pparticipants, were mcluded in the results There were

8 weeks b tween the mltxal and ﬁnal blood cholesterol measurements Approxrmately 24 percent

of the part1c1pants changed their fat spread on bread to recommended altematives (e.g., from butter

to margarine), but 57 percent did not make any changes in their choice of spread. Use of plant



46
stanol ester-coii..ining spread increased nearly fiverold. wheicas use of butte: . butter-vegetable oil
mixture and normal vegetable margarine use declined. .\pproximately 200 participants began to
use plant stanol ester spread during the competition as their fat spread on hread.

The winning village had an average serum total cholestero! reduction of 16 percent (p < 0.001).
Results for each village were calculated as the mean percent reduction in individual cholesterol
levels The mean reductlon in serum total cholesterol of all partxc1patmg villages was 9 percent
(p< 0 001) In 14 of 16 v1llages the reduction between the mltlal and final blood cholesterol
measurements was statnstxcally 31gn1ﬁcant (p < 0.05). The investigators observed that the greater
the self—reported daily use of the plant st_anol ester spread, the greater the serum cholesterol
reduction. Furthermore, of those who reported using more than 5 teaspoonfuls per day of plant

stanol ester-containing spread, an average serum total cholesterol reduction of 21.3 percent was

achieved.

(e) Summary. In two (Refs. 77 and 80) of three (Refs. 77, 80, and 97) studies of
hypercholesterolemxc subjects consuming low saturated fat and low cholesterol diets, plant stanol”
ester intake was associated with statxstlcally significant decreases in total and LDL cholesterol
levels when compared to a control group. Levels of HDL cholesterol were found to be unchanged
(Refs. 77, 80, and 97).

Levels of plant stanol esters found to be effective in lowering total and LDL cholesterol levels,
in the context of a diet low in saturated fat and cholesterol, were 3.4 g (Ref. 80) and 3.9 g (Ref.
77) (equivelent to 2« id 2.31 g of free plant stanols, respectively). Other results from one of
these studies fRef. 77) reported a statistically significant effect of 3.9 g/d of vegetable oil stanol
esters (2.16 g/d of free plant stanols) on blood total cholesterol, but not LDL cholesterol. Dietary
supplementation with3 g of plant stanols per day (equivalent to 5.1 g/d of plant stanol esters)
to hyperch"élesterelemic subjects chSUﬁﬁng a low saturated 'fat’ and low cholestefol Qiet (Ref. 97)

did not significantly lower plasma total or LDL cholesterol.”
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Ir. 10 of Lu studies of hypercholesterolemic subjects consuming “‘usual™ diets (Refs. 58, 63
and 64 (1 study), 67, 74, 78, 81 and _82 (1 study), 88 through 90. .- ' 94), plant stanol ester
intake was associated with statistically significant decreases in blood total and/or LDL cholesterol
levels. In seven (Refs. 58, 67, 74, 88 through 90, and J4) of these ten studies, HI2L cholesic. !

levels were not significantly affected by plant stanol dietary treatment. In 2 studies (Refs. 63 and

64 (1 study) and 78) of the 10 studies, plant stanol esters were reported to increase the levels

of HDL cholestero basehne Ievels Two separate pubhshed reports of another study (Refs.
81 and 82) yyere inconsistent in their descrlptlon of effects on HDL cholesterol. One pubhcatron
(Ref. 81) reported HDL cholesterol to be significantly lower in the plant stanol ester group
compared to a control group, but the other publication reported that the difference in HDL
cholesterol between the two groups was not significant (Ref. 82). This incongiuity may be due
to the difference in the number of control subjects utilized in the analysis between the two
pubhcatlons The agency notes that the majority of studies do not report a statrstlcally significant
change in HDL cholesterol in the plant stanol ester groups compared to the control groups.
Levels of plant stariol esters found to be effective in Jowering total and/or LDL cholesterol
levels in hypercholesterolemic subjects consuming a ‘‘usual’’ diet ranged from 1.36 to 5.8 g/d
(equivalent to 0.8 to 3.4 g/d of free plant stanols) (Refs. 58, 63 and 64 (1 study), 67, 74, 78,
81 and 82 ( I study), 88 through 90, and 94). In the study by Hallikainen et al. (Ref. 88), 1.4
g/d plant stanol ester (0.8 g/d of free piant stanol) did not significantly reduce serum cholesterol
levels, but intakes of 2.7, 4.1, and 5.4 g/d’of plant stanol esters (1.6, 2.4, and 3.2 g/d of free
plant stanols, respectively) were found to significantly reduce both serum total and LDL cholesterol
levels. In another of the 10 studies described above (Ref. 94), subjects consumingv a higher dose
(3.4 g/d, equivalent to 2 g/d of free plant stanols) of plant stanol esters showed statistically
signiﬁcanrf-reductions;""in both blood total and LDL c'hol‘esterol', but a lower dose of plant stanol
esters (1.3% vg/d, equivalent to 0.8 g/d of free plant stanols) showed reductions in blood total, but

not in LDL cholesterol. The results of the study by Miettinen and Vanhanen (Refs. 63 and 64)
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are inconclusive. This may be due to lack of statisticar power (e.¢.. sample size too small to detect
the hypothesizad difference between groups) or too lov a dose of plant si...ols to provide an effect.
As previously discussed. the descriptions of methods and results also were inconsistent and difficult
to interpret. Although these investigators 1eported (Ref. 63) a statistically significant effect of 1.36

g/d plant stanol esters (equivalent to 0.8 g/d of free plant stanols) on reducing serum total and

LDL cholesterol compared to a control group, there was no effect of 700 mg/d of the free plant

stanols (equrvalent :;%:1 19 g/d of plant stanol esters) on blood cholesterol Ievel

Two studres (Refs. 91 and 92) examined the effects of plant stanol esters in healthy adults
with normal cholesterol levels consuming a ‘‘usual’’ diet. Both of these studies demonstrated
srgmﬁcant decreases in blood total and LDL cholesterol or non-HDL cholesterol levels when
compared to controls Levels of plant stanol esters found to be effective were 6.8 g/d (vegetable
oil stanol esters; 3.8 g/d of free plant stanols) (Ref. 92), 6.8 g/d (pine wood stanol esters; 4 g/

d of free plant stanora) (Ret. 92) and 5. I g/d (source unreported; approxxmately 3 g/d of free
plant stanols) (Ref 91). HDL cholesterol levels were not significantly affected by plant stanol
consumption in these reports.

Based on these studies, FDA finds there is scientific evidence for a consistent, clinically
significant effect of plant stanol esters on blood total and LDL cholesterol. The cholesterol-lowering
effect of plent etanol esters is consistent in both mildly and moderately hypercholesterolemic

populations and in populations with normal cholesterol concentrations. The cholesterol-lowering
effect of plant stanol esters hasi been reported in addition to the effects of a low saturated fat
and low cholesterol ¢.ct. Most studies also report that plant stanols do not affect HDL cholesterol
levels. These conclusions are drawn from the review of the well controlled clinical studies artd

are supported by the research synthesis study of Law (Ref. 100) and the commumty intervention

tnal of Puska et al. (Ref 102)
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IV. Decision to Authorize a Health Claim Relating Mant SteroyStanol Esters to Reduction
in Risk of CHI?
A. Relationship Between Plant Sterol Esters and CHD

The plant sterol esters petition provided information on pertinent human studies that evaluated

the effects on serum total cholesterol and LDL cholesterol levels from d1etary intervention with

n subjects w1th normal to mrldly or moderately elevated serum

’”."‘"FDArevrewed the 1nformat1on in the petmon as well as other pertrnent studles '

lden fied by the agency llterature search

FDA concludes that based on the totality of publicly available scientific evidence, there is
significant scientific agreement to support a relationship between consumption of plant sterol esters
and the risk of CHD. The evidence that plant sterol esters affect the risk of CHD is provided
by studres that measured the effect of plant sterol ester consumption on the two major risk factors
for CHD serum total and LDL cholesterol |

In most mtervenuon trlals in subjects w1th mlldly to moderately elevated cholesterol levels
(total cholesterol <3OO mg/dL), plant sterol esters were found to reduce blood total and/or LDL.
cholesterol levels to a significant degree (Refs. 57, 58, 61 and 62 (1 study), 67, and 74). Moreover,
HDL cholesterol levels were unchanged (Refs. 57, 58, 61 and 62 (1 study), 67, and 74). Results
in normocholesterolemic subjects (Refs. 51, 65, and 75) were similar to the results in mildly to

moderately hypercholesterolemic subjects.
Most of the studies in subjects with mildly to moderately elevated'Cholesterol levels used

“‘usual’’ diets in either a controlled feeding (Refs. 58 and 74) or free-living (Refs. 57, 63 and

64 (l study) and 67) s1tuatron but one study used a low saturated fat, low cholesterol diet during

the stud"": (Refs 61 a: :“;‘)) All three of the studres i hzsub'ects wrth normal blood

choles' rol levels used “‘usual”’ dlets in elther a controIled feedmg (Refs 5 1 and"65) or free- o

hvmg (Ref 75) 51tuat10n Plant sterol esters have been reported to lower blood cholesterol levels ’

in subjects with Imldly 0 moderately elevated cholesterc] consurmng either a “usual” diet or
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low saturated fat, low cholesterol diet and in subjects v.ith normi..  ood cuolesteral levels

consuming “usual’” dicts. Therefore. the evidence suggests that the blood cholesterol-lowering
response occurs regardless of the type of background diet subjects consume.

Plant sterols (esterified or free) were tested in either a spread. margarine. or butter carrier
and produced féirly consistent resuits regardless ot the food carrier and apparent differences in
processing techniques. Given the variability of amounts and of food carriers in which plant sterols
and plant sterol esters were provided in the diets studied, the response of blood cholesterol levels
to plant stérols appears to be consistent and substantial, except for plant sterols from sheanut oil
and ricebran oil (Refs. 67 and 75).

Based on the totality of the publicly available scientific evidence, the agency concludes that
there is significant scientific agreement that plant sterol esters from certain sources will help reduce

~ serum cholesterol and that such reductions may reduce the risk of CHD. Section '
101.83(c)(2)(ii)(A)(J) (discussed in section V.C of this document) specifies the plant sterol esters
that have been demonstrated to have a relationship to the risk of CHD. In the majority of clinical
studies evaluating plant sterols or plant sterol esters, blood total and LDL cholesterol were the
lipid fractions shown to be the most affected by plant sterol intervention. As discussed in section
I of this document, reviews by Fedéral agencies and other scientific bodies have concluded that
there is substantial epidemiologic and clinical evidence that high blood levels of total cholesterol
and LDL cholesterol represent major contributors to CHD and that dietary factors that decrease
blood total cholesterol andv LDL cholesterol will affect the risk of CHD (56 FR 60727 at 60728,
and Refs. 18 through 21). |

Given all of this evidence, the agency is authorizing a health claim on the relationship between

plant sterol esters and reduced risk of CHD.

B. Relationship Between Plant Stanol Esters and CHD
The plant stanol esters petition provided information on pertinent human studies that evaluated

the effects on serum total cholesterol and LDL cholesterol levels from dietary intervention with
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plant stanoss or plant stanol esters in subjects with normal to mildly or moderately elevated serum
cholesterol levels. FDA reviewed the information in the plant staa, osters petition as well as other
pertinent studics from the plant sterol esters petition and from the studies dentified by the agency’s
literature_ search.

FDA cohcludes that, based on the totality of publicly available scientific evidence, there is
signifiCaht scieuiiﬁcﬂg_‘agrfcement to support a relationship between consumption of plant stanol esters
and the nsk of CHDThe evidence that plant stanol esters affect the risk of CHD is provided o
by bstud.ievs‘ that measured the effect of plant stanol ester consumption on the two major risk factors
foi~ CHD, serum total and LDL cholesterol. k

In most intervention trials in subjects with mildly to moderately elevated cholesterol levels
(total cholesterol <300 mg/dL.), plant stanol esters were found to reduce blood total and/or LDL |
cholesterol levels to a significant degree (Refs. 58, 63 and 64 (1 study), 67, 74, 77, 78, 80, 81
and 82 (1 study), 88 through 90, and 94). Moreoiler, HDL cholesterol levels were uriéhanged in
most intervention stqdies (Refs. 58, 67, 74, 77, 80, 88 through 90, and 94). Results in
normoéholesterolemic subjects (Refs. 91 and 92) were similar to the results in mildly to moderately
hypercholesterolemic Subjects.

Most of the studies in subjects with mildly to moderately elevated cholesterol levels used
“‘usual’’ diets in either a controlled fqeding (Refs. 58 and 74) or free-living (Refs. 63 and 64

(1 study), 67, 78, 81 and 82 (1 study), 88 through 90, and 94) situation, but three studies used

a low saturated fat, low choles‘terol diet during the study (Refs. 77, 80 and 97‘). Both of the studics
in subjects with normal blood cholesterol levels (Refs. 91 and 92) used “usual’’ diets in a free-
living situation. Plant stanol esters have been reported to lower blood cholesterol levels in subjects
with mildly to moderately elevated cholesterol consuming either a “‘usual’” diet or low saturated
fat, low c}?bleSterol diet and in subjects with normal blood cholesterol lev'velsﬁco:riisiivrrﬁng “‘usu}al”
diets. Therefore, the evidence suggests that the blood choiesterol-lowering response occurs

regardless of the type of backgroimd diet subjects consume.
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Plant s«.nol esters weré tested in either a spread. .nargarine. butter. ....vonnaise or ;\'hdrtening
carrier and ,.;1\/311ccci fairly consistent results regardless of the food carric. .ad apparent differences
in processing techniqucé. Given the variability of amounts and food carriers in which plant stanol
esters were provided in the diets studied, the responsc of blood cholesterol levels appears to be

consistent and substantial.

Bésgd on the totality of the publicly available scientific evidence, the ’agen'cy concludes that
there 1S é'i;gni'ﬁcaﬁf'séiéﬁiiﬁé'z'éigfeemenf that plant stanol esters will help reduce blood cholesterol
and that ’su"ch reductions may reduce the risk of CHD. Section 101.83(c)(2)(ii)(B)(/ ) (discussed
in sectibn V.C of this document) specifies the plant stanol esters that have been demonstrated
to have a relationship to the risk of CHD. In the majority of clinical studies evaluating plant stanol
esters, blood total and LDL éholesterol were the lipid fractions shown to be the most affected
by plant stanol intervention. As discussed in section I of this document, reviews by Federal agencies
and other scientific bodies have concluded that there is substantial epidemiologic and clinical
evidenéé that high blood levels of total cholesterol and LDL cho’les_terol represent major éontributors
to CHD and that dietary factors that decrease blood total cholesterol and LDL cholesterol will
affect the risk of CHD (56 FR 60727 at 60728, and Refs. 18 through 21). ‘

Given all of this evidence, the agency is authorizing a health claim on the relationship between

plant stanol esters and reduced risk of CHD.
V. Description and Rationale for Componrents of Health Claim

A. Relationship Betv. _.en Plant Sterol/Stanol Esters and CHD and the Sigm'ﬁcdnce of the

Relationship

Nciv section 101.83(a) describes the relationship between diets contai‘n'ihgfplant sterol/stanol
esters an'cf the riSk of CHD In}§ 101.83(a)(1), the agency recounts that CHD is't:he’ mosf common
and senous form of CVD, and that CHD refers to d’i’séase‘s of the heart muscie arjd supporting

blood vessels. This pa‘ragraph‘ also notes that high blood total and LDL cholesterol levels are
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associated wiu. increased risk of developing CHD and identifies ine iccls of total cholesterol

and LDL choles.crol that would put an individual at high risa of developing CHD. as well as

those blood cholesterol levels that are associated with borderline high risk. This information will

assist consumers in understanding the seriousness of CHD.

In § 101. 83(a)(2) the agency recounts that populations with a low incidence of CHD tend

e LDL cholesterol levels Thrs paragraph states that these populatlons

3w bloc 'd”ota' V

also tend to have di ary patternsy that are low m total fat saturated fat and cholesterol and hlgh

to have lo

ontam ftber and other components. This mformatron 1s consrstent ‘with that

in plant foods th

provrded in the regulatrons authorizing health claims for fiber-containing fruits, vegetables, and
grain products and CHD (§ 101.77), soluble fiber from certain foods and CHD (§ 101.81), and

soy protein and CHD (§ 101.82). The agency believes that this‘information provides a basis for
a better understanding of the numerous factors that contribute to the risk of CHD, including the
relationship of plant sterol/stanol esters and diets low in saturated fat and cholesterol to the risk

of CHD.

Section 101.83(a)(3) states that diets that include plant sterol/stanol esters may redttce the
risk of CHD.
Section 101.83(b) describes the significance of the diet-disease relationship. In § 101.83(b)(1),
_the agency recounts that CHD remains a major public health concern in the United States because
the disease accounts for more deaths than any other disease or group of diseases. The regulation
states that early management of modifiable CHD risk factors, such as high blood total and LDL
cholesterol levels, is a major public health goal that can assist in reducing the risk of CHD. This

1nformatron is consxstent w1th the ev1dence that lowering blood total and LDL cholesterol levels

reduces the rrsk of CHD} (56 FR 60727 58 FR 2739 and Refs 18 through 21 and 50) Section

101. 83(b)7 2) states that 1nclud1ng plant sterol/stanol esters in the dret helps to lower blood total

and LDL cholesterol Ievels FDA concludes that thrs statement is screntrflcally vahd based on

the evrdence that it has revrewed on this diet-disease relatronshrp
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B. Nature of t/ic Claim

In new § 101.83ccx(1), FDA is providing that the general requirements for health claims in
§ 101.14 must be met. except that the disqualifying leve! for total fat per 20 g in § 101.14(a)(d)
does not apply to spreads and dressings for salad, and the minimum nutrient contribution
requirement in § 101.14(e)(6) does not apply to dressings for salad. FDA has decided to except
these plant' sterol/stanol ester products from the specified requirements in § 101.14(a)(4) and (e)(6)
because it khyafs determmed that permitting the health claim on such products will help consumers
develop a die{ary approach that will result in significantly lower blood cholesterol levels and an
accompanying reduction in the risk of heart disease. The basis for this decision is discussed in
more detail in section V.D of this decument. The agency is requesting comments on this decision.

In § 101.83(c)(2)(1), FDA is authorizing a health claim on the relationship between diets that
contain plant sterol/stanol esters and the risk of CHD. The agency is authorizing this health claim
based on its review of the scientific evidence on this substance-disease relationship, which shows -

that diets that vc'ontain plant sterol/stanol esters help to reduce total and LDL cholestero! (Refs.

51, 57, 58, 61 and 62 (1 study), 63 and 64 (1 study), 65, 67, 74, 75, 77,78, 80. 81 and82

(1 study), 88 through 92, and 94). This result is significant for the risk of heart disease because
elevated levels of total and LDL cholesterol are associated with increased risk of CHD (Refs.
18 through 21).

In § 101.83(c)(2)(1)(A), FDA is requiring, consistent with other health claims to reduce the
risk of CHD, that the “laim state that plant sterol/stanol esters should be consumed as part of
a diet low in saturated fat and cholesterol. The agency acknowledges that most of the scientific
evidence for an effect of plant sterol/stanol esters on blood cholesterol levels was provided by
studies that uksed ‘f‘usual"’ diets (Refs. 51, 57, 58, 63 and 64 (1 'study),GS, 67,74, 75,78, 81
and 82 (1 :f§tudy), 88 through 92, and 94). Some studies used“low fat, 'Ibw"'choles'tero‘l diets and
also found a cholesterol- lowermg effect of plant sterol/stanol esters (Refs. 61 and 62 (1 study),

77, and 80). The results were consistent across studies, regardless of the background diet used.
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Howeer, not wl studies reported whether reductions in choiesterol were aciueved as compared

tn

to baseline. The results of one study that investigated the effects . * ~lant stanol esters added to

“butter (Ref. 78) suggest that plant stanol esters may not be able to fully counteract the impact

of a high saturated fat diet on blood cholesterol level:. In that study, plant stanol esiers adei. .

to butter significantly reduced both serum total cholesterol and LDL cholesterol compared to control

(butter anne) but there was no srgntﬁcant reductton in elther serum fotal or LDL cholesterol

- compared to basehneL Slnce there must be a cholesterol reductron compared to baseline in order

~for rtsk of CHD to decrease it would be mtsleadlng for the clatm to 1mply that plant sterol/stanol
 esters affect the risk of CHD regardless of diet, when that may not be the case.

In addition, as more fully discussed in section V.A of this document, CHD is a major public
health concern in the United States, and the totality of the scientific evidence provides strong and
consistent support that diets high in saturated fat and cholesterol are associated with elevated levels
of blood total and LDL cholesterol and, thus, CHD (56 FR 60727 at 60737). The majority of
Americans consum‘efa‘moums of total fat and saturated fat that exceed the recommendations made
in the Dietary Guidelines for Americans (Ref. 103). For exetmple, from 1994 to 1996 only about
one-third of Americans age 2 and older consumed no more than 30 percent of calories from total
fat and only about one-third consumed less than 10 percent calories from saturated fat (Ref. 104).
Dietary guidelines from both government and private scientific bodies conclude that the majority
of the American population would benefit from decreased consumption of dietary saturated fat
and cholesterol (Refs. 18 through 21). Thus, the agency finds that it will be more helpful to
Americans’ efforts to maintain healthy dietary practices if claims about the effect of plant sterol/
stanol esters on the risk of CHD also recommend a diet low in saturated fat and cholesterol.

o Moreover, the agency finds that for the pubhc to understand fully, in the context of the total
daily dlet ‘the srgmﬂcance of consumptlon of plant ster. )l/stanol esters on the risk of CHD (see
section 403(r)(3)(B)(111) of the act), information about the total diet must be 1ncluded as part of

the claim. Therefore, the agency believes the plant sterol/stanol-containing food product bearing
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the health claim should provide information on consutaing plant sterol/stanol esters in the context
of a health, iet. In fact. as evidenced by the requiren..nt in section 403.. .. 3)}(B)(ii1) of the act
that health claims be stated so that the public may understand the significance of the information
in the context of *"a total daily diet,”” Congress intenucd FDA to consider the role of substances
in food in a way that will enhance the chances of consumers constructing diets that are balanced
and héglthful o‘v‘e‘ryall (Ref. 105). Therefore, the agency finds that the health claim that is the subject
of thié' interim rule should be consistent with the Dietary Guidelines for Americans, 2000 (Ref.
VIO?.a')’gi’iideline for fa’t‘kand saturated fat intake, which states, ‘‘Choose a diet that is low in saturated
fat ahd éﬁolesterol and moderate in total fat.”’

- In § 101.83(c)(2)(1)(B), the agency is requiring, consistent with other health claims, that the
relationship be qualified with the terms ‘‘may’’ or ‘‘might.”’ These terms are used to make clear
that not ail persons can necessarily expect to benefit from these dietary changes (see 56 FR 60727
at 60740 and 58 FR 2552 at 2573) or to experience the same degree of blood cholesterol reduction.

The requirement that the claim use the term “‘may’’ or “‘might’’ to relate the ability of plant

sterol/stanol esters to reduce the risk of CHD is also intended to reflect the multifactorial nature

of the disease.

In § 101.83(c)(2)(i)(C), the agency is requiring, consistent with other authorized health claims,
that the terms ‘‘coronary heart disease’’ or “‘heart disease’’ be used in specifying the disease. |
These terms are commonly used in dietary guidance materials, and therefore they 'should be readily
understandable to the consumer (see 56 FR 60727 at 60740 and 58 FR 2552 at 2573).

In § 101.83(c)(<)(i)(D), the agency is requiring that the claim specify the substance as ‘‘plant
sterol esters’” or “‘plant stanol esters,’” except that if the sole soufce of plant sterols or stanols
is vegetable oil, the claim may use the term “‘vegetable oil sterol esters’”” or ‘‘vegetable oil’ stanol
esters,”’ ds appropriate.

'Section 101.83(C)(2)(i)(E), consistent with other authorized health claims, requires that the

claim not attribute any degree of risk reduction of CHD to consumption of diets that contain plant




7

th

sterol/stanol esters. Also consistent with other authorised clainis. y 101.83(c)(2)(1)(F) requires that
the claim not i1y that consumption of diets that contain plaat sterol/stanol Csters is the only
recognized means of reducing CHD risk.

Investigators huve estimated the size of the reduction in risk of heart discase produced by

a given reduction in blood cholesterol concentration according to age and the time needed to attain

'sk (Ref 10D), but these data are populatron estrmates and do not reflect

the full reducti
1nd1v1dualrlsk ed _ potent1a1 Moreover populatron nsk reductrou estrmates from plant sterol/
s«tanol eeter ‘covrtsiurﬁptron cannot be determined because the data do not reveal a consistent level
of blood‘eholesterol reduction for a given plant sterol/stanol ester intake level. Therefore, the plant
sterol/stanol ester studies that the agency reviewed do not provide a basis for determining the
percent reduction in risk of CHD likely to be realized from consuming plant sterol/stanol esters,
and therefore claims of a particular degree of risk reduction would be misleading.

Section 101.83(c)(2)(i)(G) requires that the claim specify the' daily dietary intake of plax{t sterol
or stanol yesters‘neetied to reduce the risk of CHD and the contribution one serving of the product
makes to achieving the specified daily dietary intake. This requirement is consistent with
requirements set forth in §§ 101.81 and 101.82. |

Section 101.83(c)(2)(i)(G)(1) specifies the daily dietary intake of plant sterol esters needed
to reduce tfle risk of CHD. '

In the studies the agerlcy reviewed that show a statistically significant effect of plant sterols
on total and LDL \cholesterol, the amounts fed ranged from 0.74 to 8.6 g/d of free plant sterols,
which is equivalent to approximately 1.2 to 13.8 g/d of plant sterol esters (Refs. 51, 57, 58, 61

~and 62 (1 study), 65, 67, and 75). (Without the high outlier of 8.6 g/d of free plant sterol ester
consumed in one study (Ref 5 1) the range is O 74 g/d to 3 24 g/d of free plant sterols (Refs.
57, 58 61 and 62 (1 study) 65 67 and 75.)) In proposing 1 g/d of free plant sterols (1.6 g/
d plant sterol esters) as the daily dietary intake level assocrated ‘with reduced risk of CHD, the

plant sterol ester petitioner asserted (Ref. 1, page 41) the.t intakes above 1 g/d have consistently
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been shown to lower blood total and LDL cholesterm‘_‘ citing the  les py Maki et al. (Refs.

61 and 62 (1 study), Hendriks et al. (Ref. 57). and Wes.strate and Meijer (Ref. 67). but that intakes
below this level have not. As support for the latter statement, the petitioner cited the reports by
Miettir"xen and Vanhanen (Refs. 63 and 64 (1 study)), waich found no statistically significant blood
cholesterol reduction from consumption of 0.7 of piant sterols (equivalent to 1.12 g/d ~f pl»ant
stqol{e,stqrs).k |
| Although theagencyagrees with the plant sterol ester petitioner that free plant sterol
consumptlon of egreat‘er. than 1 g/d (1.6 g/d of plant sferol esters) has consistently been shown
to lower total and LDL Choles[erol levels (Refs. 51 57, 58, 61 aﬁd"62“(1 study), and 67), the
agency reviewed the s‘tudies to determine whether there is a lower level at which consumption
of plant sterols has consistently shown cholesterol-lowering effects. There were three studies (Refs.
57, 65, and 75) that found a statistically significant reduction in cholestero!l with free plant sterol
consumption less than 1 g/d. Hendriks et al. (Ref. 57) reported the effects of feeding three different
Ivevels‘ of plant sterol esters, including 1.33 g/d (equivalent to 0.83 g/d free plant Sterols). At that
intake level, blood total cholesterol decreased by 4.9 percent (p <0.001), and LDL cholesterc!
decreased by 6.7 percent (p <0.001), compared to a control spread. Sierksma et al (Ref. 75) reported
that daily consumption of 0.8 g/d of free soybean oil stgrols lowered plasma total and LDL
cholesterol concentrations by 3.8 percent (p < 0.05) and 6 percent (p < 0.05), respectively,
compared to a control spread. Pelletier et al. (Ref. 65) reported a 10 percent reduction in blood
total cholesterol (p < 0.001) and a 15 percent reduction in LDL cholesterol (p < 0.001), compared

to a control group, in subjects consuming 0.74 g/d of soybean sterols (nonesterified) in 50 g/d

of butter for 4 weeks.

For the purpose of setting the daily dietary intake level to be used in the plant sterol esters
and rfsk of CHD héalt_h Cfaim, the agency is placing greater emphééis on studi_és that incorporated -
plant sterc;l, esters into foo&s that will be permitted to bear the claim. Therefore, the study by"

Pelletier et al. (Ref. 65), in which 0.74 g/d of free plant sterols were incorporated into butter,
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rather thau « vegetable-based spread. is less relevant i determining a useful daily intake level.
(Butter would not be able to bear the claim because it cxceeds ihie wi,qualifving levels for
cholesterol and saturated fat on a 30 gram basis.) The daily intake level utilized in the study by
Pelletier et al. (Ref. 63) is also very close to that used in the study by Miettinen and Vanhanen

(Refs. 63 and 64 (1 study)) which found that 0.7 g/d of free plant sterols did not result in

1flcant reductlons of blood total and LDL cholesterol For the purpose of settmg

statlstrcally srg'"

AA therefore focused mstead on the 1ntakes consumed in the Srerksma et

al report (Ref 75) Oj8 g/d of free plant steroIs (equrvalent to 1. 3 g/d of plant sterol esters), and
the Hendrlks et al. report (Ref. 57), 0.83 g/d of free plant sterols (1.33 g/d of plant sterol esters).
These two intake levels are almost identical, and both resulted in statistically significant reductions
in blood total and LDL cholesterol. As previously noted, all other studies with higher intakes o‘f
plant sterols also resulted in statistically significant reductions of both blood total and LDL
cholesterol (Refs. 51 57, 58, 61 and 62 (1 study), and 67). The agency therefore finds that
consumptlon of at least 0.8 g/d of free plant sterols, or 1.3 g/d of plant sterol esters, has consistently
been shown to Iower blood total and LDL cholesterol. Accordingly, FDA is providing in
§ 101.83(c)(2)(i1)(G)(1) that the daily intake of plant sterol esters associated with reduced risk of
CHD is 1.3 g or more of plant sterol esters per day. The agency is asking for comments on this
determination.
Section 101.83(c)(2)(ING)(2) specifies the daily dietary intake of plant stanol esters needed
to reduce the risk of CHD. In the studies the agency reviewed that show a statistically significant /
effect of plant stanols on blood total and LDL cholesterocl, tac umounts fed ranged from 0.8 to
4 g/d of free plant stanols, which is equivalent to approximately 1.36 to 6.8 g/d of plant stanol
esters (Refs 63 and 64 (1 study), 67 717,78, 80 81 and 82 (1 study) 88 through 92, and 94).
In proposfhg 3. 4 g/d of plant stanol esters (2 g/d free plant stanols) as the daily dietary intake
level assocrated with reduced risk of CHD, the plant stanol ester petitioner asserted (Ref. 6, page

12) that intakes of at least 3.4 g/d of plant stanol esters have been shown to significantly reduce
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blood totai wud LDL cholesterol, citing the studies bv wiettinen et al. (kc.. 39) and Nguyen (Ref.

90).

Although the agency agrees with the plaﬁt stano! ester petitioner that plant stanol ester
consumption of approximately 3.4 g/d has been shown to significantly 'ower total and LDL
.choleksterol levels in several studies (Refs. 80, 89, 90, and 94), FDA notes that two other siudies
(Refs'.j 77'and 97) with an intake level of plant stanol esters greater than 3.4 g/d did not report
s_i‘gniﬁeantk reductions in blood total and LDL cholesterol lev'els. The study by Denke (Ref. 97)
did not find redections in either total or LDL chelesterol after consumption of a total daily intake
of 3 g/d of free plant stanols '(equitvalent to 5.1 g/d of plant stanol esters). Unlike most of the
other studies that the agency reviewed, however, the Denke study (Ref. 97) was not a randomized,
placebo-controlled, double-blind study, but rather a fixed sequence design. One result of this design
was that during the plant stanol dietary supplement phase the subjects consumed an additional
12 g of fat that they did not consume in other phases; this makes comparisons between phases
difﬁcult, and therefore FDA gives less weight to this study. |

In a report by Hallikainen et al. (Ref. 77), total cholesterol, but not LDL cholesterol, was
significantly reduced after consumption of 3.9 g/d plant stanol esters from a vegetable oil source;
this same study reported statistically significant reductions in both blood total and LDL cholesterol
from a daily intake of 3.9 g/d of plant stanol esters from a wood-derived source. After evaluating
the relative effectiveness of the vegetable oil and wood-derived plant stanol esters, however, the
authors of this study ~oncluded that the cholesterol-lowering effects of plant stanol esters from
these two sources dic. not differ significantly. Pointing out that there were no significant differences
in absolute or percentage changes in cholesterol concentrations between the vegetable oil and wood-
deriyed plant stanol ester groups and that the percenfage reduction in LDL cholesterol for the
vegetableféil stanel esters compared to control was ‘‘almost signiﬁeant” (p = 0.072) , these authors
con"_cluciied' that boih wood-derived stanol esters and vegetable oil stanol esters reduce serum

cholesterol concentrations ‘‘with apparently equal efficacy.”” Another study supports this
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conclusion. Fiuc et al. (Ref. 92) compared the reductions in blood tolwi «nd LDL cholesterol in
subjects who cousumed 6.8 ¢/d of wood-derived stanol esters with the blood .utal and LDL
cholesterol reductions in subjects who consumed an equal amount of vegetable oil stanol esters.

Again, no statistically significant differences were found; in numerical terms, the cholesterol

reductions associated with the vegetable oil stanol esters were sliohtly greater.

: - In lrght of the strong ev1dence (four studles) ‘that 3. 4 g/d of pla ‘stanol esters s1gmflcantlyf -

| lowe _ LDL cholesterol FDA concludesthat 1ntakes of 3'14 g/d or more of plant
stanol esters can be expected to stgmftcantly lower both total and LDL cholesterol As explamed
above, the agency is giving less weight to the Denke study (Ref. 97), in which the intake of

plant stanols was equivalent to 5.1 g/d of plant stanol esters, than to the four studies at the 3.4

g/d intake (Refs. 80, 89, 90, and 94) because of a weakness in the design of the Denke study.
Although the failure of the Hallikainen study (Ref. 77) to show a statistically significant reduction
in LDL cholesterol at 3.9 g/d of vegetable oil stanol esters raises a questron about whether the
source of the plant stanol esters affects the dazly mtake level necessary to achieve a benefit, it
appears that thls was an anomalous result, as explained above. Two studies (Refs. 77 and 92)
’have concluded that plant stanol esters from vegetable oil and plant stanol esters from wood sources
have equal effectiveness in lowering both total and LDL cholesterol.

FDA also reviewed the studies to determine whether there is a level lower than 3.4 g/d at
which consumption of plant stanol esters has consistently shown .cholesterol-lowering effects. The
lowest level at which a study found statistically significant reductions in both total and LDL
cholesterol was 1.36 g/d of plant stanol esters (Refs 63 and 64 (1 study)). However, another study

at the same level reported a statistically significant reductron in serum total but not LDL cholesterol

(Ref. 58) Furth‘ "r a study by Halhkamen et al (Ref 88) at a shghtly hlghe level reported that

1.4 g/d of plant stanol esters d1d not s1gmflcantly reduce serum total or LDL cholesterol levels

The same study (Ref '88) reported that 2.7 g/d of plant stanol ester s1gmﬁcantly reduced serum

total and LDL cholesterol levels. However, Jones et al. (Ref. 58) found srgmﬂcant LDL cholesteryol,y
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but not total chotesterol, reductions with intake of 3.31 ¢/d piant stanol esters (Ref. 58). Thus.
the agency was unable o find an intake level lower than 3.4 g/d that consistently showed
cholesterol-lowering effects for both total and LDL cholesterol.

Except as previously noted for the studies by Denke (Ref. 97) and Hallikainen (Ref. 77),
all the studies with intakes of 3.4 g/d or more of plant stanol esters resulted in statistically
sigﬁiﬁcant redu~tions of both total and LDL cholesterol levels (Refs. 67, 77, 78, 80, 81 and 82
(1 stildy), 88 through92,and 94). The"agenéy agrees with the pétitioﬁéf that a total dailly intake
of at least 3.4 g/d of plant stanol esters (equivalent to 2 g/d of free plant stanols) represents an
amount that has been shown to be effective in reducing blood cholesterol. Accordingly, FD’A is
providing in § 101.83(c)(2)(1)(G)(2) that the daily intake of plant stanol esters associafed with
reduced risk of CHD is 3.4 g or more of plant stanol esters per day. The agency is asking for
comments on this determination.

In § 101.83(c)(2)(i)(H), FDA is requiring the claim to state that the daily dietary intake of
plant sterol/staﬁol esters should be consumed in two servings eaten at different times. In the studies

| showing a statistically significant effect of plant sterols or plant sterol esters on blood total and
LDL cholesterol levels, subjects‘ were provided with and instructed to consume the daily intake
of plant sterols or plant sterol esters in two (Refs. 51, 57, 61 and 62 (1 study), and 67) or three
(Refs. 58 and 74) servings at different times of the day, or subjects were provided with the plant
sterol-containing food and asked to replace from 25 to S0 g of their typical dietary fat intake
with an equal amoun: of the test food over the course of the day’s dietary intake, usually during
meals (Refs. 63 and 64 (1 study), 65, and 75). The agency concludes that, to be consistent with
the conditions of the studies on which the claim is based, the daily intake of plant sterol esters
should be consumed in at least two servings eaten at”diffetér’lt”ti‘mes dtiring the day with other
foods. For the reasons glven in section V.D.l.a of thi“s‘ dQc\umé,nfft',' FDA is Specifying two servings

as the target number of servings.
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Similarly, in the studies showing a statistically significant effect of plant stanols or plant stanol
esters on blood total and LDL cholesterol levels. subjecis were ... .ded with and instructed to
consume the daily intake of plant stanols or-plant stanol esters in two (Ref. 67) or three (Refs.
58, 74, 80, and 88 through 92) servings at different tumes of the day. or subjects were provided
with the plant stanol-containing food and asked to repiace from 25 to 50 g of their typical dietary
fat intake w1th an equal amount of the test food over the course of the day’s dietary intake, usually
;dur-ing ;rhé"zils (‘Ré‘fs; 63 and 64 (1 study), 77, 78, 81 and 82 (1 study), and 94). The agency concludes
that, to be consistent with the conditions of the studies on which the claim is based, the daily
intake of plant stanol esters should be consumed in at least two servings eaten at djfferent times
during the day with other foods. For the reasons given in section V.D.1.b of this document, FDA

is specifying two servings as the target number of servings.

C. Nature of the S'ubsmnce

Section 101.83(c)(2)(ii)(A)(1) specifies the plant sterol esters that have been demonstrated
to have a relationship to the risk of CHD. Plant sterols can be classified on structural and
biosynthetical grounds into 4?desmethyl sterols, 4-monomethyl sterols, and 4,4-dimethyl sterols.
Plant sterols of the 4-desmethyl sterol class are the plant sterols that have demonstrated the blood
cholesterol-lowering effect (Refs. 51, 57, 58, 63 and 64 (1 study), 65, 67, and 75). The major
4-desmethyl sterols are beta-sitosterol, campesterol and stigmasterol (Ref. 106).

Most of the studies that the agency reviewed used vegetable oil sterols, particularly those
derived from soybean oil, as the source of beta—sitosterol,. campesterol, and stigmasterol. These
three 4;desmethyl sterols are also the predominant sterols in corn and canola oil. According to

the plant sterol ester petitioner, the typical sterol composition of plant sterol esters is as follows:

o

from 10 to 40 percent of the sterols, and stigmasterol contributes from 6 to 30 percent of the

sterols, with other sterols making up no more than 9 percent of the total (Ref. 1, appendix E).
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The composition of the vegetable oils used as sterol sources in most of the studies that demonstrated
a cholesterc: towering effect was similar (Refs. 51,57 38, 63.67.and 77 .

Ricebran oil and sheanut oil principally contain the methylated sterols of the 4.4-dimethyl
 sterol class. Studies investigating the effects of sterols from ricebran oil and sheanut oil on blood
cholesterol levels have not found a cholesterol-lowering effect (Refs. 67 and 75). The structure
of the 4- desmethyl sterols is more 51m11ar to cholesterol than the structure of 4,4-dimethyl sterols.
Because of thlS structural similarity, it has been suggested that the 4- desmethyl sterols may offer
more opportunity for competition with cholesterol for incorporation into mixed micelles, one of
the putative mechanisms for the blood cholesterol-lowering action of sterols (Ref. 75).

In studies that found a significant effect on blood cholesterol levels and reported the sterol
composition of the plant sterol esters tested, the tetal amount of the major 4-desmethyl sterols
(beta-sitosterol, campesterol and stigmasterol) provided to the subjects during the experimental
period ranged from 76 to 98 percent (Refs. 51, 57, 58, 65, 67, and 75), with only 1 study at

_ 76 percent (Ref. 65). The rest of the studies clustered toward the high end of the range, between
89 to 98 percenlf (Refs. 51, 57, 58, 67, and 75). The agency believes there are a number of likely
sources of variability in the sterol composition of the plant sterol ester mixtures, including
variability in analytical determinations, processing, seasonal changes, and variety of the crop used.
FDA does not have data on the extent of variability in sterol composition bﬁt has concluded that
it is necessary to provide for some such variability. Given the distribution of the sterol composition
percentages in the studies that showed significant effects on blood cholesterol levels and the
possible variability ¢. plant sterols in the finished product, FDA has decided to require that the
combined percentage of beta-sitosterol, campesterol, and stigmasterol in the plant sterol component
of plant sterol e'ste'rs be 80 percent or higher as a cendition of eligibility to bear the health claim.

~ The agené’y requests comments on the var1ab111ty of the level of beta-sitosterol, campesterol and

stigmasterol in pIant sterols, partlcularly with respect to the variability of these levels in the plant
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sterol component of plant sterol ester products used in studies that'mr"eported significant cholesterol-
lowering effects.
The agency is specifying that only edible oils may be used as the source oils for plant sterols.
The agency is also specifying that food-grade fatty acids must be used to esterify the plant sterols.

Although the agency is not specifying further the type of fatty acid, such as chain length and

degree of unsaturatio "FDA expects that the fatty acrds wrll prlmanly be monounsaturated or

ds to avord 1ncreases m saturated fatty acrd content of the flnal food

products.
Section 101.83(c5(2)(ii)(A)(]) provides that the plant sterol substance that is the subject of
the health claim for reduced risk of CHD is plant sterol esters prepared by esterifying a mixture
of plant sterols from edible oils with food-grade fatty acids. Consistent with information in the
petition and the sterol composition of test substances used in the studies that showed a cholesterol-
lowenng effect, § IOI 83(c)(2)(n)(A)(1 ) further provrdes that the plant sterol mixture shall contain
at least 80 percent beta—suosterol campesterol and stigmasterol (combined weight). The agency
is requesting comments on these requirements. |
Section 101.83(c)(2)(ii)(A)(2) sets out FDA'’s decision that plant sterol esters, when evaluated
for compliance purposes by the agency, will be measured by a method that is based upon a standard
triglyceride or cholesterol determination that uses sample saponification followed by hexane
extraction and includes an internal standard. The extract is analyzed by gas chromatography. The
method, found in appendix F of the plant sterol esters petition (Ref. 1) and titled, ‘*Determination
of the Sterol Content in Margarines, Halvarines, Dressings, Fat Blends and Sterol Fatty Acid Ester

'Concentrates By Caplllary Gas Chromatography,”” developed by Unilever United States, Inc., dated

Februaryl,2000 ; a_’gas chromatographlc procedure for ;atlon of the total sterol

content m margarmes halvarmes (low fat spreads) dressmgs fats or fat blends and in sterol ester
concentrates_. Th_e metftod_ is designed for total sterol levels of approxunately 10 percent in

margarines, fat and fat blends, 8 percent in halvarines, from 3 to 10 percent in dressings, and
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approximately 60 percent in sterol ester concentrates. An intern., ...ndard 1s added for

quantification. The samiple is saponified and the unsaponifiable portion is extracted with heptane.
The extract is then analvzed by gas chromatography using a nonpolar stationary phase capillary
column with beta-cholestanol as an internal standard. The petitioner has submitted data that
demonstrate the precision and inter-analyst reproducibility of the method (Ref. 1, appendix F).

Speciﬁc sterols have been identified based on gas chromatography/mass spectrometry (GC/MS)

analy51s anddcomparlson of data in the mass spectral hbrary of the Natlonal Institute of Standards
and Technology (NIST) (Ref. 4). The method has nelther been subjected to validation through
the Association of Official Analytical Chemist’s (AOAC’s) collaborative study or peer-verified
method validation procedures, nor is it published in the open literature. FDA is requesting
comments on the suitability of the plant sterol ester petitioner’s method for assuring that foods
bearing the health claim contain the qualifying levels of plant sterol esters. In this document, FDA
is incorporating the plant sterol ester petitioner’s method by reference in accordance with 5 U.S.C.
552(a) and 1 CFR part 51. Copies of the method may be obtained from the Center for Food
Safety and Applied Nutrition’s Office of Nutritional Products, Labeling, and Dietary Supplements,
Division of Nutrition Science and Policy, 200 C St. SW., rm. 2831, Washington, DC 20204, and
may be eﬁcamined at the Center for Food Safety and Applied Nutrition’s Library, 200 C St. SW.,
rm. 3321, Washington, DC, or at the Office of the Federal Register, 800 North Capital St. NW.,
suite 700, Washington, DC.

Section 101.83(r)(2)(ii)(B)({) specifies the plant stanol esters that have been demonstrated
to have a relationship to the risk of CHD. Sitostanol and campestanol, the saturated (at the 5
position) derivatives of beta-sitosterol, campesterol, and stigmasterol, are the plant stanols that have
demonstrated the blood cholesterol-lowering effect (Refs. 58, 63 and 64 (1 study), 67, 77, 78, |
81 and 82 ¢! study) 88 through 92 and 94). L1ke the sterols from Wthh they derive, sitostanol
and campestanol are in the 4-desmethyl sterol class and as such are similar in structure to

cholesterol. Sltostanol is formed by the hydrogenation of beta—suosterol, and also by the complete
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hydrogenation of stigmasterol (stigmasterol has two uouble bonds that are saturated during the
hydrogenation process. whereas sitostanol has one double bond wiw (s saturated during the

hydrogenation process). Campestanol is formed by the hydrogenation ot campesterol.

Most of the studies that the agency reviewed used vegetable oil stanols or wood-derived plant

s‘tanols‘ as the source of sitostanol and campestanol. According to the plant stanol ester petitioner,
: the ‘stanols m ptant stanol esters are derxved from hydrogenated plant sterol mixtures or extracted
from plant sources (Ref 8 page 18) In studtes that found a sxgntﬁcant effect on blood cholesterol
| o Ievels and reported the stanol composmon of the plant stanol esters tested, the combined percentage
| of sitostanol and campestanol ranged from 64 to 100 percent by weight (Refs. 58, 63 and 64

(1 study), 67, 77, 78, 88, 90, and 92), with only one study at 64 percent (Refs. 63 and 64 (1

study). The rest of the studies clustered toward the high end of the range, between 89 and 100

~ percent (Refs. 58, 67, 77, 78, 88, 90, and 92).

The agency believes there are a number of likely sources of variahility in the stanol
'composition of the plant stanol ester mixtures, including variability in analytical determinations,
processing, seasonal changes, and variety of the crop used. FDA does not have data on the extent
of variability in stanol composition but has concluded that it is necessary to provide for some
such variability. Given the distribution of the stanol composition percentages in the studies that
showed significant effects on blood cholesterol let/els and the possible variability of plant stanols
in the finished product, FDA has decided to require that the combined percentage of sitostanol
and campestanol in the plant stanol component of plant stanol esters be 80 percent or higher as
a condition of eligibility to bear the health claim. The agency requests comments on the variability
of the level of sitostanol and campestanol in plant stanols, particularly with respect to the variability

of these levels in the plant stanol component of plant stanol ester products used in studles that
reported °1gn1ﬁcant cholesterol lowermg effects

The agency is specifying the source material for plant stanols, which may be either plant-

derived oils or wood. The plant stanol ester petitioner’s GRAS determination, and consequently
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the agency s safe and lawful conclusion in section I1.13.3.b.1 of this docwent. apply only to plant
stanols deri.d from edible oils or from byproducts o: the kraft paper pu., .1g process (Ref. 46).
Therefore, FDA is providing that plant-derived oils used as the source for plant stanols must be
edible oils. If wood is used as the source material, the plant stanols must be derived from
byproducts of the kraft paper pulping process. The agency is also specifying that food-grade fatty
acids must be used to esterify the plant stanols Although the agency is not specifying further
the type of fatty acid, such as chain length and degree of unsaturation, FDA expects that the fatty
acids w1ll pnmarlly be monounsaturated or polyunsaturated fatty acids to avoid increases in
saturated fatty acid content of the final food products.

Section 101.83(c)(2)(i1)(B)(/) provides that the plant stanol substance that is the subject of
the health claim for reduced risk of CHD is plant stanol esters prepared by esterifying a mixture
of plant stanols derived from edible oils or byproducts of the kraft paper pulping process with

'food—grade fatty acids. Consistent with the stanol cemposition of test substances used in the studies
that showed a cholesterol Iowermg effect, § 101.83(c)(2)(i1)(B)(7) further provides that the plant
stanol rmxture shall contain at least 80 percent sitostanol and campestanol (combined weight). The
agency is requesting comments on these requirements.

Sectien 101.83(c)(2)(ii)}(B)(2) sets out FDA’s decision that plant stanol esters, when evaluated
for complience purposes by the agency, will be measured using a standard cholesterol determi_nation
that uses sample saponification, followed by heptane extraetion, derivatization to trimethylsilyl
ethers and analyzed by gas chromatograpﬁy.

The plant stanc’ ester petition (Refs. 8, 11, and 14) provided the following four analytical
methods developed by McNeil Consumer Healthcare dated February 15, 2000, for use in different
food matrices. The method titled ‘“Determination of Stanols and Sterols in Benecol®? Tub Spread”’
describesj:a preéedure for deterrAnina,tion‘of stanols and sterols in tub spreads containing 6 to 13

,percent stanol esters. The primary analytes are sitostanol, campestanol, sitosterol and campesterol.

3 “‘Benecol®"’ is the plant stanol ester petitioner’s brand of plant stanol ester-containing food products.
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Samples are s..onified directly with alcoholic pote.ssium hydroxiis: Siaols and sterols romain
in the unsaponified fraction and are extracted with hexane. Tre extracted stanols and sterols are
then derivatized to trimethylsilyl ethers and analyz2d by gas chromatography. The internal standard
utilized is cholestanol.
The method titled ‘‘Determination of Stanols and Sterols in Benecol Snack Bars’’ is suitable

for the determination of stanols and sterols in snack bars contammg 2 5 o 7 5 ‘percent stanol esters.

The method tlﬂe"‘:‘ “Determmatxon of Stanols and Sterols in Benecol@ Dressing’” is suitable for

determmatlon of stanols and sterols in dressmg for salad contammg 3 to 8 percent stanol esters.

Both the dressmg for salad and snack bar procedures are similar to that described above for

Benecol® tub spread.

The method titled ‘‘Determination of Stanols and Sterols in Benecol® Softgels’” describes
a procedure for determination of stanols and sterols in softgels (gelatin capsules with liquid center)
containing from 464 to 696 nanograms of stanol esters. The primary analytes are sitostanol,
campestanol, sitosterol and campesterol. Stanol ester centers are washed from the gelatin shell
and direcdy'sapcv)niﬁed with alcoholic potassium hydroxidé. Stanols and sterols remain in the
unsaponified fraction and are extracted with hexanc. The extracted stanols and sterols are then
derivatized to trimethylsilyl ethers and analyzed by gas chromatography. The internal standard
utilized is cholestanol. |

Thé methods described above separate the major plant stanols in food products from their
sterol derivatives. The petitioner has submitted data that show that these analytical methods are
linear over a specified range, accurate, precise and reproducible (Refs. 8, 11, and 13). Gas
chromatography/mass spectrometry studies were used to conﬁrm the identity of the major stanols
(Ref. 14). The data obtamed from GC/MS studxes w1th the plant stanol ester raw materlal and
with chem.xcal standards were compared w1th pubhshed spectra and conflrmed the purity and
identity of the major stanols, sitostanol and campestanol The method has neither been subjected

to validation through the AOAC’s collaborative study or peer-verified method validation
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procedures, nor 1s it published in the open literature. FDA is requlcsting commients on the suitabiliiy
of the plant stanol ester pctz’tioner's methods for assurirg that foods bearing the health claim contain
the qualifying levels of plant stanol esters. In this document. FDA is incoiporating the plant stanol
ester petitioner’s methods by reference in accordance with 5 U.S.C. 552(a) and | CFR part 51.
Copies of the methods may be obtained from the Center for Food Safety and Applied Nutrition’s
Office of Nutritional Products, Labeling, and Dietary Supplements, Division of Nutrition Science
kand'.‘}%dlvic)’/;‘ 200 C St. SW., rm. 2831, Washin_gtb_n, DC 20204, or ﬁay be examined at the Center
for Food Safety and Applied Nutrition’s Library, 200 C St. SW., rm. 3321, Washington, DC, and
at the Office of the Federal Register, 800 North Capital St. NW., suite 700, Washington, DC.

D. Nature of the Food Eligible to Bear the Claim

1. Eligible Types of Foods and Qualifying Level of Plant Sterol/Stanol Esters Per Serving

a. Plant sterol esters. Section 101.83(c)(2)(iii)(A) ) provides that the types of foods eligible
to beaf the plémt sterol esters and risk of CHD health claim are spreads and dressings for salad.
Section 101.83(&)(2)(iii)(A)(1) requires that any food bearing the health claim contain atlleast 0.65
g of plant sterol esters per reference amounnt customarily consumed (RACC) (i.e., per standardized
serving). See § 101.12 for an explanation of how RACC’s are determined and a list of RACC’s
for commonly consumed foods. As discussed in section V.B of this document, the daily dietary
intake level of plant sterol esters that has been associated with reduced risk of CHD is
approximately 1.3 g or more per day.

The petitioner suggested that the qualifying level for foods to bear a health claim be 1.6

g per RACC, the same as the target daily intake level associated with reduced risk of CHD. The
petitioner stated that the RACC’s for spreads and 'dressirigs for salad, 1 émd 2 tablespoons (tbsp),
respectivé’iy, are similar to the mean daily intakes of spreads and dressings for salad identifiéd
in the U.S; Department of Agriculture (USDA) 1994/96 Continﬁing Surveys of Food Intakes by

Individuals (Ref. 1, appendix G), which were 11.4 and 40 g/d, respectively. The petitioner reasoned
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that the qualifying level per RACC should be the same as the target daily intaxe level to assure
that people who consume only one serving a dzly of spread or dressaigs will still be able to obtain
the health benefits of the target daily intake [evel.
Although FDA recognizes that, based on the plant sterol ester petitioner’s data, U.S. mean
consumption for users of such products is only one serving of spread or dressing for salad a day,

the agency 1s persuaded by the evidence from the studies supportmg the claim that the daily amount

urned in at least two servmgs eaten at drfferent times (see discussion of

should b0 ,

§ 101;83(c)(2)(i)(H) in section V.B of this document).

The agency has generally made the assumption that a daily food consumption pattern includes
three meals and a snack (see 58 FR 2302 at 2379, January 6, 1993). Because of the wide variety
of types of foods that could contain qualifying levels of soy protein in the soy protein/CHD health
clatm (§ 101.82) or soluble fiber in the soluble fiber/CHD health claim (§ 101.81), the agency
concluded that the assumption of four servings/day of such foods was reasonable. Therefore, the
daily qualifying tevel for soluble fiber substances and soy protein foods was based on consumption
of four servings/day of such products. In contrast, however, there is not a wide variety of foods
that contain plant sterol esters in significant quantities, and therefore the agency believes that it
would be difficult for many consumers to eat four servings a day of such foods. The agency also
has concluded that a recommendation for four servings of plant sterol ester-containing foods per

day would not be an appropriate dietary recommendation because such foods are necessarily fat-

~ based.

FDA believes that a recommendation for plant sterol-containing products to be consumed over
two servings per day is reasonable in light of the composition of these products (i.e., their fat
content) and the hrmted number of avaxlable products Therefore the agency is requlrmg that a

L .

food beanng a health claim for plant sterol esters and risk of CHD contain at least 0.65 g of

plant sterol esters per reference amount customarily consumed (1.3 g divided by two servings per

day). The'égency is requesting comments on this decision.
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The plant sterol ester petitioner requested that the claim be permitied for spreads and dressings
for salad. The peutioner did not request authorization t. use the health ciwu. in the labeling of
any other type of conventional food nor in the labeling of dietary supplements. The agency
conqluded in section 11.B.3.a that the petitioner satisfica the requirement of § 101.14(b)(3)(ii) to
demonstrate that the use of plant sterol esters in spreads and dressings for‘saiad at the levels
necg_ssaty to justify a claim is safe and lawful. Furthermore, the petitioner submitted analytical
rfnetﬁlf’x‘od_é for measurement of plant sterol esters in spreads and dressings for salad. Therefore, the
ageﬁcy is providing that the foods eligible to bear the health claim are spreads and dressings for
salad. If comments on this interim final rule submit supporting data establishing that the use of
plant sterol esters in other food products is safe and lawful and provide a validated analytical
m.ethod that permits accurate determination of the amount of plant sterol esters in these foods,
FDA will consider broadening the categories of foods eligible to bear the claim in the final rule.

; b. {’lant stanol esters. Section 101.83(c)(2)(iii)(A)(2) provides that the types of foods eligible
fo bear the plant stanol esters and risk of CHD health claim are spreads, dressing for salad, snack
bars, and dietary supplements in softgel form. Section 101.83(c)(2)(iii)(A)(2) requires that any food

bearing the health claim contain at least 1.7 g of plant stanol esters per reference amount

customarily consumed. As discussed in section V.B of this document, the daily dietary intake level
of plant stanol esters that has been associated with reduced risk of CHD is 3.4 g or more per
day.

The plant stanol ester petitioner suggested that the qualifying level for foodé to bear a health
claim be 0.85 g per RACC. The petitioner explained that this level was derived by dividing the
target daily intake level of 3.4 g plant stanol estérs by four daily servings.

As discussed in section V.B of this document, analysis of the studies supporting the claim
has pers‘ua‘_’ded FDA that the daily intake of plant stanol esters should be consumed in at 1east
two sé,rv"ings eaten at different times. Moreover, as with plant sterol esters (see section V.D.1.a

of this document), FDA believes that two servings of plant stanol esters per day is a more
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appropriate baseline than four. There is not a wide variety of toods that contain plant stanol esters

in significant quaatities. and therefore it would be difficult for many consumcrs to eat four servings

a day of such foods. The agency also has concluded that a recommendation for four servings

of plant sterol ester-containing foods per day would not be an appropriate dietary recommendation

because such foods, like foods contammg plant sterol esters are necessarily fat-based.

As with plant Sterol esters the agency beheves that a recommendatlon for the darly intake

1S to bezconsumed over two servrngs per day is reasonable in light of the'
composxtlon of products contammg plant stanol esters (i.e., thelr fat content) and the lrmlted number
of available prOdUCts; Therefore, the agency is‘"requ‘iring that a food bearing a health claim for
plant stanol esters and risk of CHD contain at least 1.7 g of plant stanol esters per reference
amount customarily consumed (3.4 g divided by two servings per day). The agency is requesting
comments on this decision.

The plant stanol ester petitioner requested that the claim be authorized for use on conventional
foods and dietary ASupplements’. The agency concluded in section I1.B.3.b of this document that
the petitionér satisfied the requirement of § 101.14(b)()(ii) to demonstrate that the use of plant
stanol esters in conventional foods or dietary supplements at the levels necessary to justify the
claim is safe and lawful. The petitioner also submitted analytical methods for measurement of
plant stanol esters in spreads, dressings for salad, snack bars, and dietary supplements in softgel
(gelatin capsules with liquid center) form; however, the petitioner did not submit an analytical
method suitable for measurement of plant stanol esters in other foods. Without such a method,
FDA would have no way to verify that foods bearing the health claim contain the qualifying level

of plant stanol esters per RACC, and false claxms could be made that would mislead consumers.

'Therefore : th a ' ncy concludes that only foods for Wthh a sultable method 1s avaxlable should N

to bear the health cla1m Accordmgly, FDA;1s prov1d1ng that the foods ehgtble to '

bear the health' clalm are spreads dressmgs for salad snack‘ bars and dletary supplements in softgel

form. If . comments on this interim final rule provide a Val1dated analytical method that permits
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accurate determination of the amount of plant stanol escers in othes wods, FDA will consider

broadening the categories of loods eligible to bear the viaim in the final rule.

2. Fat Content Requirements

a. Low fat. In § 101.83(c)(2)(ii1)(B). the agencv is requiring, consistent with other authorized
heart d1sease health claims, that foods bearmg the health clatm meet the requirements for “‘low
saturated fat” and “low cholesterol” (see § 101 .62(c)(2) and (d)(7) (21 CFR 101. 62(c)2) and
(d)(2)) As dlscussed elsewhere in this document and in the preamble to the final rule on ftber-
containing fruits, vegetables, and grain products and CHD (58 FR 2552 at 2573), the scientific
evidence linking diets low in saturated fat and cholesterol to reduced risk of CHD is strong.
Therefore, FDA has consistently required foods that make claims about reducing the risk of CHD
to be low in saturated fat and cholesterol.

With few exceptions, as noted below, FDA has also required that foods bearing the previously
authorized CHD health claims meet the requirements for ‘‘low fat’’ (see § 101.62(b)(2)). In the
dietary lipid and CVD proposed rule, FDA proposed that in order for a food to bear the health
clalm, the food must‘meetthe requirements for a ““low claim relative to total fat content (56
FR 60727 at 60739). The agency noted that, while total fat is not directly related to increased
risk for CHD, it may have significant indirect effects. The agency mentioned that low fat diets
facilitate reductions in the intake of saturated fat and cholesterol to recommended letxels.
Furthermore, the agency noted that obesity is a major risk factor for CHD, and dietary fats, which
have more than twicc as many calories per gram as proteins and carbohydrates, are major
contributors to total calorie intakes. For many adults, maintenance of desirable body weight is
more readily achieved with moderation of intake of total fat. The agency also concluded that this
approach would be most consistent with the U S. Dietary Guldelmes 4th edition (Ref. 107) and
other dletal'y guidance that recommended dlets low in saturated fat total fat, and cholesterol. In -

the dletary saturated fat and cholesterol and CHD final rule (58 FR 2739 at 2742), FDA required

most foods bearing the claim to meet the requirements for ‘‘low fat,”” but allowed for the exception
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that fish ana game meats could instead meet the less uemanding requirements for “extra lean.”

because these foods are appropriately included in a die. Tow in fu saturated fat. and cholesterol.

The agency also waived the requirement for ““low fat™™ on products consisting ot or derived from

whole soybeans in the soy protein final rule (64 FR 57700 at 57718). as long as those products
contained no additional fat not derived from the soybeans. FDA noted that products derived from
whole soybea“s are useful sources of soy protem that, like fish and game meats that are ‘‘extra

Iean can be approprlately mcorporated in a diet that i is low in fat, saturated fat and cholesterol.

The recently distributed Dietary Guidelines for Americans, 2000 (Ref. 103) modify the

previous guideline for total fat intake. The new guideline states, ‘‘Choose a diet that is low in

saturated fat and cholesterol and moderate in total fat.”” This new guideline also states. ‘‘Some
kinds of fat, especially saturated fats, increase the risk for coronary heart disease by raising the
blood cholesterol. In contrast, unsaturated fats (found mainly in vegetable oils) do not inerease
blood cholesterol.” This modification in the dietary guidelines, from the recommendation to choose
a diet low in total fat in the 4th edition of the U.S. Dietary Guidelines (Ref. 107) to the
recommendetion to choose a diet moderate in total fat in the Dietary Guidelines for Americans,
2000 (Ref. 103) is based on current scientific evidence of the role of diet in CHD, which does
hot support assigning first priority to a diet low in total fat (Ref. 108). The agency’s reliance
-on dietary guidelines in this rulemaking and in previous health claim regulations is based on
provisions of the 1990 amendments lhat direct FDA to issue health claim regulations that take
into account the role of the nutrients in food in a way that will enhance the chances of consumers
maintaining healthy dietary oractices (see section 403(r)(3) A, and (r)(3)(B). of the act (21 U.S.C.
343(r)(3)(A) and (r)(3X(B)), along with legislative history that mentions the role of health claims

in encouraging Americans to eat balanced, healthful dieté"that meet federal government

recommendations (Ref. 105).

The ageney finds that not imposing a “‘low fat’’ requirement is consistent with the emphasis

in the new Dietary Guidelines for Americans, 2000 (Ref. 103) on diets moderate in total fat.
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e he pubhc fewiin value of the clalm would be undormined. The agenc Lherefore concludes that

second factor also supports grantmcr an exceptlon

The thll‘d factor in the 1995 proposed rule was whether there is “‘evidence that the populatibn

1s targeted is not at risk for the disease or health related condmon

contrlbute 51gn1ﬁcantly to

" “‘c‘ti"”h III.C_' of thi’sk documerit
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; _(Refs 103 an. 08) Furthermore, the 2000 Dretar ¥ Gurdeh“es Adv1sory CL mnttee coneluded

t he se“.,nflc evrdence on dretary fat and health sr.pports assrgnmo frrst prrorrty to reducmg

’l‘v,’“"saturated fat and choIestcrol mtake not total fat mtake (Ref 108) In facr the new omdelme for '

,;,fat intake in the Dretary Guldehnes for Amerlcans 2000 (Ref 103) 'states, "Cthse a diet that

In accordance w1th § IOl 14(e)(3) FDA is also prov1dmg that spreads and dressmgs for salad

‘that take advantage of the exceptron to the dlsquahfymg level must bear a dlsclosure statement
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PDA consrdered the plant stanol ester petitioner’s request that the exceptron to the
‘dlsquahfytng N ,el for total fat per 50 g apply to a. l foods Wlth small scrvmo sizes. The avency

has decrded not 3 grant this request There is a wrde varrety of foods that are consumed in small -

id not apply to all foods with small ser ing srzes however because not

all such foods are used in place of other foods. This rationale provided by the petitioner apphes
to spreads and dressmgs for salad, but not neceSSarrly to other foods Wlth small servmg sizes.
FDA also does not agree ‘that the health beneﬁts of plant stanol esters outwelgh the negatrve

consequences of consummg hrgh fat foods to such an extent that an unlrmrted exceptron to the

drsquahfymg levelgfor total fat shouId be permrtted for alI foods with small servmg sizes. The

agency further concludes that such a broad exceptlon is not necessary because the avarlablhty

of spreads and dressmgs‘ for salad that qualrfy for the health claim will besufﬁcrent SO that
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Despxte FDA S ruactance o grant broad excepm ns to the dxsquahfymo levels the aoency

) ""lhag to consxder addmonal exceptlons on a hmntei case b\ case basm Manufacturers of

products other than spreads and dressmos for salad that exceed the dlsquahfymo Ievel of total

4:fat may submxt comments w1th suppm tu ig mrormauo 1or petmon the agency for an exceptxon

cor» ance w1th § 101 l4(e)(3) if they wi sh to make the health la' ITRVTR

from disqualification

nutnent addmon except as othervise provxded in lndmdual regulanons

mg partlcular health claims. Dletary supplemeats are not subject to thlS reqmrement As ;

| explalned in the 1993 healthc[alms‘ﬁnal rule (58 FR 2478), FDA concluded that“such a requxrement

s necessary to ensure that the value of health claims will not be tr1y1ahzed or compromised by

‘The agency believes that the value of health claims will not be trivialized or compromised by

. their use on dressings for salad because dressings for salad often are onsumed with foods rict

)
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in nutrients and fiber. Salads, for example. are usualiy cich in vegetables that provide important

nutrients at significant levels, e.g., tomatoes—vitamins A and C: carrots—vitamin A spinach—

Vitami’n A and calcium.
“In recogmtton of the usefulness of plant sterol/stanol esters ln reducmcr blood cholesterol and

*

the health clatm are excepted from the mxmmum nutnent requtrement of § IOI I4(e)(6) but that

'other foods must comply with thxs requlrement to be ehglble to bear a health cla1m about plant
sterol/stanol esters and the nsk of CHD The agency 1s'requestmg comment on this decxsxon
Manufacturers of foods that do not meet the rmmmum nutnent conmbutlon requtrement may

submit ¢ comments thh supportmg mformatlon or petmon the agency to request an exception from
the subject of this interim final rule,
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In § 101 83(d)(4) the agency is provxdmg that the claxm may mclude mformatlon on the
relatlonshlp between saturated fat and cholesterol in the dxet and the nsk of CHD. Th1s information

helps to convey the importance of keeping saturateq fat and cholesterol intake low to reduce the
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;Q,’fclalm/shu“ -.ate that mdmduals Wlth hlgh blood cho! S[LI‘OI qhould consult their physicians for

k medlcal adv1u .nd treatmem

H‘In § 101 83'&)(7) the avency is prov1dm0 that the clalm may mclude mtormatlon on the |

ber of people m the Umted States who have heaxt dnsease The sources of this mformatxon

FDA emphaswes that these modeI health claums are 111ustrat1ve only These model clalms xllustrate

: the requlred and some of the optlonal elements of the mtenm fmal rule Because the agency




86

.3 gram:, of vegetable oil s... ol esters in two meals

of f foods thae provxde a daily total of at least 1.3
'“nay reauce thc risk of nedtt disease. A serving of [nam.c of the food] supplies grams of \eoetable

L]

“oil sterol esters. .

’

In § IOI 83(6)\2)(%) and (e)(2)(¢) the modet cLums 111ustrate all of the requrred elements

an,d;,may wrther reduce the l‘lSk of heart drsease 7 “5 g pIant stanol esters may be more beneﬁc1a1
in reducing the risk of heart disease,’’ and “5 g p!ant s*anol esters per day has been shown to

' further lower LDLV y(bad) cholesterol and may further reduce the'tnsk of heart dlsease > The agency

reviewed the scientiﬁc evidence to determine whether the data supported these statements starting

w1th four studxes (Refs 88 through 90 and 94) that reported the blood cholesterol lowenng effects

' from two or more cr‘*‘sumptlon Ievels of plant stanol esters.

Halhkamen et al (Ref 88) conducted a smgle bhnd crossover study in Wthh 22

3 percent (p<
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0.001) by doscs from 1.4 to 5.4 g plant stanol este:s. The respective decreases for LDL cholesterol

Were l.7 percent (p=0.892). 5.6 percent (< 0.05), 9.7 percent (p<0.001) and 10.4 percent (p<0.001).

Although serum total and LDL cholesterol decreascs were numerically greater with the 4.1 and

5 4 g doses than with the 2.7 g dose these dlfferences were not statistically significant (p—O 054-

0516).

< 0 001) and LDL cholesterol (p <0. 02) levels were srgmﬁcantly reduced in the 5.1 and

3 4 g/d plant stanol ester groups compared w1th the placebo group The U.S. spread contammg

105 (p <‘O OOI) The reductlon in the LD cho estero, evel was found tovbe

srgmﬁcantly greater m the 5.1 g/d plant stanol ester group compared to the 3. 4 g/d plant stanol

ester group (p <0. OOl) The authors did not report a statrstrcal analysrs comparmg serum total
cholest_erol concentrations between the two consumption levels of plant stanol esters.

Miettinen et al. (Ref. 89) instructed 153 rnildly hypercholesterolemic subjects to consume 24
g/d of canola oil margarine or the same margarine with added plant 'stanol esters for a targeted

consumptlon of 5.1 g/d plant stanol esters (3 g/d free plant stanols) wrthout other dretary changes

At the end of 6 months those consummg lant stanol esters were rand 'mly a 51g d e her

,,,,,,
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 total and LDL wuolesterol were reported after consaming 4.« or 3.1 g/u of plunt stanol esters
’compared « ue control group (p< O 01). Moreover, a statlstlcally significant difference was

.‘ observed between the 6th and IZth months in the serum total cholesterol (p= 0.047) and LDL
cholesterol (p= 0 017) curves between the 4 4 and 3.1 0/d plant:stanol ester groups representmg

a greater serum fotal cholesterol ind LDL cholesterol reductron}’m the 4.4 U/d plan't stanol ester

cholesterol were —4 1 percent (p < O 05) and 10 3 percent (not statrsttcaHy srgmflcant) respectrvely,

as compared to the control Greater reducttons in both serum total and LDL cholesterol were

observed after consumptlon of 3 4 g/d of plant stanol esters for an additional 6 weeks (p < 0.05).

respectrvely, for'subjects consummg 3 4 g/d of plant stanol esters as compared to control These

investigators commented:
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the cholesterol-lowering effect, even though cholesterol ab.sorption efficiency decrewses by almost two-

thirds in men v non-insulin-dependent diabetes melitus at least * * *

In only one (Ref. 90) of the four studies (Refs. 88 through 90. and 94) described above did

the mvestlgators report a statlstwally slgmﬁcant greater reauctton in blood total and LDL

appear to increase the cholesterol lowermg effect for practtcal purposes ‘In addmon to these

multlple-dose studres FDA revrewed sxx smgle dose studles (Refs 67 77 78 81 and 82 (I study)

lowering effects at mtakes ’of plant stanol esters

y significant blood cholesterol

“at or c ose tothe 43.4Vg/d evel ‘Consi ering al the studles descnbed above that reported the
cholesterol -lowering effectiveness of total daily intake levels greater than 3.4 g/d of plant stanol
esters (Refs 67, 77, 78, 81 and 82 (1 study) 88 through 92, and 94), the blood cholesterol- lowerlng
effect for total cholesterol ranged from 7.1 percent from 5.8 g/d of plant stanol esters (Refs. 81

and 82 (1 study)) to 11.3 percent from 5.4 g/d of plant stanol esters (Ref. 88), and for LDL
cholesterol the range was from 7.5 percent from 5.8 g/d of plant stan'ol esters (Refsp. 81 and 82

(1 study)) to 15 percent from 4.4 g/d of plant stenOI ester_sl(Ref.: 89). These cholesterol-lowering
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to 15 percent for 3.4 g/d of plant stanol esters (Refs. 8¢ and 94). Thus. comparison of the blood
k:cholestcrol lowetrno ranges between the higher and the Tower daily intake levels of plant stanol
esters suggests that there i$ no mcreased benetlt from darly tntake levels greater than 3.4 cr/d |

Furthermore the results of a resetuch syntnesrs na ysrs (Ref 100) suggest that mtakes yoreater

4 g/d of plant stanol esters (2 g/d of plant stanol) would not result in further I'Culh,uurr

ntinuou dose response exists up to the 3.4 g/

of plant stanol esters, no further reduction in LDL,

apparent. Another recent analysis of the dose responsrveness to plant stanol es ers

‘ usmg a compllatron of data from pubhshed studres 1nd1cates a curvrlmear dose response for both

blood total,and LDL cholesterol w1th a clear levelmg off at an 1ntake of about 3.74 g/d plant

stanol esters (2 2 g/d free plant stanols) (Ref lIO)

The agency‘ therefore concludes that the w' i ght of _the ev1dence does not support the

compar tive claims requested by the plant stan 1 esters petrtroner and that such clarms would be ,

ng the petitioner’s requested comparative

ts not authonzmg the plant sterol/stanol esters

and nsk of CHD health clarm to tnclude any statements clarmmg that 5 g per day of plant stanol

esters is more effectrve than34 g per day of plant stanol esters in reducing blood total or LDL

’cholesterol or in reducmg the risk of heart drsease
VL. Issuance of an Intenm Final Rule, Immedlate Effectrve Date, and Opportumty for Pubhc

Comment

FDA is 1ssu1ng thrs rule as an mtenm ﬁnal rule effecttve 1mmed1ately, w1th an opportumty

>t promptly on petitions that provide -




91

v;‘,_glfm'qumatkmn that is neceSsary tov: (D) Enable consumer 10 de\elop and maintain healthy dietary
”pifgctices, (2) enable consumers to be informed proinpf‘,v md effectively of xmportant new
knowledge ré ardmo num[mnal and health beneﬂts 01 rood or (3) ensure that §c1ent1f1<,aliy sound

nutrmonal and hea lh mformatnon is provxded to cornsumers as soon as possxble Proposed
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almost a year earlier, providing a significant period of time duri.. hich consumers could
keffectivel; 2> the information to make healt hier dieta:y choices.

The agency has considered the requests to make any proposed rule for plant sterol/stanol

esters and CHD effectlve upon publrcatxon and concurq that the standard in section 403(r)(7)(A)

' 1mpact on’ populatlon risk of CHD if consumptron of plant stanol esters becomes w1despread The
agency has determined that issuance of an 'mterim final rule is necessary to enable consumers

to be 1nformed promptly and effectrvely of thlS 1mportant new knowledge regardmg the nutrmonal

and health beneﬁts of plant sterol/stanol esters The agency has also determined that issuance of o

an interim final rule is necessary to ensure ':that scientifically sound nutrltlonal and health

mformanon is provrded to consumers as soon as possible.

FDA mvxtes publlc comment on this mtenm unal rule. The agency will conSIder modrficanons
to this 1nter1m ﬁnal rule based on comments made dunng the comment penod Interested persons
may /s_ubrmt to the Dockets Management Branch (address above) written comments regarding this
1nter1m ﬁnal rule by [msert date 75 days after date of publzcatzon in the Federal Regxster} Two

coples of any comments are to be submltted except that mdlvrduals may submrt one copy
bfr found in brackets in the headmg of thrs

Comments are to be 1dent1ﬁed w1th the docket num

document R” ”elved comments may be seen in
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VIL En.. camental Impact
The agency has determined under 21 CFR 25.30(k) that this action 1s of a type that does

not individually or cumulatively have a significant effect or. the human environment. Therefore,

neither an environmental assessment nor an environmental impact statement is required.

4

of the economy, competition, or jobs. A regulation is ulso cons1dered a sxgmfrcant regulatory actron
if it raises novel legal or pohcy rssues FDA has de.ennmed that this interim final rule is not

a srgmﬂcant regulatory action as deﬁned by Execuuve Order 12866.

The authonzauon of health clarms about the relatlonshlp between plant sterol/stanol esters
and coronary heart disease leads to costs and beneﬁts only to those food manufacturers who choose
to use the clarm ThlS interim final rule would not reqmre that any labels be redemgned or that

any products be reformulated. Therefore, this I'Ul.e“W,iu not gene_rate any direct compliance costs.
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‘consumers with the assurance that this information is truthful, not misleaumg, and scientifically

i

B 'Small Ennn tna Vsis

FDA has exammed the economic Imphcattons of thlS interim final rule as requn‘ed by the

act of the rule on small entities.

s previously explained, this interim final rule will not generate any dtrect compliance costs.

Small husmesses will incur costs only 1f they choose to take advantage of the marketmo opportumty
presented by thts mtertm fmal rule: No small entlty, however will choose to bear the cost of

rede51gn1ng labels unless it beheves that the clatrn w1ll Iead to mcreased sales of its product

no further analy51s is requrred

C Unfunded Mandates Reform Act of 1 995

T1t1e II of the Unfunded Mandates Reform Act of 1995 (Pubhc Law 104—4) requlres cost-

benefi t and other analyses before any rulemakmg 1f the rule would mclude a “Federal mandate
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information " ...der the Paperwork Reduction Act of 1995 (44 U.S.C. 2201-3520). Rather, the

food labeling health claim on the association between plant sterol/stanol esters and coronary heart

disease is a “"putlic disclosure of information originally supplied by the Federal government to

the recipient for the purpose of disclosure to the pablic™™ (5 CFR 1320.3(c)(2)).

the States or on the dxsmbutlon of power and responsrbxhtles amono the various Ievels of

govemment. Accordmgly, the agency has concluded that the mtenm final rule does not contain

The folIowmg references' 'have been blaced on,dxsplay in the Docketsﬁ Mana”gement Branch

(address abo»e) and may be seen by mterested persons between 9 a.m. and 4 p-m., Monday through

Fnday '
1. Lipton, “Petition for Health Claim—Vegetable il SterOl Esters and Coronary Heart Disease,’

Item CPI Docket 00P-1275, Dockets Management Branch, Februaryl 2000
2. Letter from Daniel R. Dwyer, Kleinfeld, Kaplan and Becker to Sharon A. Ross FDA Item MT 1

Docket 00P—-1275 Dockets Management Branch March 31 aOOO

5. Letter from Lynn A. Larsen, FDA, to Nancy Schnell, Lipton, May [1, 2000.
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6. Letter ... Daniel R. Dwyer Klemfeld Kaplur and Beck.r, to Lynie A. La=-2n. FDA. June 26,
afaOOO

- 7. Letter from Nancy L. Schnell, Lipton. to Christine J. Lewis, FDA. August 2.2000.

- 8. chNeil Consumer Healthcare ‘.‘T“Petition for Health Claim—Plant Stanol Esters and Coronary 'Heart R

ll Letter from Grlbert A. Leverlle McNerI Consumer Healthcare, to Sharon Ross FDA Item MM4

- Docket OOP—~1276 ‘Dockets Management Branch Apnl 3, 2000.

» 12 Letter from Gdbert A Leverlle McNerl Consumer Healthcare to Sharon Ross FDA ‘Ttem MMS

. Docket 00P-—

1276 Dockets Management Branch‘Ma‘ ’l 2000

veille, McNeil ‘Consu,mer Healtncare,lto Shar/on A. Ross, FDA, June

14. Letter from Gilbert A. Leverlle ‘McNeil Confumer Healthcare, to Lynn Larsen FDA, July 18,

2000.

15. Letter from Lynn A. Larsen, FDA to Dr. Gilbert A. Leveille, McNex] Consumer Healthcare May
25 2000. |

16 Letter from Mark A. Srevers “Jo nson & Johnson (parent company to McNerl Consumer S

Healthcare) to Lynn A. Larsen, FDA, June 14 2000

*Report on Nutrition and Health, Washington, DC: U.S. Government Printing Office, 1988, pp. 83-137.
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- 16. Food and Nutrition Board, National Academy of S :iences, Dier and Health: Implications for

: Re‘c’luc,ing Chro.... Disease Risk, Washington, DC: National Academy Press. 1989, pp. 291-309 and 529— A

24 U S Department of Agnculture Agncultural Research Servxce “USDA Nutrlent Database for -

Standard Reference Release 12 i Nut vent”Data Laboratory Home Page (www. nal usda gov/fmc/foodcomp)

1998.

25 Nair, P. P., N. Turjman G. Kessxe B Calkms G T Goodman H Davidovitz, andG
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98
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Esters.”” Luropean Heart Journal Supplements.

110 Wester, L., “Dose Responsweness to Plant Stano,

I‘(Supplcment S) 1p 5104 SIOS l999

Llst of Subjects in 21 CF RP éff 101

Food labeling, Incorporation by reference, Nutrition,hReportrng and recordkeeping

- (a) Relattonshtp between dzets that mclude‘ plant sterol/stanol esters and the rzsk of CHD. ’

’( l) Cardlovascular drsease means drseases of the heart and crrculatory system Coronary heart

dtsease (CHD) is one of t.he most common and serious forms of cardrovascular dlsease and refers

to chseases of the heart muscle and supportmg blood vessels Hrgh blood total cholesterol and

'low densrty hpoprotem (LDL) cholesterol levels’are assocrated wrth 1ncreased rlsk of developrng

occuramong people wrth hrgh total cholesterol Ievels

coronary heart disease. High CHD rates
21 millimole per I‘iterw(mmol/ )

:of 240.m11hgrams per deciliter (mg/dL)

and 130 to 159
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(Z) Popu ations w1th a low 1nc1dence of CHD tcm to have ... lvely low blood total cholesterol k

] LDL cuuwstero lev ls Thest populanns also te1 . to have (llt,fdl’} pattems that are not only

E low in total fat cspecrally saturattd tat aud cholcsterol, but are also rclattv l} htoh in p ant foods

‘that contam d1etary hber and other components

(3) Scxentrﬁc evrdence demonstrates that diets that mclude plant sterol/stanol esters ma : reduce

_ § 101. 14(a)(4) with respect to the dlsquahfymg level for total fat per 50 grams (g)in dressmgs

for salad and spreads and § 101. l4(e)(6) w1th respect to dressmgs for salad

(2) Speczﬁc requzrements———(t) Nature bof the clazm l A health clarm assocratmg dlets that 1nclude

plant sterol/stanol esters with reduced rrsk of heart disease may be made on the label or labelmg

bof a_food descrlbed in paragraph (c)(Z)(m) of t ’1s sectron provided that

(A) The clalm states that plant sterol/stanol esters ‘should be consumed as part of a dlet low “

1n saturated fat and cholesterol' |

might reduce

plant sterol/stanol esters ‘‘may”’ or.
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(D) w >pecifying the substance. the claim uses the term “plant sterol esters”” “‘plant stanol

- esters,” excep. .aat if the sole source of the plant s.erols or stanols is cgetable orl the chim

-~ 'may use the term *'vegetable oil sterol esters” or ““vegetable oil stanol esters™:

“(E) The claun does not attrlbute any degree ol" risk reductlon for CHD to dlets that mclude

ant sterol/stanol este

to reduce the I‘lSk of CH and th cont b ne servmg of the product makes to the specrﬁed

‘daily dtetary 1ntake level Dally dletary 1ntake levels of plant sterol and stanol esters that have

'been assomated w1th reduced I’ISk of are:

(1) l 3 g or more per day of plant sterol esters

| y dletary mtake of plant sterol or stan esters . should |

d in two servings eaten at dlfferent times o the day w1th other foods
(n) Nature of the substance——(A) Plan: sterol esters. (1) Plant sterol esters prepared by
; estenfyzng a mixture of plant sterols from edible oils with food- -grade fatty acids. The plant sterol
nuxture shall contain at least 80 percent beta-sitosterol, campesterol, and stlgmasterol (combmed
welght) | |
(2) FDA will measure plant sterol esters by the ntethod entitled “Determmanon of ﬂthe Sterol

Content m Margannes Halvarmes Dressmgs Fat Blends and Sterol Fatty Acid Ester Concentrates |
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for Foou . 2ty and Applied Nutrition’s Library. 200 © St. SW.. rm. 3327 Washington. DC. or
at the Uffice of the Federal Register, 800 North Capito, St. NW.. suite 700. Washington, DC.
(B) Plant stanol esters. (1) Plant stanol esters prepared by esterifying a mixture of plant stanols
derived from edible oils or byproducts of the kraft paper pulping process with food-grade fatty

ac1ds The plant stanol mlxture shall contam at Ieast 80 perc;nt srtostanol and campestanol .

: (combmed welgh'

(2) FDA will 1

Consumer Heathcare dated February 15, 2000: Determmatlon of Stanols and Sterols in Benecolw ,

Stanols and

Tub Spread” ““‘Determi k erols in Benecol Dressrng . Determmatron of
Stanols and Sterols in Benecol Snack Bars”' “Determmauon of Stanols and Sterols in Benecol
Softgels.”” These methods are incorporated by reference in accordance with 5 U.S. C 552(a) and

1 CFR part 51. Copies may be obtamed from the Center for Food Safety and Apphed Nutrmon

Office of Numtlonal Products Labelmg, and Dzetary Supplements DIVISIOH of Nutrition Scrence .

and Pohcy, 200C St‘ SW., i , on, v ‘ ) & : ente
for Food Safety and Apphed Nutrmon S lerary 200 C St. MS’W ‘rm 3321, Washmgton DC,

and at the Office of the Federal Reglster 800 North Capitol St. NW., suite 700 Washmgton
DC.
(ii1) Nature of the food elzglble to bear the clazm (A) The food product shall contain:
(1) At least 0.65 g of plant sterol esters that comply w1th paragraph (c)(Z)(u)(A)(_) of this
section per reference amount customanly consumed of the food products eligible to bear the health

claim, specifically spreads and dressings for salad, or

(2) At least 1.7 g of plant stanol esters that comply w1th paragraph (c)(2)(n)(B)(] ) of this

anly con ‘nm he food products eligible to bear the health

clarm speclﬁcally spre

(B) The food shall r

fat’” and “Tow cholesterol”” food; and
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(C) The © od must meet the limit for total fa' in § 191 14(a)(4), - -ept that spreads and

dressmos for salad are not requned to meet the limit fo: total fat per 50 g if the label of the

kfood bears a dlsclosure statement that complies with § 101.13(h): and

(D) The food must meet the mmlmum nutricnt contribution requtrement in § 101. l4(e)(6)

unless it is a dressing for salad

) (d) Op’nonal. information. (1) The claim maly;state that the development of heart dis

/ drsease about ‘which there is general scientific agreement A famtly hrstory of CHD; elevated blood

vtotal and LDL cholesterol; excess body werght h10h blood pressure crgarette smokmg, dxabetes

and physwal mact1v1ty The clarm may also provide additional information about the benefits of

exercise and management of body weight to help lower the risk of heart disease.

(2) The clalm may state that the relatlonshlp between intake of diets that mclude plant sterol/

stanol esters and reduced risk of heart dtsease is through the mtermedrate link of “blood

LDL cholesterol a4 N

cholesterol ” or ‘blood t

(3) The CIaim’may“lnclude information from paragraphs (a) and (b) of this seotion which
summarize the relatronshlp between diets that inctude plant sterol/stanol esters and the I'lSk of CHD

and the srgmﬁcance of the relattonshtp

(4) The claim may include information from the following paragraph on the relationship
between saturated fat and cholesterol in the diet and the risk of CHD: The sc1ent1ﬁc evidence
establishes that diets hlgh in saturated fat and cholesterol are associated w1th increased levels of

blood total and LLDL cholesterol and thus thh increased rrsk of CHD Intakes of saturated fat

exceed recommended levels m the dlets of ‘many people in the United States One of the major

CHD risk is to consume less than 10 percent of calories

public healthre

mg or less per da}y.AS‘kcxenttﬁeg evidence demonstrates that die

~ daily cholesterol intak




1 12
low 1in saturaic. fat and cholesterol are associated with lowe. blood total an. | DL C mlestcrol

‘ levels

_(5) The claim may state that dietsthat yinc_lude plant sterol or stanol esters and are low in

"{r e stent Wlm Nutrmon and Your Health: l)letary (JUIdClll’lCS

blood total and LDL cholesterol levels then the clarmk hall state that m

1duals w1th hlgh'blood

cholesterol should consult the1r phys1cxans for Vmedlcal advrce and treatment

(7) The claxm may mclude mformatlon on_the number of people in the Umted States who

have heart dlsease The sources of thlS lnformatlon}shall be 1dent1ﬁed and ’1t shall be c rr nt i

(GPO). |

(e) Moa’el health clazm The followmg model health claims may be used in food labelmgv'\

to describe the relatlonsh1p between dlets that mclude plant sterol or stanol esters and reduced

rxsk of heart drsease‘ »
( l) For plant sterol esters (/() Foods contammg at least 0.65 g per servmg of plant sterol

esters eaten twice a day w1th meals for a dally total mtake of at least l 3 g, as part of a dlet




113

7 :
(2) For plant stanol esters: (#) Foods coataining at least 1.7 g per serving

3

of plant stanol

esters, eafen tw.ce a day with meals for a total daily intake of at least 5.4 g. as part of a diet

low in saturated fat and cholesterol, may reduce the risk of heart disease. A serving of [name

of ’th'e food] supplies grams of plant stanol esfers.




U

(B) Z..is low in saturated fat and cholesterol tha

include two servings of foods that provide

a daily cotal of at least 3.4 g of vegetable oil stanol eslurs in two meals may reduc

e the risk
of heart disease. A serving of

[name of the food] supplies grams of vegetable oil stanol esters.

Dated: _August 30, 2000 _

, o EA '
COPY OF THE oRicings.




TABLE 1.—PLANT STEROL ESTERS AND CHD {

STUDIES ARE LISTED IN REVERSE CHRONbLéGICAL“oRDER) '

Study Design Population Vegetggéz/?grrsgerolsz Duration ' Dietary intakes Results
- Jones P. ,. 2000 Randomizeq N=15 (M) (1) Controf, Run-in period NR; 21.; .| Subjects consumed a Percent change in cho-
(Ref.58) : double-blind hypercholesterolemic : |(2) Phytosterol esters days duration on each;
ooF . crossover

balanced Latin square
design.

subjects; plasma total

cholesterol coricentra-

tions ranging from 232

mg/dL to 387 mg/dL.

Means at day 0.
(1) Control group
25019 mg/dL o
(2) Phytosterol ester

group: 247+7 mg/dL 1j‘
(3) Phytostano! ester. -1 .

group 247+7 mg/dL.

294 9/d (184 g/d |

= free);
(3) Phytostanol esters
13.13 g/d (1.84 g/d free)

... —in 23 g of margarine

" (margarine consumed -
3X/d with meals).

Sterol source: vegetable
od

phase: margarine co
trol, phytosterol estel
margarine, and

phytostanol ester mai

garine; each phase fol-

lowed by a 5-week
washout.

fixed intake North .
~.American solid foods
‘diet in a controlled
eding situation; diets

adian recommended

otal fat (% TE): 35
aturated fat (% TE): 10
holesterol (mg/d): NR

rmulated to meet Ca-

lesterol compared to
control at dey 21:
Total-C
phytosterol esters:
-9.1t
phytostanol esters:
55
LDL-C
phytosterol esters:
-13.2*
phytostanol esters:

phytosterol esters: 0

phytostanol esters: 0
1P < 0.005, P <0.02,

relative to control

Maki KC, submitted
for publication
(Reis. 61.and 62)

Randomized, double-
blind, three-arm par-
alle} controlied study.

N= 224 randomized; N=
193 completed study
(M/F) (cortrol N= 83;

_low PSE N= 75; high
PSE N= 35) mild to
moderate
hypercholesterolemics
(mean baseline total
cholesterol: 240 mg/
db).

(1) Controt,

(2) Low phytosterol
esters (PSE) group:
1.76 9/d (1.1 g/d free);

(3) High phytosterol
esters group: 3.52 g/d
(2.2 g/d free)

—in 14 g/d of reduced
fat (40%) spread (two
7 g servings/d, with
food).

Sterol source: soybean
oil.

4 week run-in period, fol-
lowed by 5 week treat-

ment r"enod

- .-50% fat-spre 1d; back-
- ground diet: NCEP
-+ Step | diet and a ra-
duced-fat (40%)
" spread.
Dietary intake, end of
study:
Total Fat (% TE)
control: 29.5+0.8
low PSE: 29.1:0.9
: high PSE: 28.8+1.4
1 Saturated Fat (%TE)
control: 9.1+0.4
low PSE: 8.6£0.4
.- high PSE: 9.1+0.6
,Cholesterol (mg/d)
.~ ‘control: 18213

Run-in diet: NCEP Step |
: diet and a conventior.al

Percent ¢k nge in cho-
lasterol at end of 5
weeks, relative to con-
trob:

Total-C
low PSE group: -5.2%"
high PSE group:
-6.6%"

LDL-C
low PSE group: -7.6%"
high PSE group:
-8.1%"

HDL-C
low PSE group: 0.8%
high PSE group: 1.6%

‘P <0.001




TABLE 1.—PLANT STEROL ESTERS AND CHD!(STUDIES ARE LISTED IN REVERSE CHRONOLOGIGA oﬁDER)——Continued

Design

Population

Vegetable oil sterols;
dose/form

Duration

: Dietary intakes

Resu'ts

Randomized placebo-
controlled dietary
study.

N=21 (10 M/ 11F)
healthy poputation; in-

clusion criteria at base-.

line for total serum

cholesterol concentra-
tion: 158 to 255 mg/dL

(mean 187+25 mg/dL.

(1) Controt:
(2) Phytosterol ester
13.8 g/d (8.6 g/d tree)

1 —in 40 g/d of margarine;
“- consumed with break-

fast and dinner under

. . supervision,:

Sterol source: vegetabls
oil. - :

Run-in duration: 21: days
M and 28 days F;
treatment’ duratlon 21
days M and 28 days F

X

Controlled diet based on
¢ . a typical British diet;
breakfast and dinner
consumed under su-
‘pervision, but lunch
.and snacks were pro-
ded and consumed
nsupervxsed outside

Percent change in cho-
lesterol at end of 21/28
days, relative to con-
trol:

Total-C: -18%*

LDL~C: -23%*

HDL~C: -7%

*(P<0.0001)

endriks HFJ, 1999
(Ref. 57)

Randomized, double-
blind, crossover, bal-
anced incomplete Latin
square design; 5
spreads, 4 periods.

N= 100 (42 M/ 58 F), but
80 subjects for each
spread (incomplete
Latin square design="5
spreads in four peri-
ods); normochol-

esterolemic and mildly

cholesterolemic volun-
teers; inclusion criteria
at baseline for total
serum cholestera! con-
centration: < 290 mg/

dL (baseline total cho- -

lesterol: mean 197+38
mg/dL, range: 105 to
287 mg/dlL).

(1) Butter (controh);

(2) Spread (control);

(3) Plant sterol ester 1.33
g/d (0.83 g/d free);

(4) Plant sterol ester 2.58

g/d (1.61 g/d free);

(5) Plant sterol ester's.18
¢/d (3.24 g/d free)

—in 25 g/d of spread (or
butter); spreads re-
placed an equivalent
amount of the
spread(s) habitually
used; %2 at lunch, %%
at dinner.

| Sterol source: soybean

.and other vegetable

£ ol

No run-in period; each
subject consumed 4
spreads for a period of
3.5 waeks each; wash-"
out pericd NR, -

Consumption of habitual
Dutch diet (self-se-
lected diets on study).

Dietary intake, end of

study.

otal fat (% TE)

control: 33.9+5.6
1.33 g/d PSE:
32.945.2

| 258 g/d PSE:

33.3t5.5

.} '5.18 g/d PSE:
“]. 33.9+55
Saturated fat (% TE)

control: 13.5+2.9
1.33 g/d PSE:
13.442.5
2.58 g/d PSE:
13.3+2.7

- 5.18 g/d PSE:

13.5:2.86

control. 245+58.5
1.33g/d PS ™

- 245168.6

- 2.58 g/d PSE: 248161
5.18 g/d PSE: 261::63

Percent change in cho-
lesterol at end of 3.5
weeks, relative to con-
trol spread:

Total-C
1.33 g/d PSE:
2.58 g/d PSE:
5.18 g/d PSE:

LDL-C
1.33 g/d PSE
2.58 g/d PSE:
5.18 g/d PSE:

HDL~C
1.33 g/d PSE:
2.58 g/d PSE:
5.18 g/d PSE:

*(P < 0.0001)

-4.9°
-5.9*
-6.8"




'(Ref 74)

Jones PJH, 1999

-Randomized double-blind

placebo-controlled,
parallel study.

N=32 (M) e
hypercholesterolemlc g
subjects (N= 18 control
group, N=186 phytos- _
terol group); inclusion
criteria serum total
cholesterol concentra-
tions between 25: t0 -
387 mg/dL; mean cho
lesterol at baseline,
mg/dL: control group-
283.5 + 50, phytoster
group 260.5 + 445,

(1) Controt

142, Sitostanol- -containing

phytosterols (20%
. ;sitostanol, remaining
-plant sterols are sito-
'sterol, campesterol)
1.7g/d -
~—in 30 -¢/d of margarine
consumed during 3
meals; sterols/stanols
not esterified. ‘
terof source: tall oii (de-

Tived from pine wood). |

No run-in' peno
mental-period: 30
days; 20 days: followup

after expenmental pe
riod.:

exper
men for all subjects; a
‘prudent,’ fixed-food
North-American diet
formulated 1o meet Ca-
nadian recommended
“nutrient intakes.
Dietary intake dunng
study.: .

Total fat (% TE): 35%
Saturated fat (% TE):
1%

Cholesterol (mg/d): NR

ontrofled fee’dihgiregi- : * Day. 30 cholesterol (mg/

HDL-C

 LDL-C

daL):

Total-C }
control: 236156
sitostanol-containing
phytosterals: 210+36

LDL-C
control: 176152
sitostanol-containing
phytosterols: 13036
{p < 0.05 relative to
control group)

control: 2317
sitostanol-containing
phytosterols: 2617
Day 0 to day 30, percent -;
change:

control; -8.9%, P <
0.01 : E
sitostancl-containing
phytosterols: -24.4%, P
<0.001
sitostanol-containing
phytosterc's

-15.5%, P <{1.05, rel-
ative to control




TABLE 1.-—PLANT STEROL ESTERS AND CHD (STUDIES ARE LISTED IN REVERSE CHRONkOLOG!CALi ORDER

Study -

Design

Population

Vegetable oil sterols:
dose/form

}—Continued

Duration

" Sierksma A, 1999
(Ref. 75)

Balanced, double-blind
crossover design.

N=76, 75, or 74 healthy
volunteers (39 M/37:.
F); baseline plasma

total cholesterol levels :

<310 mg/dL.

(1Y Control (Flora
spread);
(2) Soybean sterols: 0.8
.- g/d (non-esterified);
(3) Sheanut oil sterols
»:(esterified): 3.3 g/d
—in'25 g /d spread.
:Sterol source: soybean’
- oll or sheanut oil.

_ Dietary intakes

Results

Run-in period: 1 week.on
control spread; experi-
mental period: 3 weeks
each experimental pe-
riod, 9 weeks total;.no

. -wash-out period (bal-
anced design with pe
riod by group random

. ‘allocation). =

Volunteers maintained
normal dietary patterns

. during study; spreads

;. were meant to replace

preading, but not to
e used for baking or

ietary }ntake during
study.

: Total fat (% TE)

-control: 38.3
soybean sterols: 38.3
. sheanut sterols: 38.4
Saturated fat (% TE)
control; 13.9
."sOybean sterols: 13.8
sheanut sterols: 14.3*
Cholesterol (mg/d)
. ‘control; 246
_Soybean sterols: 247
‘sheanut sterols: 242
P <0.05

Cholesterol (m ydL}):
mean (95% 1)

Total-C
control: 196 (193, 199)
soybean sterols: 188
(186, 191)* :
sheanut sterols: 194
(191, 197)

LDL-C
control: 122 (119, 124)
soybean sterols: 114
(112, 116)*
sheanut sterols: 119
(1186, 122)

HDL-C .
control: 50 (49, 50
soybean sterols: 50
{49, 51) )
sheanut sterols: 50
(49, 51)

P < 0.05, relative to con-

- trol

" Percent change, relative

- to control

Total-C

soybean sterols:

-3.8%"

- LDL-C
soybean sterols: -6%"

HDL-C: 0

* P <0.05




Weststrate JA, 1908

(Ref. 67)

Randt 1ized double-blind

LPAS SR04 81 - GH

cros over, balanced in-
com; ilete Latin square
des! n with 5 mar-
gari -es, 4 periods of
3.5 veeks.

VPV I

N=95 snroied= 50

M/ 50 F) but approxi- : -

mately 80 subjects for
each margarine (in-
complete Latin square
design= 5 margarines-
in four periods);

normocholesterolemic. =

and mildly hyperchot- -
esterolemic subjects:
inclusion criteria at
baseline for total pla
ma cholesterol con-
“centration: < 310.mg/
dL (baseline total cho-
lesterol: mean 207141
mg/dL). '

o~

{1) Coniroi {Fiora

spread);

(2) Plant stano! esters

4.6 g/d (2.7 g/d free);

(3) Soybean sterol esters

4.8 g/d (3 ¢/d free);

.(4) Ricebran sterols 1.6

o/d

(5) Sheanut sterols 2.9 g/

-—m 30 g/d of margarine,

‘eonsumption at lunch
and dinner; margarine
replaced margarines
habitually used.
Sterol source:; soybean,
ricebran and sheanut.

Run-in of 5 days; each

subject consumed 4
margarines far a p
riod of 3.5 weeks

each; wash-out per
between experimenta
periods- NR.

‘Volunteers were re-
: ~quested to retain their

normal dietary pattern.
ietary intake during

otal fat (% TE)

control: 42

‘plant stanol esters:
8

Oybean sterol esters:
15 -

icebran sterols: 41.4
heanut sterols: 41.3
aturated fat (%TE)
control: 15.9 :
lant stanol esters:
6.2

oybean sterol esters:
5.3

icebran sterols: 15.4 '

control; 233;

‘plant stanol esters:
243

soybean sterol esters:
226

“ricebran sterols: 233
sheanut sterols: 227

Percent change in cho-
lesterol at the end of
3.5 weeks, relative o
control spread:

Total-C
plant stanol esters:
-7.3"
soybean ste-o! esters:
-8.3*
ricebran sterols: -1.1
sheanut sterols: -0.7

LoL-C
plant stanol esters:
-13*
soybean sterol esters:
-13°
ricebran sterols: -1.5
sheanut sterols: -0.9

L HDL-C

plant stanol esters: 0.1
soybean sterol esters:
0.8

ricebran sterols: -1.3
sheanut sterols: -1.2

P <0.05

Pelletier X, 1995
(Ref. 65)

Randomized, crossover
design (blinding NR).

N= 12 normolipidic
healthy men (baseline

cholesterol levels NR).

(1) Group 1: 4 weeks
normal diet followed by
4 weeks plant sterol-
enriched diet 0.740 g/
d

{2) Group 2. 4 weeks
plant sterol-enriched
diet 0.740 g/d followed
by 4 weeks normal diet

: .| —in 50:g/d of butter;

plant sterols are not
esterified.

Sterol source. soybean
oil.

1 week run-in period and

two experimental peri-
ods of 4 weeks each;
wash-out period NR.

Subjects on a controlled
diet, but diet is a “nor-
mal” diet.

Dietary intake, during
study:.

Total tat (% TE)

Period 1: 36.417.1

. Period 2: 36.416.9

Saturated fat (% TE)
Control: NR
Plant Sterol: NR

Cholesterol (mg/d)

Control: 436
Plant Sterol: 410

Percent change in cho-
lesterol at end of 4
weeks, plant sterol-en-
riched butter relative to
control butter:

Total-C
-10%*

tDL-C
-15%*

HDL-C
+4.6%

P < 0.001




TABLE

1.—PLANT STEROL ESTERS AND CHD (STUDIES ARE LISTED IN REVERSE CHRONOLOGl(ﬁ\L’fﬂORDEB)—Continued

o Study

Design

Population

Vegetable oil sterols:
dose/form

Duration

% Dietary intakes

Resu'is

Miettineq), TA, 1994
+- (Ref. 63) (same as
or partial study of
. “'Vanhanen-HT,
-1992(Ref. 684)):

Randomized, placebo-
controlled, double-blind
study.

N= 31 (22 M/ 9 F) (con-
trol N= 8; sitosterol N=
9; sitostanol N= 7;
sitostanol ester N='7);

hypercholesterolemic

subjects; inclusion cri-:
teria at baseline for
total serum cholestero!
concentration: >232
mg/dL. )

(1) Rapeseed oil (RSO)
control, .~

}-(2) Sitosterot 0.7 g/d:

(3) Sitostano! 0.7 g/d:

{4) Sitostanot ester 1.36

~g/d (0.8 g/d free)

~in 50 g/d of RSO may-
onnaise.

terol source; NR,

6 week run-in period; 9;
week study period. .

No diet changes other
than replacing 50 g of

5 typical daily fat by 50 g
: of RSO mayonnaise.
ietary intake at end of
study for all subjects:
otal fat (g/d)

11419

aturated fat (% of total
fat)

Change in cholesterol
from end of run-in pe-
riod to end of 9 week
study period (mg/dL):

Total-C
RSO controf: +4.6+4.3
sitosterol: -7.715.0
sitostanol: -0.445.4
sitostanol ester: -7.4
3.1t

LDL-C
RSO control: +3.1+4.3
sitosterol: -7.0£4.3
sitostanol: -1.2+4.6

. sitostanol ester: -
-7.7£3.1°%

HOL~-C - .

RSO control: +2.3+1.2
sitosterol; +0.00+1.5
sitostanol; +2.311.5
sitostanol ester:
+2.310.8"

*P < 0.05, relative to run-
in

' TP < 0.05, relative to

RSC control

Vanharnicn YT, 1992
(Ref. 64) (same as
or partial study of
Miettinen TA, 1994
(Ref. 63))

Placebo-controlled, ran-
domized, double-blind
study.

=24 (M and F) (control
group n= 8; sitosterol
group n= 9; sitostanol
group n=7)
hypercholesterolemic
individuals (serum
cholesterol> 232 mg/
dL).

(1) Rapeseed oil controt,

(2) Sitosterol: 0.625 or
0.722 g/d,

(3) Sitostanol: 0.630 g/d

—in 50 g/d of rapeseed
oit mayonnaise; plant
sterols/stanols are not
esterified.

Sterol source: rapesesd
oil.

6 week run-in on
rapeseed oil spread; 9
week period.

On averags 50 g of visi-
ble dietary fat as but-
ter, margarine, milk fat,
sausages and cheeses
was replaced by the
fat spread.

Dietary intake during
Study.

Total fat: NR
Saturated fat: NR
Cholesterol: NR

Percent change in cho-
lesterol at end of 9
week study period, rel-
ative to controk.

Total-C
sitosterol group: -7.6
(NS)
sitostanol group: -9.7
(NS)

Cholesterol at end of
study (mg/dL):

Total-C
control: 239410
sitosterol group:
221+13
sitostanol group:
21619

all NS

LOL-C: NR

HDL~C: NR




Table 1. Plant Steroi Egters and CHD}Continued
Acronyms and Abbreviations Used in Table

d day

d deciliter

I confidence interval

F | female |

mg | mlhgram

N number

NCEP Nationa.l‘Chyv(i)lés‘ter‘(jl Education *Prograbm\

NR ; not réported

NS " not statistically significant

% percent

P probability of type 1 error

PSE phytosterol ester

TE total energy

Total-C  serum ‘t‘otél' cholesterol level

RSO  rapseed oil (or canola oil)

X times




TABLE 2.—PLANT STANOL ESTERS AND CHD (STUDIES ARE LISTED IN REVERSE CHRONGLOGICAL ORDER)

Study Design Population Plant stanol: dose/form Duration Dietary intakes Results
. Hallikainen MA, Randomized single-blind, | N= 22 (M/F) -} (1) Controt, Ruri-in duration: 1 week | Subjects followed a
: crossover design (dose- hypercholesterolemic

12000 (Ref. 88)

,Jones PJ, 2000

dependent study).

Randomized double-blind

teria: serum total cho-

ranging from 193.5
329 mg/dL (mean at
baseline; 266 50 m
du).

subjects; inclusion cri-:

lesterol concentrations:

(2) Plant stanot esters

4:1.4 g/d, (0.8 g/d free);

3) Plant stanol esters

J:2.7.9/d (1.6.9/d fres);

1 (4) Plant stanol ‘esters

1 4.1.9/d (2.4 g/d free);

5) Plant stanol esters

5.4 g/d (3.2.9/d free)

—in 25°g of margarine

“taken in two to three
portions with meals.

Stanol.source: NR.

All subjects followed the

same dosage order;

2 the order of dose peri-
ods was randomly de-;

¢ termined as follows: -

and 0.8 g/d.

24,32,186, O(oomrol')”

of 4 weeks each; no*
washout between ori
ods..

period; 5 test periods -

.1 standardized back-
ground-diet throughout
the study.
Dietary intake during
sludy.
otal fat (% TE)
control: 34.324.9
1.4 9/d:'33.4+4.9
2.7.9/d:33.414.3
1:9/d;:32.545.4
4'g/d: 33.5+4.2
Saturated fat (% TE)
control: 10.3+2.2
1.4.g/d::9.4+1.9
27 g/d: 9.311.3

A

holesterol (mg/d)
control: 158

1.4 g/d: 179

2.7 g/d: 155
4.1 g/d: 153
5.4 g/d: 177

Cholesterol a ter test
(mg/dlL):

Total-C
control: 2562140
1.4 g/d; 245145
2.7 g/d: 235x38" .
4.1 g/d: 226+36"
5.4 g/d: 223+30*

LDL-C =
control:
1.4 g/d:
2.7 g/d:
4.1 gd:
5.4 g/d:

HDL-C
control:
1.4 g/d:
2.7 g/d:
4.1 g/d: 58+14
5.4 g/d: 58£12

Percent change, relative
to control:

Total-C
1.4 g/d:
2.7 g/d:
4.1 g/d:
5.4 g/d:

LDL-C
1.4 g/d.
2.7 g/d:
4.1 g/d: -9.7% *

5.4 g/d: -10.4% *

*tP < 0.001 or tP < 0.05

vs control

17137
16839
161341
153+29" -
15127

58+12
58+12
58+12

-2.8%
6.8% "
-10.3% *
-11.3% "

-1.7%
-5.6%t

(Ret. 58)

crossover balanced
Latin square design.

N=15 (M)
hypercholesterolemic
subjects; plasma total

tions ranging from 232
" mg/dL to 387 mg/dL.
Means at day 0.
(1) Control group 250+9
mg/dL
(2) Phytosterol ester
group: 247+7 mg/dL
(3) Phytostanol ester
group 24717 mg/dL

cholesterof concentra-

(1), Controt,

(2)-Phytosterol esters
2.94 g/d (1.84 g/d
fres);

(3) Phytostanol esters
3.31 g/d (1.84 g/d free)

—in 23 g of margarine
(margarine consumed
3X/d with meals).

Stanol source: vegetable
oil.

Run-in period NR; 21
days duration on each
phase: margarine con-
trol, phytostero! ester |
margarine, and .
phytostanol ester mar-
garine; each phase-fol-
lowed by a 5-week
washout,

Subjects consumed a
fixed intake North
. American solid foods
. diet in a controlled
. feeding situation; diets
- formulated to meet Ca-
"nadian recommended
nutrient intakes.
Dietary intake during
study.
Total fat (% TE): 35

‘Saturated fat (% TE): 10
Cholesterol (mg/d): NR

Percent change in cho-
lesterol from control at
day 21:

Total-C
phytosterol esters:
-9.1%
phytostanol esters: -5.5

LDL-C
phytosterol esters:
-132 "
phytostanol esters:
-6.4*

HDL-C
phytosterok-esters: 0
phytostano! esters: 0

+P <0.005, *P <0.02, rel-

ative to control
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Population

Plant stanol: dose/form

Duration

" Dietary intakes

Results

92) Az

" Plat J, 2000 (Ref.

Randomi: 2d double-
blind, p:acebo-con-
trolled study.

N= 112 141 M/714 l:\ non- 11

W

hypercho!estero\emnc
subjects (controt N=

42, pine wood stanol . -' i
esters N= 34, vegeta- "

ble oil stanol esters N
386); inclusion :
criteria: serum total cho-

lesterol concentratlons

< 2562 mg/dL.

J , vw it ul,

(2) Pine wood stanol

esters 6.8g/d (4 g/d
free);

(3) Vegetable oil stanol
esters 6.8 g/d (3.8 g/d

‘ free)

—in 20 g of rapeseed oil

‘margarine plus 10 g of

apeseed oil shortenlng

per day.

Stanol source: pine wood

based or vegetable oil:

Run-in duration: 4 weeks:*

experimental perlod
weeks.,

' Slibjects consumed usual

habitual diet with the
exception that 30 g of
est margarine and

wood stanol esters:
39.613.8

wood stanol esters::
13.5¢1.6

vegetable stanol

" esters: 13.6+2.2

:Cholesterol (mg/d)

control: 221.5

-wood stanol esters:
238.5

vegetable stanol

osters: 239.5

Change in cholesterol
from run-in to experi-
mental period (mg/dL}.

Total-C
control: -1...£15.5
wood stanol esters:
-16.3£15.1"
vegetable stanol
esters: -16.6£10.8"

LDL-C
control: -2.3+14.3
wood stanol esters:
-15.9:13.9"
vegetable stanol
esters: -16.6:10.1*

HDL-C
control: 0.4+6.2
wood stanol esters:
0.415.0
vegetable stanol
esters: ( 0£4.3

Percent cl..irge, relative
to controt.

Total-C
wood stanol esters:
-8.1+7.5%"
vegetable stanal
esters: -8.6+5.1%*

LDL-C
wood stanol esters:
-12.8£11.2%"
vegetable stanol
esters: -14.6 £8.0%"

* P < 0.001 relative to
control




Andersson A, 1999
{Ref. 80)

Randomized double-blind
study.

N= 61 (28 M/33 F) mod-
erately
hypercholesterolemic
subjects

{(1) test diet+control mar-}

garine: N= 21

(2) test diet+test mar-.
garine: N= 19

(3) usual diet+test mar-;
garine: N= 21); inclu
sion criteria: serum
total cholesterol levels
at screening >194 - mg/
dL; mean serum cho-
lesterol at baseline:
264144; exclusion cri-
teria: serum cholester
> 330 mg/dL. at scree
ing:

(1) Controlled lipid-lower-
ing diet (test diet) + low
fat margarine (controf
margarine);

) Controlled lipid-lower-
ing diet (test diet) + a
Jow fat 3.4 g/d stanol
‘ester (2g/d free)-con-
ining margarine (test |
margarine); -

3) Usual diet: (control

-in-25 g/d (use 3X per
day) of low fat (40%
fat) margarine made
from low erucic acid
rapeseed {(canola) oil.
tanol source; NR.

Run-in period: 4 weeks:

experimental pertod» 8.
weeks.

Subjects consumed either
“usual diet (control diet)
‘or.controlied feeding
~Jipid lowering diet (test
Jdiet) during study.
alculated /food analysis
" nutrient composition of

“ records) nutrient com-
position of control diet.
Total fat (%TE):
31.8+4.6

Saturated fat (%TE):
11.9+2.2

79+104

Percent change. in cho-
lesterol from baseline:
Total-C
test diet+cor:trol mar-
garine: -8*
test diet+test mar-
garine: -15”
control diet+test mar-
garine: -9~
LDL~-C
test diet+control mar-
garine: -12*
test diet+test mar-
garine: -19”
control diet+test mar-
garine: -12”

| HDL-C

test diet+control mar-
garine: -4

test diet+test mar-
garine: -7t

control diet+test mar-
garine: 0

*P-: 0.0001; 1P <0.0005,

relative to baseline

. Percent change (P value)

for differences between
test diet+test margarine
relative to test
dist+control margarine:

Total-C. -12% (P <
-0.0035)

LDL-C: -15% (P <

-0.0158)

- HDL-C: 0% (P < 0.1228)
" Percent change (P value)

for differences between
test diet+test margarine
relative to usual diet+

' test margarine:

Total-C: -4% (P < 0.0059)
'LDL-C: -6% (P < 0.0034)

:HDL-C: -6% (P < 0.0093)




TABLE 2.—PLANT STANOL ESTERS AND CHD (STUDIES ARE LISTED IN REVERSE CHRONOE&E!CAU‘ORD'ER)—COntinued

Design Population _Plant stanol: dosefform

Gylling H,-1 999 | Margarine study; random- | N=23 during margarine
(Ref 78) o

Duration " Dietary intakes Resuits

1) Si - ; . T

ized double-blind period, N= 21 during ( )anl?\:%ng 193???: ;“Ba;/ Rl:p\;nmr,a?'g:g}\; :‘:}?:rl\(/;e; | Sipiects wero advised to | Cholesterol at end of pe-
- n- ; .

e margune b | ooy | SR umed o | torw ot weke | o ety i | TG

pestanol ester y )

the (;sanqe evczomen were hypercholesterolemxc »+j= margarine 5.7 g/d (3.16 ;Q:t:;t;e\r’vtenéirsvennon 'Stfg"' o rargarine fun-in home diet:

randomized to the But- postmenopausal ~ | g/ free) (vegetable washort penodrof 5 utter with or without 23516

ter study, which is a women; inclusion cri- ‘ _stanof esters. sitostanol ester mar-

’ ; -0il); N ; '
randomized double- teria: serum ) B)utter controf, ooks noparated ietary intake during garine: 224+7°

blind crossover study. gl;glesstcc-;rgl1 getwg%a[) . 1 (4) Sitostanol ester butter rsn“a}(rjs‘;:;me 2nd butte ostg;‘cg,f () canypesg:c%ester mar-
.3 an m : 4.19/d Aal iat : garine: 7
e Ogé 0(“2) 43 g/d free) - margarine period: 93¢6 |  butter control: 245+8"
'_,;uﬁs g of margarine or at;tllff;f(;gef:?d 9746 Zg%???d ester butter:
, or. +
V- Stanol source: wi _margarine period: NR LDL-C
vegetal;:e oil?mmd o ‘butter period: NR run-in home diet:
" halesterol {mg/d) 15415

“‘margarine period: sitostanol ester mar-

62+19 : garine: 140t5* ;

utter period: 323119 campestanol ester mar-

i garine: 139+7*
butter control: 16117
sitostanol ester butter:
143161

HDL-C
run-in home diet:
6013.5
sitostanol ester mar-
garine: 634"
campestanol ester mar-
garine: 63+3"
butter control: 63+4*
sitcstanol ester butter:
63+4

Percent change from but-
ter controf.

Total-C
sitostanol ester butter:
-8%t

LDL-C
sitostanol ester butter:
-12%1

*Significantly different
from run-in home diet,
P < 0.05;

1Significantly different
from butter, P < 0.05




Hallikainen MA,
. 1999 (Ref. 77)

Randomized doubie-
blind, placebo-con-
trolled, parailel study.

N= 55 (M/F),
hypercholesterolemic
subjects

{{1)control margarine N=
6M, 11F, :

(2) wood stanol ester-
containing margarine
(WSEM) N=8 M, 10.F

(3) vegetable oil stanol’
ester-containing mar-
garine (VOSEM) N=6
M, 14 F); :

inclusion criteria serum

" total cholesterol con
centrations between
209 to 290 mg/dL;"
mean cholesterof at
baseline, mg/di..

control group 229+25

WSEM group 246129;
VOSEM group 238+31

(1) Controf margarine;

(2QFWSEM 3.9 g/d (2.31
g/d free);

{3) VOSEM 3.9 g/d (2.16
g/d free)

-|'—in 25.g low-erucic acid

RSO-based low fat
{40% or 35% fat) mar-
garine per day.

- Stanol source: wood or

i -vegetable, ‘

Run-in period: 4 week; -
experimental period: 8"
weeks.

Subjects consumed the
-margarines as part of a
.. diet resembling that of
- the ‘National Choles-
..terol Education Pro-
“‘gram’s Step I} diet.
Distary intake during
study.,
Total fat (%TE)
scontrol: 26.5+3.1
~WSEM: 26.41+3.3
"VOSEM: 25.6+3.9
Saturated fat (%TE)
‘control: 7.3+1.6

Change in cholesterol
from week 0 to week 8
(mg/dL):

Total-C
control: -18.6+19
WSEM: -46 ;+23.6*
VOSEM: -3 +22.81

LDL-C
control; -17.4122.8
WSEM: -41+17¢
VOSEM: -31+15.4

HDL-C
control: 0.4+5.8
WSEM: -1.216.6
VOSEM: -1.8147

Percent change, relative
to control.

Total-C
WSEM: -10.6%"
VOSEM: -8.1%tT

LDL-C
WSEM: 13.7%+
VOSEM: 8.6%

Significantly different from

control group: *P <
0.001, tP < 0.05, -

= Jones PJH, 1999
i (Ref. 74)

Randomized double-blind
placeho-controlled, par-
allel study.

N=32(M)

hypercholesterolemic
subjects (N= 16 control
group, N=16 phytos-
terol group); inclusion
criteria serum total cho-
lesterol concentrations
between 252 to 387
mg/dL; mean choles-
terol at baseline, mg/
dL: control group
263.5£50, phytosterot
group 260.5 £44.5,

1P < 0.04

(1) Controt,

(2) Sitostanol-containing
phytosterols (20%
sitostanol, remaining
plant sterols are sito-
‘'sterol, campesterol)
1.7g/Md

—in 30 g/d of margarine
consumed during 3
meals; sterols/stanols
not esterified.

‘Sterol source: tall oif (de-
rived from pine wood)

No run-in period; experi-

mental period: 30 days,

20 days followup after
experimental period.

Controlled feeding regi-
men for all subjects, a
‘prudent,’ fixed-food
North American diet
formulated to meet Ca-
nadian recommended
nutrient intakes

Dietary intake during
study.

Total fat (% TE): 35%
Saturated fat (% TE):
1%

Cholesterol (mg/d): NR

Day 30 choicsterol (mg/
daL):

Total-C
control: 23656
sitostanol-containing
phytosterols: 210+36

LDL-C
control: 176452
sitostanol-containing
phytosterols: 130£36

(p < 0.05 relative to con-
trol group)

HDL-C
control: 2317
sitostanol-containing
phytosterols: 267

Day 0 to day 30 (%
change).

LDL-C
control: -8.9%, P <
0.01
sitostanol-containing
phytosterols; -24.4%, P
< 0.001
sitostanol-containing
phytosterols:
-15.5%, P <0.05, rel-

ative to control




TAE £ 2.—PLANT STANOL ESTERS AND CHD (STUDIES ARE LISTED IN REVERSE CHRONOLoGiCAL-ORDER)——Continuedj

Study

Design

Population

Plant stanol: dosesform

Duration

Nguyen TT; 1999

f. '90) .
(Ref,90)

Multice rter, randomized
dout-e-blind, placebo-
controlled parallel
‘study.

N= 298 (51% M/ 49% F)
mildly
hypercholesterolemic
subjects;

3G N=74, (3) US 3G/
N=71, (4) US 2G N=
77); .

inclusion criteria serum
total cholesterol con-
centrations between
200 to 280 mg/dL;
mean baseline total
cholesterol: 233120
mg/dL.

(1) Controk US reformu-

}:+lation of vegetable oit

" spread;

-} (2) EU 3G: 5.1 g/d stanol
((1) control N= 76, (2) EU'|

-esters (3g/d free) Euro-
ean-formulation of -
-vegetable oil spread;
3) US 3G: 5.1 g/d stanol;
esters (3 g/d free) US
reformulation of vege-
table oil spread:

4) US 2G: 3.4 g/d stanol

esters (2 g/d free) US
reformulation of vege-
~table oil spread
—in 24-9/d spread (three
8'g servings a day).
tanol source. wood.

Run-in period: 4 weeks: .
experimental period: 8.

weeks:

Dietary intakes

: Resuits

: Usual dietary habits
2maintained, but some

tep 1 diet, so back-
round diets varied, but
iet' composition ‘re-

otal fat (% TE): 32.8

* (6.8)

aturated fat (% TE): 9.8
3.0)

ﬁ‘ol'esterol (mg/d): 234
147) :

Percent change in cho-
festerol from baseline
to week 8.

Total-C

control: 0.5*

EU 3G: -4.7*

US 3G: -6.4*

Us 2G: -4.1*

LDL-C

control: 0.1*

EU 3G: -5.2"

Us 3G: -10.1*

Us 2G: -4.1*

HDL-C

control: 2.0

EU 3G: 0.0-

US 3G: 0.0

Us 2G: 0.0

*P < 0.001, relative to
baseline

Total-C (P < 0.001) and
LDL-C (F -0.02) levels
were signiticantly re-
duced in all 3 active-in-
gredient groups com-
pared with the placebo
group at all time points
during the ingredient
phase. (see figures in

paper for values)




‘Weststrate JA,
1998 (Ref. 67)

Randomized double-blind
crossover balanced in-
complete Latin square
design with 5 mar-

garines, 4 periods of

3.5 weeks.

N= 95 (100 enrolled= 50
M/ 50 F) but approxi-

mately 80 subjects for .

each margarine (in-
complete Latin square
design= 5 margarines
in four periods);
normocholesterciemic
and mildly hyperchal--
esterolemic subjects;
inclusion criteria at
baseline for total pla
ma cholesterol con-
centration: < 310 mg/
dL (baseline total cho
lesterol: mean 207
+41mg/dL).

(1) Control (Flora
_spread); )
‘(2) Plant stanol esters 4.8
g (27 g/d free);
3) Soybean sterol esters
:4.8 g/d (3:g/d free);

——T

g/dfree; - :

diree . .

consumption at lunch

replaced margarines
"habitually used.
Stanol source: wood.

(4) Ricebran sterols 1.6 . |
(5) Sheanut sterols 2.9 g/ |
—iri 30.g/d of margarine, -

and dinner; margarines

subject consumed 4
margarines for a peri
of 3.5 weeks each;:
wash-out period b
tween experimenta
periods- NR. = *!

Run-in of 5 days; each’

Volunteers were re-
quested 16 retain their
normal dietary pattern.
Dietary intake during
study,

Total fat (% TE)

control: 42

plant stanol esters:
41.8

soybean sterol esters:
41.5 '
cebran sterols: 41.4
sheanut:sterols: 41.3
‘Saturated fat (%TE)
control: 15.9

plant stanol esters:
162 . X
oybean sterol esters:
5.3

cebran sterols; 154
heanut:sterols: 16.9
holesterol (mg/d)
control: 233

'soybean sterol esters:
226

ricebran sterols. 233
¥ “'sheanut sterols: 227

-plant stanol esters: 243 |

Percent change in cho-
lesterol at end of 3.5
weeks, relative to con-
trol:

Total-C ‘
plant stanol esters:
-7.3* i
soybean sterol esters:
-8.3*
ricebran sterols: -1.1
sheanut sterols: -0.7 -

LDL-C -
plant stanol asters:
137
soybean sterol esters:
-13*
ricebran sterols: -1.5
sheanut sterols: -0.9

| HDL-C

plant stano! esters: 0.1
soybean sterol esters:
0.6 ‘

ricebran sterols: -1.3
sheanut sterols: -1.2

P <0.05

Niinikoski H, 1997

Rando: iized double-
blind. placebo-con-
trofled study.

N=24 (M/F)
normocholesterolemic
subjects (N=12 (4 M/8
F) control, N=12 11 m/8
F) sitostanol ester);
baseline serum totat
cholesterol: 197+38.7
mg/dL.

(1) Controf,

(2) Sitostanol ester 5.1 g/
d {3 g/d free);

—in 24 g of a RSO
based margarine o be
used on bread, in food
preparation and in bak-
ing in three 8 g por-
tions over the day.

Stanol source: NR.

No run-in period; experi-
mental period: 5
weeks. )

Subjects were advised to
replace normal dietary
fat for 5 weeks witn the
study margarine; the
amount and quality of
ingested fat were
planned to be

equal in both groups.

Dietary -intake during
Study:

_Total fat: NR

Saturated fat: NR

Cholesterol: NR

Cholesterol change from
baseline to 5 weeks.
(mg/dL).

Total-C

control; -11.6+19.4

sitostanol ester:
-31£19.4*

Non-HDL-C

control: -11.6+£19.4

sitostanol ester: -31+23"

HDL-C

control: -1.5 +6.6

sitostanol ester: -2.3+4.6

*P <0.05, relative to con-
trol



o

- Study

Design

TABLE 2.—PLANT STANOL ESTERS AND CHD (STUDIES ARE LISTED IN REVERSE CHRONGLOGICAL ORDER)—Continued

Popuiation

Plant stanol: dosefform

Duration

Denke MA., 1995
(Ret, 97)

Fixed sequence design
with three sequential

experimenta: periods.

N= 33 (M) moderate
hypercholesterolemic
subjects, total chcles-

terol concentration after,

run-in period: 239+29.

(1} Control (Step 1 Diet

- alone);

1 (2) Plant stanol 3 g/d +
Step 1 Diet;

3 Washout (Step 1 Duet

Malong) 4

—plant stanol was sus-

:pended in safflower oil

“and packed into gelatin

capsules, each capsule

contammg 250 mg

capsules per meal
subjects were to

during three meals);
plant stanols not -
- esterified.

- Stanol source: tall oil.

otal of 12 capsules (3 g)
in‘three divided doses; '

. Dietary intakes

Resuits

1 month run-in on Stepl-:
Diet; experimental per

ods: -3 months'in dura
tion; washout period:
month, -

Subjects were instructed
to follow a cholesterol-

ietary cholesterol was
estricted to- < 200 mg/
(Step | Diet).

istary intake (self-re-
ported intake):

otal:fat (%TE): 30
aturated fatty acrds
H{%TE): 10

Cholesterol, at end of
each period (mg/dL):

Total-C

control: 239129 )

plant stanof + Step | Diet:

238+31

washout: 244129

LoL-¢

control: 175426 o

plant stanol + Step | Diet:

172431

washout: 181+30

HDL-C

control: 39+11

-plant stanol + Step | Diet:

41x12

washout: 39£11

NS differences between
any period.




Miettinen TA, 1995
" {Ret. 89)

Randomized doubie-
blind, placebo-con-
trolled study.

N= 153 (42% M/ 58% F)

(1) Control margarine;
{N= 51 control mar-

.(2) Sitostanol ester 5.7 g/

garine, N=102 test d (3 g/d free) tor 1
margarine) mild :©year,
hypercholesterolemic - -“(3) Sitostanol ester 5.1 g/
subjects; inclusion cri-. | d(3 g/d free) fori6

teria: serum cholesterol -
concentration +216 m
dL.

~_months, followed by
sitostanol ester 3:4 g/d
{2 g/d free) for next 6

—in'24 g/d margarme

Actual intake of SItostanol;

. snostanol ‘ester. mfak ;

Run-in period: 6 weeks
experimental period:
year; after 6 months
the sitostanol-ester
group was randomiy
reassigned either to?
continue their intake o

~4.4 g/d of sitostanol

- ester (N=51) orto r

~-duce their.intake to 3.4
9/d (N= 51); subjects::

- .were not mformed 0

this change in

Dunng the study subjects

v ware advised to re-

~place 24 g per day of

- their normal dietary fat

with a margarine con-

taining RSO, according

to careful instructions

from a qualified nurse,

otherwise typical ad fib-

iturn: diet during study.

Dietary intake during
‘study.

Total fat (%TE)

control 34.9+0.9

4.4 g/d stanol ester: -

35.7:0.3 ‘

1g/d stanol ester:

34.8+0.9

Saturated fat (%TE)

control: 13.9+0.5

1+4.4 g/d stanol ester
14.440.4

3.1'g/d stanotl ester:

14.3+0.7

Cholesterol (mg/d)

control: 314127

4.4 g/d stanol esier:
340137

3.1°g/d stanol ester:

30820

B

Cholesterol concentration:
at 1 year (mg/dL):

Total-C

control: 237+4

4.4 g/d stanol nster:
210:4*

3.1 g/d stano!  ster:
214+4”

LDL-C -

control: 15714

4.4 g/d stanol ester:
13443

3.1 g/d stanol ester:
138+£3° ¢

HDL-C

“} control: 5442

4.4 g/d stanol ester: 5311

| 3.1.g/d stanol ester: 5812

*P < 0.001, relative to
baseline

" Mean change after 1 year

{mg/dL).
Total-C
control: -1
4.4 g/d stanol ester: -25°

- (difference -24 (95}% cl:

-17 to -32))

- LOL-C

control: -3
4.4 g/d stanol ester: -24*

(difference -21 (95% Ci:

-14 to -29))
HOL-C
control: 0.0
4.4 g/d stanol ester: 0.4
*P < 0.001, relative to
‘control




TABLE 2.—PLANT STANOL ESTERS AND CHD (STUDIES ARE LISTED IN REVERSE cHRoNdLoéchL ORDER)—Continued

Study

Design

Population

Plant stanol: dosefform

Duration

L Miettinen, T A,

" +.1894 {Ref. 63)
(same as;or par-
tiat study of

anhanen;HT, ;

Randomi: ed placebo-
controll xd, double-blind

©study.

N=31 (22 M/ 9 F) {con--
trol N= 8; sitosterol N=
9; sitostanol N= 7;
sitostanol ester N=7); .

hypercholasterolemic % {

subjects; inclusion cri-
teria at baseline for- .
total serum cholestero
concentration: > 232
mg/dL.

‘(1) RSO controt:

Dietary intakes

Results

(2) Sitosterot 0.7 g/d;

'(3)-Sitostanol 0.7 g/d;

{4} Sitostanol ester 1.36
9/d (0.8 g/d free)

—in 50 ¢/d of RSO may-

onnaise.

- Stanol source: NR,

6 week run-in period: 9
week study period

No dist changes other
thap:replacing 50 g of

. study for all subjects:

Total fat (g/d)

11419

Saturated fat (% of total
fi

Change in cholesterol
from end of run-in pe-
riod to end of 9 week
study perio (mg/dL):

Total-C

RSO control: 4.614.3

sitosterol: -7.7£5.0

sitostanol: -0.4x5.4
sitostanol ester: -7.4£3.11

LDL-C

RSO control: 3.1£4.3

sitostarol. -7.0+4.3

sitostanol: -1.214.6

sitostanol ester:
-7.7+£3.1%t

HDL-C -

RSO control: 2.3+1.2

sitosterol: 0.00+1.5

" sitostanol: 2.3+1.5

sitostanol ester: 2.3+£0.8*

*P < 0.05, "2lative to run-

in

1P < 0,05, iglative to

RSO control

o1



Vanhanen HT,
1994 (Ref. 94)

Randomized double-
blind, placebo-con-
trofled study.

N= 15 (11M/ 4 F) mildly
hypercholesterolemic
subjects (N= 8 control
group,

N= 7 sitostanol group);
serum cholesterol se-
lection criteria > 232
mg/dL.

(1) Control (RSO may-
onnaise);

(2) Sitostanol ester 1.36
9/d (0.8 g/d free);

- (3) Sitostanol ester 3.4 g/

(2 g/d free)
—in-50 g/d of RSO may-
onnaise, . -

- Stanol source; NR.

Run-in period: 6 weeks::
experimental period: 15
weeks; lower dose -
sitostanol for 9 week
followed by higher.
dose sitostanol for 6
weeks. S

. their usual dietary fat

by 50 g of RSO may-
~onnaise, otherwise
“usual diet.

in period (reported to

mental period):
ToIal fat (g/a):

control group: NR
sitostanol group: NR
Cholesterol (mg/day):

: control group: 321
sitostanol group: 265

zSubjects replaced 50 g of

Dletary intake during run-

be similar to the experi-

Cholesterol change from
baseline (mg/aL.).
Total-C
control: 55
1.36 g/d: -7.4+3.1¢
control: 8.1+5.4
3.4 g/d:-11.2
3.5%¢ )
LDL-C

“control: 3.1:4.6

1.36 g/d: -7.743.1*

- control: 5.815.4:
- 3.4 g/d: -15.1£2.7"¢

HDL-C .

control: 2.3+1.2

1.36 g/d: 2.340.8

- control: 0.8+1.9
3.4 g/d: 2.7£1.5
- Percent change, relative

to control:

~Total-C

1.36 g/d: -4.1%:3

3.4 g/d: -9.3%%

- TLOL-C

+1.36 g/d: -10.3%
3.4 g/d: -15.2%¢

- HDL-C

- 1.36 g/d: 0.5%

‘3.4 g/d: 0%

-*P < 0.05, relative to

baseline

4P < 0.05, relative to con-

trol

- Blomquist SM,-

~ 1993 (Ref. 81)
:(same as
Vanhanen HT,
.1993 (Ref. 82))

Randomized double-
blind, placebo-con-
trolled study.

N= 67 (47 MW/ 20 F) mod-
erately
hypercholesterolemic
subjects (N= 66 in
Tables: control N=32;
sitostano! ester N=34):
plasma cholesterol :
concentration at base-
line: 246 + 33 mg/dL..

(1) Control (RSO may-
onnaise);

(2) Sitostanol ester 5.8 g/
d (3.4 g/d free)

—in 50 g RSO may-
onnaise,

Stanol source: NR.

Run-in period: 4 weeks;
experimental period: 6

~ daily fat intake with 50
weeks.

a second 7-day diet
record performed dur-
_ing the experimental
~~period indicated that
.- diet composition was
similar to that during
.} the run-in period.
; Dletary intake during the
stangardization period
(run-in):
Total fat (% TE): 37
Saturated fat (% TE): 12
_Cholesterol (mg/d): 270

Subjects replaced 50 g of

g of RSO mayonnaise;

Cholesterol after 6 weeks -

{mg/dL):
Total-C
control: 225+27 .
sitostanol ester: 209134
LDL-C
control: 134+18
sitostanol ester: 124+32¢
HDL-C
control: 53111
sitostanol ester: 51£12*
1P < 0.01; * P < 0.001,
relative to control

1



Study

TABLE 2.—PLANT STANOL ESTERS AND CHD (STUDIES ARE LISTED IN REVERSE CHRONOLOGICAL ORDER)—Continued

Design

Population

Plant stanol: dose/form

Duration

# Vanhanen HT,
1993 (Ret: 82)
same as Bl_omqwst

PRandomized double-
. blind, placebo-con-
trolled study.

N= 67 (47 M/ 20 F) mod-
erately .
hypercholesterolemm
subjects; (control &
sitostanol ester N=34):
serum cholestero! se-
lection criteria > 232
mg/di.

+=33; |

(1) Control (RSO may-

. onnaise); .

-{(2) Sitostanol ester 5.8 g/
d(3.4 g/d free)

—in'50 g RSO may-

-, onnaise.

Stanol source:NR.

Dietary intakes

Results

Run-in period: 4 weeks;

experimental penod 6’
weeks.

. Subjecté replaced 50 g of

daily fat intake with 50
:of RSO mayonnaise;
'second 7-day diet

ecord performed dur-
 the experimental
period indicated that
iet composition was
‘similar to that during

© run-in period.

tary intake during the
'standardization period
{run-in);

otabfat (% TE): 37
aturated fat (% TE): 12
holesterof (mg/d): 270 .

Cholesterol change from

dL):

Total-C
control: -2.7+2.3 (225)
itostanol ester: -17.0+2.3*
- (209)

LpL-C
control; -1.5:2.7 (142)
- sitostanol ester:
-14.3+2.3" {130).
- HDL-C :
- control: -1.240.8 (53)
 sitostanol ester: -1.2+0.8
- (52) .
' *P < 0.05, relative to con-
- trol

baseline period, mg/dL
{cholesterol concentra- -
tion at 6 weeks in mg/

Vanhanen HT,
1992 (Ref. 64)
(same.as or par-
tial study of
Miettinen, TA,
1994 (Ref. 63))

Placebo-controlled, ran-
domized double blind
study.

N=24 (M and F) (contro!

group N= 8; sitosterol
group N= 9; sitostanol
group N=7)
hypercholesterolemic
individuals (serum cho-
lesterol > 232 mg/dL).

(1) RSO controt:

(2) Sitosterol: 0.625 or
0.722 g/d,

(3) Sitostanol: 0.630 g/d

—in 50 g/d of RSO may-
onnaise; plant sterols/
stanols are not
esterified,

Stanol source: rapeseed
oil. - .

6 week run-in on RSO

spread; 9 week period.

On average 50 g of visi-
ble dietary fat as but-
ter, margarine, milk fat,
sausages and cheeses

spread.
Dietary intake during
study.
Total fat: NR
Saturated fat: NR
Cholesterol: NR

was replaced by the fat

Percent change in cho-
lesterol at end of 9
week studv period, rel-
ative to control:

Total-C

sitosterol group: -7.6(NS)

sitostanol group: -9.7(NS)

At end of study {mg/dL):

Total-C

control: 239+10

sitostero! group: 22113

sitostanol group: 21649

ali NS

LDL-C: NR

HDL~C: NR

(4!



‘Table 2.—Plant Stanol Esters and CHD—continued

Acronyms and Abbreviations Used in Table

d day
dlv deciliter
Cl confidence interval

EU European

“EU 3G Europeanu34grams

M male

me milgon

olesterol Education Program

'NR_not reported
NS not statrspxcally significant

% percent

P probablhty of type I error
TE total energy |

Total—-Cserum total cholesterol Iei/él
RSO rapeseed 011 (or canola 011)

UsS - Umted States

US 2G. Unitﬁéﬁ Stafé"‘s‘/,"“z”‘“}gr‘é‘ﬁas

ng margarine
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