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Over the last several decades, Ameri-
cans have heard the message to
reduce total fat intake from several

venues: The Federal Government, in the
form of the Dietary Guidelines for Americans
(1), the U.S. Department of Agricultures
Food Guide Pyramid (2), and Healthy People
2000 goals (3). Lowering fat consumption
has also been encouraged by several health
associations, including the American Dia-
betes Association (ADA) (4,5). The 1994
ADA Position Statement "Nutrition Rec-
ommendations and Principles for People
With Diabetes Mellitus" (4) recommends
reducing saturated fat to <10% of total
daily calories, consuming up to 10% of fat
from polyunsaturated fats, and using the
remainder of fat as monounsaturates.

General health and diabetes-specific
nutrition messages regarding dietary fat have
created consumer demand for good-tasting
lower-fat foods. Today, food manufacturers
can meet these demands because there are
now more ingredients that replace fat in
foods. The availability of fat replacers has led
to the explosion of fat-free, cholesterol-free,
low-fat, light, and reduced-calorie products,
such as salad dressings, mayonnaise, sour
cream, frozen desserts, baked goods, and
snack foods. These foods are no longer only
available in supermarkets, they are also used
in restaurants and institutional food services.
Increasing sales indicate consumer interest
in this category of foods. According to a
1996 national survey, 90 percent of all
women and 87 percent of all men (ages 18
and over) in the U.S. consume reduced-fat

foods and beverages (Calorie Control Coun-
cil, unpublished survey). The survey indi-
cates that the most popular reduced-fat
products are low-fat or skim milk and salad
dressings, sauces, and mayonnaise. Other
popular products are reduced-fat cheese,
yogurt, sour cream, margarine, and ice
cream and other frozen desserts.

In self-reported data, the top five rea-
sons consumers give for eating reduced-fat
foods and beverages are health related: to
stay in better overall health (mentioned by
79%), to reduce fat (69%), to eat or drink
healthier foods and beverages (68%), to
reduce cholesterol (60%), and to reduce
calorie intake (55%). Consumers ranked
to maintain current weight (54%) and to
maintain an attractive physical appearance
(52%) lower (Calorie Control Council,
unpublished survey).

Goals of this review
The critical question is not whether people
with diabetes eat foods with fat replacers,
but how they integrate these foods into
their food choices. This technical review
attempts to answer this question. Recom-
mendations based on this review are
found in this issue in the American Dia-
betes Association Position Statement "The
Role of Fat Replacers in Diabetes Medical
Nutrition Therapy" (7).

This technical review presents infor-
mation on:

• Role of fat in human nutrition and in
food formulation
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• Broad categories and specific characteris-
tics of existing and future fat replacers

• Safety questions and the Food and Drug
Administration (FDA) regulatory review
process for fat replacers

• Research on the risk and/or health and
nutrition benefits of the use of foods
with fat replacers on both general
health and diabetes

• Future research needs

FAR THE NUTRIENT IN
HUMAN NUTRITION— Fat is the
most concentrated source of energy in the
diet, providing 9 kcal/g compared with 4
kcal/g from carbohydrate and protein.
Dietary fat supplies the two essential fatty
acids, linoleic and linolenic acid, for adults
(8). Fat is also required for maintenance of
healthy skin, regulation of cholesterol
metabolism, and as a precursor to
prostaglandins. Dietary fat is needed to
carry fat-soluble vitamins A, D, E, and K
and to aid in their absorption from the
intestine. Fat and other sources of excess
calories not used for immediate energy
needs are stored as fat in various tissues for
future energy needs. Fat deposits also
insulate the body and support and cush-
ion organs.

Fats have relatively more carbon and
hydrogen and less oxygen than carbohy-
drates, thus supplying the higher fuel
value of 9 kcal/g. Fats are known chemi-
cally as triglycerides, three fatty acid mol-
ecules esterified to one glycerol molecule.
Fatty acids are generally classified as satu-
rated, monounsaturated, or polyunsatu-
rated, depending on the number of dou-
ble bonds present in the molecule. The
more double bonds, the less saturated the
fat. Foods with fat contain both saturated
and unsaturated fatty acids. In general,
fats that contain a majority of saturated
fatty acids are solid at room temperature,
and fats that contain mostly unsaturated
fatty acids are liquid at room temperature
(oils). Technically, cholesterol is not a fat,
but rather a fat-like substance classified
as a lipid, and is found only in animal
products.
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FAT IN FOOD AND FOOD
FORMULATION — Fats contribute
many valuable properties to foods: sensory
(taste and smell) and textural properties
and satiety value. Fats contribute mouth-
feel, creamy texture, richness, aroma pre-
cursors, and flavor retention. Fats make
critical contributions to the palatability
and functionality of many foods. To the
consumer, the most highly regarded quali-
ties of fat in many food formulations are
flavor, taste, texture, and sensory appeal.

Although it is the flavors carried by
fats that people savor, fats are also impor-
tant in many food formulations. Fats ten-
derize, aerate doughs or batters, serve as
heating and frying media, act as separating
agents, emulsify, control viscosity, provide
smooth textures, stabilize foams, provide
structure, improve moisture retention
(humectency), and act as carriers for pig-
ments and vitamins. Fat replacers have
selected qualities of fat and must have
comparable functional attributes for use in
normal food processing to guarantee a
desirable food (9). Different fat replacers
are used for different applications and
qualities in foods. In some instances, to
develop a lower-fat product, manufactur-
ers must totally reformulate a traditional
food. It is not simply a matter of removing
the fat and substituting fat replacers. For
some fat replacers, such as olestra, the fat
replacer can directly replace the full-calo-
rie fat in foods.

FAT CONSUMPTION — Approxi-
mately 90% of dietary fats are contributed
by three food groups: fats and oils; meat,
poultry, and fish; and dairy products
(10). According to national food con-
sumption data, total fat and saturated fat
intake has gradually decreased from 36
and 13% of calories, respectively, in 1978
(11) to 34 and 12% of calories, respec-
tively, in 1990 (12).

To reduce fat consumption to the rec-
ommended 30% of calories or less, as sug-
gested in the 1995 Dietary Guidelines for
Americans (1,3), can be challenging. It
requires changes in food choices and
preparation methods, selection of specially
manufactured low-fat foods, and decreases
in the use of some ethnic and/or favorite
foods. Kristal et al. (13) have shown that
reducing fat consumption can be accom-
plished by motivated individuals. Interest-
ingly, they suggested that it was easier for
subjects to maintain the dietary change of

substituting specially manufactured low-
fat foods than that of changing behaviors
to avoid fats as flavorings and limit meat.
However, they found that reducing the use
of fat as a flavoring made more substantial
contributions to total fat reduction.

FAT REPLACERS: GENERAL
TERMINOLOGY— Fat replacers,
sometimes referred to as fat substitutes or
fat replacements, are ingredients that mimic
some of the roles of fat in food processing.
In theory, their use in foods would allow
individuals to reduce their intake of high-
fat foods and consume reduced-fat formu-
lations of familiar foods, while preserving
similar food selection and taste preferences.

The ideal fat replacer is a safe com-
pound consumed with no health risks. It
has all the functional and organoleptic
properties of fat (taste and appearance char-
acteristics such as richness, flakiness, and
sheen) with significantly fewer calories than
fat. To date, no one ingredient is an ideal fat
replacer that can serve the many functions
of fat in all food and beverages. Thus, fat
replacers are often used in foods in combi-
nation, each for its beneficial attribute. Fat
replacers can be specially designed for use
in a particular food. Emerging food tech-
nologies as well as consumer demand will
contribute to the increase in numbers and
types of fat replacers developed over the
next 5-10 years.

Generally, fat-replacer ingredients
appear on the food products ingredient
list with their common, generic, or usual
name, not their brand name. Brand names
are used more frequently to identify fat-
replacer ingredients sold by ingredient
manufacturers to food processors. Con-
sumers have become familiar with words
such as dextrins, modified food or corn
starch, polydextrose, xanthan, and guar
gum, but many do not realize these ingre-
dients are fat replacers.

CATEGORIES OF FAT
REPLACERS — Fat replacers are classi-
fied into three general categories: carbohy-
drate-based, protein-based, and fat-based.
Table 1 provides the categories of fat replac-
ers and some sample product names and
describes how they are listed on the ingre-
dient list. To date, most fat replacers avail-
able to food manufacturers are carbohy-
drate-based. These have received FDA
approval and/or have been available to food

manufacturers as generally recognized as
safe (GRAS) substances. The number of
protein- and fat-based fat replacers available
to date is minimal; however, it is predicted
that the development of new ingredients in
the next few decades will be in these cate-
gories (14). Two other reviews of fat replac-
ers exist in the diabetes literature (15,16).

Carbohydrate-based
Carbohydrate-based fat replacers can be
divided into subcategories: carbohydrate
polymers; hydrocolloids; and polyols, also
called sugar alcohols or bulking ingredi-
ents (17).
Carbohydrate polymers. This subdivi-
sion consists of modified food starches,
dextrins, and maltodextrins. They are cre-
ated from cereals, grains, and/or starches,
such as corn, potato, and tapioca. Polydex-
trose is also included in this category. These
polymers hold three times their weight in
water, enabling them to add a "thickness"
to a product. Through refining processes,
polymers become modified food starches.
The modifying process, or restructuring, is
such that polymers can be produced that
provide specific attributes, e.g., anti-staling
for baked goods. When these carbohydrate
polymer-based fat replacers are used in
foods, more liquid needs to be added. A
gelling reaction occurs that provides a
thick, creamy mouth-feel.
Hydrocolloids. Gums, gels, and fibers fall
into the subcategory of carbohydrate-
based hydrocolloids. They are also used to
provide thickness in a variety of foods. In
addition, hydrocolloids allow manufactur-
ers to replace fat by stabilizing, emulsify-
ing, and/or providing structure to foods.
With the increased interest in reduced-fat
foods, their use has expanded. Some prod-
ucts, like pectin and (bran) fiber can be
bought at grocery stores as ingredients and
used in prepared foods.

Two common foods, applesauce and
pureed prunes, have been promoted by
companies and trade associations as ingre-
dients that can substitute for fat. Con-
sumers have been encouraged to use these
ingredients in place of fat to add bulk and
flavor in baking (18).
Polyols (also called sugar alcohols)/bulk-
ing ingredients. This subdivision includes
ingredients that provide bulk or volume to
foods. Sorbitol, isomalt, lactitol, maltitol,
mannitol, xylitol, and hydrogenated starch
hydrolysates, such as maltitol syrup, are
familiar examples of these ingredients.
People with diabetes and diabetes health

DIABETES CARE, VOLUME 19, NUMBER 11, NOVEMBER 1996 1295

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/19/11/1294/444588/19-11-1294.pdf by guest on 19 M

ay 2023



Technical Review

Table 1—Fat replacers: how to identify, their use in foods, and regulatory status*

Category of
fat replacer

Carbohydrate-based
Polymers

Hydrocolloids
Gums, gels,
and fibers

Polyols (sugar
alcohols)/
bulking
ingredients

Protein-based

Fat-based

Examples of
trade names

Maltrin, Lycadex
Paselli Excell, Stellar,

N-Oil, Sta-Slim,
Oatrim

Slendid, Viscarin,
Sactarin, Gelcarin,

Fibrex, Avicel, Novagel,
Rohodigel, Uniguar,

Pycol, Jaquar

Lycasin, Hystar,
Neosor, Litesse,

Sta-Lite

Simplesse, K-Blazer,
I.ita, Dairy-lo,

Veri-lo

Caprenin, Olean,
Salatrim, emulsifiers

(e.g., polyglycerolesters)

Examples of how
identified on food label

Maltodextrin, corn
syrup solid, hydrolyzed
corn starch, modified

food starch, polydextrose

Pectin, carrageenan,
sugar beet fiber or

powder, cellulose gel,
locus bean gum,

xanthan gum, guar gum

Hydrogenated starch
hydrolysate (HSH),

hydrogenated glucose
syrup, sorbitol, maltitol

syrup, polydextrose

Microparticulated egg
white and milk protein,

whey protein
concentrate

Caprenin, olestra;
others being developed

not yet determined
as to listing

Types of
foods used in

Frozen desserts, cheese,
baked goods, sauces,
dressings, sour cream,
yogurt, baked bread,

meats and poultry
1

Yogurt, sour cream,
salad dressings, bakery

products, frozen
desserts, cheese
spreads, sauces

Baked goods, confections,
chewing gum, frozen dairy

desserts, gelatins, puddings,
sauces, salad dressings,
meat-based products

Cheese, butter,
mayonnaise, salad

dressings, sour cream,
bakery products, spreads

Salatrim—chocolate and
confections, cookies

and crackers
Olestra—savory snack

foods (e.g., chips)
and crackers

Examples of role
in foods and

calorie content

Gelling, thickening,
stabilizing, increasing
shelf-life, anti-staling;
adds creaminess and

texture; decreases calories

Regulatory
status

GRAS approval

kcal/g when hydrated in product

Binds water,
texturizer, thickener,
stabilizer, provides
mouth-feel of fat;
decreases calories

0-0.5 kcal/g

Adds bulk, aids in
retaining moisture,
texturizer, lowers

freezing point, inhibits
crystallization, decreases
calories compared to fat

1-4 kcal/g

Provides mouth-feel of
fat, cannot be used in
fried foods, 1.3 kcal/g,

ingredients being developed
may have higher calories

Acts very similar to
"fat," provides creamy texture;
Caprenin and Salatrim have

5 kcal/g because of decreased
absorption; Olestra has 0 kcal/g

because it is not absorbed

GRAS approval

GRAS approval;
polydextrose
approved as
food additive

GRAS approval

GRAS or food
additive
approval

F

This table does not represent a complete listing of all fat replacers available.

care providers are familiar with the use of
some of these ingredients because they are
also used in foods with low-calorie high-
intensity sweeteners such as acesulfame-k,
aspartame, and saccharin. Their bulking
properties replace the volume of sugar in
these foods.

Polyols are produced by modifying
carbohydrates, such as glucose, sucrose,
and starch-based syrups, through adding
hydrogen to the basic sugar. When the
parent compound is a starch-based syrup,
the resulting polyol is referred to as a
hydrogenated glucose syrup, or hydro-
genated starch hydrolysate (HSH) (19).
Characteristics of polyols, such as sweet-
ness, viscosity, and crystallization ten-
dency, vary depending on the structure of
the parent compound. Since the length of
the polymer chains in starch-based syrups
can be manipulated, it is possible to pro-
duce HSHs that exhibit characteristics tai-
lored for specific food applications.

Beyond bulk, polyols also provide tex-
ture and help retain product moisture

(humectency). They can be exposed to the
extreme heat of food processing and pro-
vide a range of sweet taste from 40 to 80%
of the sweetness of sucrose (20). Polyols
are only partially absorbed or metabolized,
resulting in a calorie contribution of <4
kcal/g. Table 1 provides calorie informa-
tion. As with other partially absorbed sub-
stances, polyols may have a potential laxa-
tive effect if consumed in excess. There are
specific labeling requirements to alert con-
sumers to the laxative effect of products
containing certain polyols (21).

Protein-based
The process of modifying protein to
replace fat is intriguing because protein,
like carbohydrate, contributes less than
half the calories of fat. Microparticulated
protein is the one approved protein-based
fat replacer and provides, as used, only 1.3
kcal/g. Its origin is either egg white or
whey protein. Microparticulated protein is
created by heating and blending (shear-
ing) protein at high temperatures to

develop microscopic particles that are said
to float over the tongue to provide the
creamy mouth-feel of fat. Several forms are
available for various food applications.

Microparticulated protein cannot be
used in fried or most baked foods because
the protein will coagulate and lose its
creaminess. However, a whey protein con-
centrate named Dairy-Lo (Cultor, New
York, NY) can be used in a few baked
products, an example is cheesecake. Indi-
viduals with egg and/or cows milk allergies
are likely to experience allergic reactions if
they eat foods that incorporate Simplesse
(NutraSweet, Deerfield, IL) (glycopro-
tein from egg and cow's milk) as a fat
replacer (22). Simplesse has received
GRAS approval for use in frozen desserts,
baked goods, sour cream, cheese, salad
dressings, and several other applications.
K-Blazer (Kraft, Memphis, TN) is another
protein-based fat replacer that can be used
under the same GRAS approvals as Simp-
lesse. Other protein-based fat replacers are
under development (17).
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Fat-based
Emulsifiers produced by replacing the
triglycerides in vegetables oils, such as
mono- and diglycerides and polysorbate,
have been used in foods for many years.
Their use allows manufacturers to reduce
fat and calorie content while retaining
moisture and adding air to increase prod-
uct volume. They are commonly used in
reduced-fat and fat-free baked goods (17).

The design of other fat-based ingredi-
ents to replace fat is slowly emerging. The
goal is to modify a fat to minimize the
calories per gram while retaining creami-
ness and richness. Two reduced-calorie
fat-based fat replacers, Caprenin (Procter
& Gamble, Cincinnati, OH) and Salatrim
(Cultor), are available. They are currently
being marketed as they undergo GRAS
status review. Caprenin is categorized as a
reduced-calorie triglyceride that contains
three molecules of fatty acids, caprylic,
capric, and behenic acid, esterified to one
glyeerol molecule (23). Because the
behenic acid is only partially absorbed,
Caprenin contributes 5 kcal/g. Salatrim, a
reduced-calorie fat, is a triacylglycerol
composed of glycerol plus acetic, propi-
onic, and butyric acids (short-chain fatty
acids) and stearic acid (a long-chain fatty
acid). It is only partially absorbed, and the
caloric value is 5 kcal/g.

Another product, olestra, the generic
name for a preparation of sucrose poly-
esters, received FDA approval as a food
additive 24 January 1996 (24). In Novem-
ber 1995, prior to FDA approval, FDA
sought additional advice about olestra from
outside experts, the members of its Food
Advisory Committee. They concluded that
the data on olestra met the FDA safety stan-
dard of reasonable certainty of no harm and
that the proposed use of olestra would be
safe for the general public.

Olestra is in foods sold under the
brand name Olean (Procter & Gamble).
Olestra has a sucrose core with six to eight
fatty-acid side chains, making it too large
to be hydrolyzed by the enzymes in the
digestive tract. Therefore, it is unabsorbed
and provides no calories. Olestra was
approved to be used in place of fats and
oils in prepackaged ready-to-eat savory
(not sweet) snacks such as potato, corn,
and tortilla chips and crackers. In these
foods, olestra can be used in place of fats
and oils for frying or baking, in dough
conditioners, in sprays, in filling ingredi-
ents, or in flavors. Olestra can replace 100
percent of the fat in these foods. Use in

additional foods requires the filing and
approval of a new food additive petition.
To compensate for any interference with
the absorption of fat-soluble vitamins,
products with olestra will have fat-soluble
vitamins A, D, E, and K added in quanti-
ties specified in the FDA approval (24).

The FDA approval for olestra requires
that products with olestra have an infor-
mation label designating that the product
contains olestra as follows:

This product contains Olestra. Olestra may
cause abdominal cramping and loose stools.
Olestra inhibits the absorption of some vita-
mins and other nutrients. Vitamins A, D, E,
and K have been added.

Within 30 months of the date of
approval, approximately July 1998, FDA
will present information received after
approval and seek advice that continues to
assure the American public that there is
reasonable certainty of no harm. The man-
ufacturer must conduct postmarketing
monitoring of olestra consumption levels,
as has been required with some other food
additives such as aspartame, and addi-
tional studies and report these to the FDA.

Several other fat-based fat replacers
are in development stages: esterified
propoxylated glycerols (EPGs), dialkyl
dihexadicyclomalonate (DDM), and tri-
alkoxytricarballylate (TATCA) (25). They
all would be classified as food additives
and would require FDA approval as such.

RISKS AND/OR HEALTH AND
NUTRITION BENEFITS FROM
FAT REPLACERS— Before recom-
mending the use of foods with fat replac-
ers, it is important to explore their risks
and/or health and nutrition benefits. Sev-
eral questions must be answered: Are fat
replacers safe? Are there health and nutri-
tion risks or benefits? Are there benefits for
improving adherence to a nutrition plan?

Are fat replacers safe?
Two methods of evaluating and regulating
fat replacer safety are under the jurisdiction
of and enforced by the FDA. The public
can be assured of the safety of fat replacers
because of these regulations. Regulations
concerning the approval of fat replacers
have evolved over the last century.

Fat replacers are regulated under two
FDA approval categories, substances gen-
erally recognized as safe (GRAS) and food

additives. Table 1 provides information on
FDA approval status. GRAS substances are
defined as those that are created from com-
mon food components and generally rec-
ognized by scientific experts or by scien-
tific procedures and history as safe under
conditions of intended use. In 1958, when
the GRAS category was established, GRAS
substances were exempted from the food
additive approval process (26). Examples
of substances categorized as GRAS in 1958
were salt, sugar, and many spices. Since
1958, many new GRAS substances have
been approved, including many tat re plat-
ers. Today, GRAS substances continue to be
products developed from common food
ingredients, such as Simplesse, which is
created from whey or egg protein.

There are two approaches that may be
used to establish a substance as GRAS. The
first is through a manufacturers self-deter-
mination of the substance as GRAS; the
other is through petitioning the FDA to
affirm the substance as GRAS. GRAS self-
determination and GRAS petitioning may
be sought simultaneously.

At present, GRAS self-determination is
the most common approach used. In
either approach, the GRAS nature of the
substance can be established by demon-
stration that the substance has a long his-
tory of safe use in the food supply or
through the review by an independent
panel of experts of extensive scientific data
supporting the safety of the substance for
its intended use. In the self-determined
approach, if the expert panel finds the
ingredient safe, FDA allows the manufac-
turer of the ingredient to sell the ingredi-
ent to food producers. However, FDA
retains the authority to disagree with the
expert evaluation.

If the manufacturer seeks to have the
FDA affirm their determination that a sub-
stance is GRAS, a petition containing the
information supporting that determination
may be submitted to the FDA. The F'DA
will evaluate the petition and may or may
not issue a regulation affirming the sub-
stance as GRAS. However, based on histor-
ical evidence, the probability is exceedingly
low that FDA will not affirm an ingredient
as GRAS after the initial acceptance of the
GRAS affirmation petition.

The GRAS affirmation petition may
seek approval of the substance limited to
specific food and beverage categories. If the
manufacturer later seeks to have FDA
affirm additional uses, beyond those ini-
tially approved, the manufacturers must file
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additional FDA petitions. Today, the major-
ity of fat replacers that are carbohydrate- or
protein-based are GRAS substances. There
is published safety data on many of the
GRAS substances. FDA now requires that
safety data be in the public domain for sub-
stances self-affirmed as GRAS.

Food additives are ingredients not pre-
viously found in the food supply Unlike
the affirmation of GRAS ingredients, food
additives cannot be marketed or used in
foods until they receive FDA approval. A
food additive is further defined as a sub-
stance whose intended use "results or may
reasonably be expected to result, directly
or indirectly, in its becoming a component
or otherwise affecting the characteristics of
any food" (27). There are both intentional
and incidental food additives. Ingredients,
such as some fat replacers, are considered
intentional additives. Intentional additives
are intended to perform specific functions
in the food. Incidental food additives are
defined as those having no function in the
finished product but being added to the
food through some phase of production,
processing, storage, or packaging. The
Food Additive Amendments of 1958 stipu-
late that no new substance may be added
before the manufacturer determines rea-
sonable certainty of no harm and before
the FDA approves its use (28). At present,
only the manufacturer of olestra has sought
and received food additive approval for a
fat-based fat replacer.

Review of safety literature
Because the majority of fat replacers
approved for use by the FDA have been
GRAS substances, created from common
food components (carbohydrate or pro-
tein), there has been minimal requirement
for safety testing. Since sucrose polyester
(olestra) is a food additive, more research
was required as part of the food additive
petition. Consequently, most published
safety studies on fat replacers have been
conducted with olestra. These studies
address the potential for toxicity and the
potential of olestra to affect the structure
and function of the gastrointestinal tract
and the effects it might have on digestion
and absorption of drugs or other nutrients
(e.g., fat-soluble vitamins and fat-soluble
drugs) (29).

Clinical testing has shown that olestra
has no significant effect on gastric empty-
ing and gastrointestinal transit. For exam-
ple, substitution of up to 30 g of olestra in
a 45 g fat meal did not significantly alter

gastrointestinal transit in healthy humans
(30). Further testing has shown that
olestra is not metabolized by colonic
microflora (31), nor does it alter the fer-
mentation of other substrates by
microflora in the colon.

The literature indicates mixed results
for the absorption of fat-soluble vitamins
when olestra is consumed. It is important
to note that olestra in food can only affect
the uptake of fat-soluble vitamins from the
digestive tract when other foods contain-
ing these vitamins are eaten at the same
time. Olestra has no impact on the absorp-
tion of vitamin K (32). Twenty grams per
day of olestra did not adversely affect vita-
min D status because cutaneous cholecal-
ciferol synthesis, a major factor controlling
vitamin D status, is unaffected by olestra
(33). When olestra was ingested at daily
intakes substantially greater (18 and 20
g/day) than would occur if olestra were
used in savory snack foods (3 g mean
intake and 7 g at the 90th percentile
intake), plasma vitamin A levels decreased
by 10% and vitamin E levels by 19-21%
compared with baseline levels in normal
and hypercholesterolemic subjects (34,
35). At the projected intakes of olestra
occurring from consumption of fat-free
snack foods made from olestra, the effect
of this fat replacer on the status of vitamins
A and E is within that of normal daily vari-
ations in dietary intake. However, to offset
these small effects, the manufacturers of
foods with olestra will be required to add
fat-soluble vitamins (A, D, E, and K) in
amounts specified in the FDA approval.
The required labels on foods with olestra
will inform consumers that these vitamins
have been added. (24).

Westrate and van het Hof (36) found
that providing healthy subjects with realis-
tic doses of sucrose polyester (3 g/day)
reduced plasma concentrations of beta
carotene significantly (20%) as well as
caused substantial reductions in plasma
levels of other carotenoids. Since the evi-
dence for the health effects of carotenoids
is not clearly defined, whether or not this
evidence represents a health risk is
unknown. When addressing this issue, the
majority of the FDA's group of experts
from its Food Advisory Committee felt
there was "reasonable certainty of no
harm" and so recommended FDA
approval of olestra.

While olestra is nonabsorbable and
lipophilic, it does not appear to have an
effect on absorption and efficacy of

lipophilic drugs. Eighteen grams per day
of olestra versus placebo did not affect the
absorption/efficacy of an oral contracep-
tive agent (37). Also, there was no signifi-
cant difference in bioavailability of several
lipophilic drugs (including propranolol
and diazepam) when 18 g of olestra intake
per day was compared to intake of a soy-
bean oil or water (37).

Only poly dextrose, an FDA-approved
food additive, which is partially fermented
in the colon, has been tested to determine
gastrointestinal "safety." Achour et al. (39)
found that colonic flora did not adapt to
prolonged administration (6 weeks) of 30
g of polydextrose per day, and tolerance to
these high doses was excellent.

Thus, it appears from both the scien-
tific literature and the FDA review process
that fat replacers available on the market to
date are safe. As new fat replacers are devel-
oped, the GRAS or food additive petition
process ensures that their safety is properly
evaluated and availability regulated.

Health and nutrition benefits of fat
replacers
The next question is whether or not there
are health and nutrition benefits and/or
improved dietary adherence. Beaton et al.
(40) describe three ways people may use
foods with fat replacers:

1. The food could be consumed as an
"extra" rather than as a replacement
for a usual food in the diet.

2. The food could be consumed con-
sciously as a person attempts to mod-
ify his/her intake of fat.

3. A person knows that the food has fat
replacers, but does not have strong
personal motivation to restrict fat
intake. Therefore, the food may or
may not be used based on other cir-
cumstances such as taste, cost, avail-
ability, etc.

There is limited research on the
impact of fat replacers on dietary adher-
ence to improve health and nutrition indi-
cators such as blood cholesterol. Even less
research exists on the use and benefits of
fat replacers in diabetes. As with safety, the
majority of research has been conducted
with olestra. Details of research studies
conducted to date follow.
Improving health. Several reports involv-
ing olestra/sucrose polyester focused on
lipid metabolism. Studies were conducted
with healthy individuals (34,35,41-43)
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and individuals with hypercholesterolemia
(41-44). In some of the studies, diets were
hypocaloric (41,43,45,46), and one study
(46) had a 30% dropout rate in each of the
two arms, thereby confounding results.

In general, results indicate that olestra
reduces LDL cholesterol in both normal
and hypercholesterolemic subjects
whether they are on high, moderate, or
essentially cholesterol-free diets. As
expected, there was more reduction in LDL
cholesterol when hypocaloric diets were
used than when isocaloric diets were used.
Glueck et al. (47) found that this hypocho-
lesterolemic effect of sucrose polyester
(olestra) appeared to be through reduction
of intestinal absorption of cholesterol, not
through effects on bile acid excretion.

In one study involving individuals
with diabetes, Grundy et al. (41) followed
six obese subjects with type II diabetes
(three who were hypertriglyceridemic) for
16-50 days. Within the setting of a meta-
bolic unit, they consumed liquid
hypocaloric diets, with 40% of the calories
being lard or up to 90 g/day of sucrose
polyester. Caloric restriction plus sucrose
polyester in individuals with normal serum
triglycerides resulted in a 20% decrease in
total cholesterol and a 26% decrease in
LDL cholesterol. For those three individu-
als with diabetes and high triglycerides, the
low-calorie diet, with or without sucrose
polyester, caused a marked decrease in
triglycerides but no uniform change in
LDL cholesterol.

The structure and function of olestra
has implications for cholesterol bioavail-
ability and metabolism. These factors may
cause the above effects, which would not
be expected for carbohydrate- or protein-
based fat replacers. Also, the levels of
olestra consumed in these studies were
higher than estimated intakes under the
recent FDA approval and above what
would currently be viewed as safe and
acceptable for the general public.

The annual incidence of cardiovascu-
lar disease is increased two to four times in
people with diabetes (48). If foods contain-
ing olestra reduced LDL cholesterol, they
would be advantageous. Since no studies
have been reported using other fat replac-
ers, no general conclusions can be made.

Energy and fat compensation
Authors of several short-term studies have
attempted to determine how individuals
compensate for covert caloric dilution of
foods using fat replacers. Three studies

involved sucrose polyester (45) or olestra
(49,50), and one study involved butter
aroma and maltodextrin (51). Generally,
these studies were conducted by providing
foods or their fat-diluted equivalents in a
meal and then monitoring food intake for a
short period of time (e.g., 24 h). Two stud-
ies involved healthy normal-weight adults
(50,51), one involved obese women (45),
and the other studied children aged 2-5
years (49). Settings ranged from a General
Clinical Research Center (45) to a food lab-
oratory where free-living subjects ate one
or more meals a day (49,51). As expected,
food intake monitoring was closely con-
trolled in the live-in facilities (45); other-
wise, a combination of food lab monitoring
and food records (50,51) and weighing of
all foods before meals and the remains after
meals (49) served as methods to monitor
food intake. Choice and/or quantity of
foods was limited in most studies, and
composition of the foods was almost
always covertly manipulated. The study by
Glueck and colleagues (45) contained a
potential confounder (subjects were
actively trying to lose weight), and
although subjects did not make up all of
the calories or fat when olestra replaced
some of the fat in the diet, fat and energy
composition could not be accurately
assessed. Results from the other three stud-
ies indicated that when fat in a meal was
reduced by the use of fat replacers (usually
olestra), subjects compensated for calories,
but they did not compensate entirely for
the missing fat. In other words, when sub-
jects were unaware of fat manipulation
(i.e., reducing fat by use of fat replacers),
over a short period of time they kept their
energy intake constant by increasing the
intake of carbohydrate (and protein), thus
reducing the percentage of fat in their diets.

A recent study by Gatenby et al. (52)
observed the effect of the use of reduced-fat
foods by normal-weight free-living subjects
for 6 weeks. A control group continued
their regular eating patterns during the
study. The experimental group was encour-
aged to use reduced-fat foods ad libitum in
place of the full-fat foods they usually ate.
Results showed that the experimental
group significantly reduced their fat intake
but increased their energy intake from pro-
tein and carbohydrate enough to create no
significant difference in total energy intake.
The experimental group did experience 1.1
kg of weight loss during the first 4 weeks of
the study The control group gained 0.4 kg.
The researchers concluded that using

reduced-fat foods as an isolated dietary
strategy for weight loss is limited.

At present, there is only indirect evi-
dence of the effect of longer-term and overt
use of fat replacers. A review of this topic
has been done by Miller and Rolls (53).

Beaton et al. (40) describe the use of a
unique U.S. Department of Agriculture
database containing energy and macronu-
trient intakes of several hundred people
over an entire year to predict the effects of
using fat replacers on dietary fat intake.
Their predictions include the assumption
that people will replace caloric deficit from
consumption of low-calorie foods with
normal food selections. Using this
assumption, the use of fat-based replaced
products with carbohydrate-based fat
replacers should result in a relative
increase in carbohydrate and protein
intake. The assumptions may not be what
happens in the caloric intake of free-living
people. Shide and Rolls (54) showed that
messages about the fat content of yogurt
influenced the energy intake in healthy
women who were not dieting.

For people with diabetes, the first
question is how glycemic response and
meal planning will be affected by specific
types of fat replacers and the second,
whether or not they will adjust their other
food choices. For example, reducing fat in
a manufactured food by using fat replacers
that are carbohydrate-based could have a
range of glycemic effects, depending on the
amount of the food consumed and the
digestion and absorption of the specific fat
replacer. If the fat replacer is not absorbed
or is only partially absorbed (for example,
polydextrose or polyols, including hydro-
genated starch hydrolysates), the glycemic
response would be less (53,55) than if the
fat replacer is a fully absorbed and digested
carbohydrate (for example, maltodextrin).
However, if people consume more food
containing the partially absorbed carbohy-
drate, there will likely be no difference. If
someone with diabetes reduces total fat
intake with a large number of reduced-fat
foods while keeping energy intake constant
by increasing carbohydrate and protein
intake, this change may necessitate a
change in therapeutic regimen.

SUMMARY — The scientific literature
demonstrates that fat replacers have a rea-
sonable certainty of no harm. Whether
they help produce desired health out-
comes, i.e., decreased risk of coronary
heart disease and certain types of cancer
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related to excess fat intake, weight reduc-
tion, changes in lipid profile, improved
glycemic control, etc., depends on how
individuals use these foods to change food
choices and eating behaviors. As Miller
and Rolls conclude,

. . . the use of fat-replaced foods alone should
not be expected to produce spontaneous
improvements in weight management. Such
improvements will still be dependent on long-
term behavioral changes that include not only
modifications in fat, but also modifications in
overall energy intake and increases in energy
expenditure. (53)

Though it has not been studied, one
may conjecture that encouraging people
with diabetes to use foods with fat replac-
ers to achieve nutrition management goals
requires sufficient education, continuous
counseling, and an individual's conscien-
tious commitment and readiness to
change food habits.

Future research questions
It is clear from this first technical review
on the use of fat replacers that many ques-
tions remain unanswered about the use
and effects of fat replacers in diabetes
management.

• Research should be conducted to eval-
uate the overt use of fat replacers by
people with diabetes. For example, are
foods made with various types of fat
replacers consumed as "extras" or in
larger portions than the regular food;
are foods with fat replacers being
appropriately substituted for other
foods or counted for in the meal plan?

• Applications research should be con-
ducted to determine the most appropri-
ate education and counseling methods
to incorporate the use of foods with fat
replacers into self-management training.

• Clients' knowledge of fat replacers
should be assessed.

• It should be assessed whether obese
individuals compensate energy intake
when using reduced-fat foods differ-
ently than normal-weight individuals,
or normal-weight adults differently than
children, or people with diabetes differ-
ently than people without diabetes.

• Clinical outcomes research should be
conducted to determine if the use of
fat replacers improves attainment of
diabetes management goals such as
decreased glycated hemoglobin and
LDL cholesterol.

References

1. U.S. Department of Agriculture, U.S.
Department of Health and Human Ser-
vices: Dietary Guidelines for Americans. 4th
ed. Washington, DC, U.S. Govt. Printing
Office, 1995 (Home and Garden Bulletin
no. 232)

2. U.S. Department of Agriculture, Human
Nutrition Information Service: USDA's
Food Guide Pyramid. Washington, DC, U.S.
Govt. Printing Office, 1992 (Home and
Garden Bulletin no. 249)

3. Department of Health and Human Ser-
vices: Healthy People 2000: National Health
Promotion and Disease Prevention Objectives.
Washington, DC, U.S. Govt. Printing
Office, 1990 (PHS publ. no. 91-50213)

4. American Diabetes Association: Nutrition
recommendations and principles for peo-
ple with diabetes mellitus (Position State-
ment). Diabetes Care 17:519-522,1994

5. American Diabetes Association: Nutrition
principles for the management of diabetes
and related complications and recommen-
dations (Technical Review). Diabetes Care
17:490-518, 1994

7. American Diabetes Association: Role of fat
replacers in diabetes medical nutrition
therapy (Position Statement). Diabetes
Care 19:1302-1303,1996

8. National Research Council: Recommended
Dietary Allowances. 10th ed. Washington
DC, National Academy Press, 1989

9. Best D: Getting more for less: the chal-
lenges of fat substitution. Prep Foods
160:72, 1991

10. Schneeman B: Fats in the diet: why and
where? Food Technol 40:115,1986

11. Carroll MD, Abraham, S, Dresser CM:
Dietary Intake Source Data: United States
1976-80. Washington, DC, U.S. Govt.
Printing Office, 1983 (National Center for
Health Statistics, Vital and Health Statistics
Series 11-no. 231, DHHS publ. no. [PHS]
83-1681)

12. Lenfant C, Ernst N: Daily dietary fat and
total food-energy intakes: third National
Health and Nutrition Examination Survey,
Phase 1, 1988-91. MMWR 43:116-117,
1994

13. Kristal AR, White E, Shattuck AL, Curry S,
Anderson GL, Fowler A, Urban N: Long-
term maintenance of a low-fat diet: dura-
bility of fat-related dietary habits in the
Women's Health Trial. J Am Diet Assoc
92:553-559, 1992

14. Franz MJ: Fat replacements: what is and
will be on the market? On the cutting
edge. Diabetes Care and Education Practice
Group Newsletter 12:8-10, 1991

15. Powers MA, Warshaw H: Fat replacers: a
wide range of choices. Diabetes Spectrum
5:72-84,1992

16. Warshaw H, Powers MA: Ingredients that
replace fat: their role in todays foods and

challenges in educating people with dia-
betes. Diabetes Educ 19:419-430,1993

17. Frye AM, Setser CS: Bulking agents and fat
substitutes. In Low-Calorie Foods Hand-
book. Altschul AM, Ed. New York, Marcel
Dekker, 1993, p. 211-251

18. The American Dietetic Association: Reduc-
ing the fat in baked goods: nutrition fact
sheet. J Am Diet Assoc 95,1995

19. Wheeler, M: Food bulking agents: on the
cutting edge. Diabetes Care and Education
Practice Group Newsletter 12:4-6, 1991

20. Bar A: Xylitol. In Alternative Sweeteners.
Nabors LO, Gelardi RC, Eds. New York,
Marcel Dekker, 1991

21. Food and Drug Administration, Depart-
ment of Health and Human Services: Man-
nitol, polydextrose, sorbitol. In Code of Fed-
eral Regulations (CFR). Washington, DC,
U.S. Government Printing Office, 1990

22. Sampson HA, Cooke SK: Food allergy and
the potential allergenicity-antigenicity of
microparticulated egg and cows milk pro-
teins. J Am Coll Nutr 9:410-417,1990

23. Webb DR, Sanders RA: Caprenin 1: diges-
tion, absorption and rearrangement in
thoracic duct-cannulated rats. J Am Coll
Toxicol 10:325, 1991

24. Food and Drug Administration, Depart-
ment of Health and Human Services:
Olestra. In Code oj Federal Regulations
(CFR). Washington, DC, U.S. Government
Printing Office, 1996

25. Fat substitute update. Food Technol 92-97,
1990

26. Middlekauff RD: Regulating the safety of
food. Food Technol 296-307, 1989

27. Middlekauff RD: Legalities concerning
food additives. Food Technol 42-48, 1974

28. Vanderveen JE: Regulation of low-calorie
foods. In Low-Calorie Foods Handbook.
Altschul AM, Ed. New York, Marcel
Dekker, 1993

29. Bergholz CM: Safety evaluation of olestra,
a nonabsorbed fat-like fat replacer. Crit
Rev Food Sci Nutr 32:141-146, 1992

30. Aggarwal AM, Camilleri M, Phillips SF,
Schlagheck TG, Brown ML, Thomforde
GM: Olestra, a nondigestible, nonab-
sorbable fat: effects on gastrointestinal and
colonic transit. Digest Dis Sci
38:1009-1014,1993

31. Neck BA, Schlaghect TG, Federle TW:
Inability of the human fecal microflora to
metabolize the nonabsorbable fat substi-
tute, olestra. J Industrial Microbiology
13:323-334, 1994

32. Jones DY, Koonsvitsky BP, Ebert ML, Jones
MB, Lin PYT, Will BH, Suttie JW: Vitamin
K status of free-living subjects consuming
olestra. Am] Clin Nutr 53:943-946, 1991

33. Jones DY, Miller KW, Koonsvitsky BP, Ebert
ML, Lin PYT, Jones MB, DeLuca HF: Serum
25-hydroxyvitamin D concentrations of
free-living subjects consuming olestra. Am
] Clin Nutr 53:1281-1287,1991

1300 DIABETES CARE, VOLUME 19, NUMBER 11, NOVEMBER 1996

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/19/11/1294/444588/19-11-1294.pdf by guest on 19 M

ay 2023



Technical Review

34. Fallat RW, Glueck CJ, Lutmer R, Mattson
FH: Short term study of sucrose polyester
a nonabsorbable fat-like material as a
dietary agent for lowering plasma choles-
terol. Am] Clin Nutr 29:1204-1215, 1976

35. Glueck CJ, Mattson FH, Jandacek RJ: The
lowering of plasma cholesterol by sucrose
polyester in subjects consuming diets with
800, 300, or less than 50 mg of cholesterol
per day Am] an Nutr 32:1636-1644,1979

36. Westrate JA, van het Hof KA: Sucrose
polyester and plasma carotenoid concen-
tration in healthy subjects. Am] Clin Nutr
62:591-597, 1995

37. Miller KW, Williams DS, Carter SB, Jones
MB, Mishell DR: The effect of olestra on
systematic levels of oral contraceptives.
Clin Pharmacol Ther 48:34-40, 1990

38. Roberts RJ, Leff RD: Influence of
absorbable and nonabsorbable lipids and
lipidlike substances on drug bioavailabil-
ity. Clin Pharmacol Ther 45:299-304,1989

39. Achour L, Flourie B, Briet F, Pellier P,
Marteau P, Rambaud JC: Gastrointestinal
effects and energy value of polydestrose in
healthy nonobese men. Am J Clin Nutr
59:1362-1368, 1994

40. Beaton GH, Tarasuk Y Anderson GH: Esti-
mation of possible impact of non-caloric
fat and carbohydrate substitutes on
macronutrient intake in the human.
Appetite 19:87-103, 1992

41. Grundy SM, Anastasia JY Kesaniemi YA,
Abrams J: Influence of sucrose polyester
on plasma lipoproteins, and cholesterol
metabolism in obese patients with and
without diabetes mellitus. Am J Clin Nutr
44:620-629,1986

42. Jandacek RJ, Ramirez MM, Crousse JR:
Effects of partial replacement of dietary fat
by olestra on dietary cholesterol absorption
in man. Metabolism 39:848-852,1990

43. Crouse JR, Grundy SM: Effects of sucrose
polyester on cholesterol metabolism in
man. Metabolism 28:994-1000, 1979

44. Glueck CJ, Jandacek R, Hogg E, Allen C,
Baehler L, Tewksbury M: Sucrose poly-
ester: substitution for dietary fats in
hypocaloric diets in the treatment of famil-
ial hypercholesterolemia. Am J Clin Nutr
37:347-354, 1983

45. Glueck CJ, Hastings MM, Allen C, Hogg E,
Baehler L, Gartside PS, Phillips D, Jones
M, Hollenbach EJ, Braun B, Anastasia JV:
Sucrose polyester and covert caloric dilu-
tion. Am] Clin Nutr 35:1352-1359, 1982

46. Mellies MJ, Vitale C, Jandacek RJ, Lamkin
GE, Glueck CJ: The substitution of sucrose
polyester for dietary fat in obese, hyper-
cholesterolemic outpatients. Am J Clin
Nutr 41:1-12, 1985

47. Glueck CJ, Jandacek RJ, Ravi Subbiah MT,
Gallon L, Yunker R, Allen C, Hogg E,
Laskarzewski PM: Effect of sucrose poly-

ester on fecal bile acid excretion and com-
position in normal men. Am J Clin Nutr
33:2177-2181, 1980

48. American Diabetes Association: Vital Sta-
tistics 1996. Alexandria, VA, American Dia-
betes Association, 1996

49. Birch LL, Johnson SL, Jones M, Peters JC:
Effects of a nonenergy fat substitute on
children's energy and macronutrient
intake. Am] Clin Nutr 58:326-333, 1993

50. Rolls BJ, Pirraglia PA, Jones MB, Peters JC:
Effects of olestra, a noncaloric fat substi-
tute, on daily energy and fat intakes in lean
men. Am] Clin Nutr 56:84-92, 1992

51. Louis-SylvestreJ, Tournier A, Chapelot D,
Chabert M: Effect of a fat-reduced dish in a
meal on 24-h energy and macronutrient
intake. Appetite 22:165-172, 1994.

52. Gatenby SJ, Aaron Jl, Morton GM, Mela,
DJ: Nutritional implications of reduced-fat
food use by free-living consumers. Appetite
25:241-252, 1995

53. Miller DL, Rolls BJ: The use of fat replacer
to reduce the intake of dietary fat. In l:at
Substitute Handbook. Roller S, Ed. In press

54. Shide DJ, Rolls BJ: Information about the
fat content of preloads influences energy
intake in healthy women. J Am Diet Assac
95:993-998, 1995

55. Figdor SK, Bianchine JR: Caloric utiliza-
tion and disposition of 14c polydextrose in
man. JAgric Food Chem 31:389-393,1983

DIABETES CARE, VOLUME 19, NUMBER 11, NOVEMBER 1996 1301

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/19/11/1294/444588/19-11-1294.pdf by guest on 19 M

ay 2023




