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Position of the American Dietetic Association: Use of
Nutritive and Nonnutritive Sweeteners

ABSTRACT

Sweeteners elicit pleasurable sensa-
tions with (nutritive) or without (non-
nutritive) energy. Nutritive sweeteners
(eg, sucrose, fructose) are generally
recognized as safe (GRAS) by the
Food and Drug Administration (FDA),
yet concern exists about increasing
sweetener intakes relative to optimal
nutrition and health. Dietary quality
suffers at intakes above 25% of total
energy (the Institutes of Medicine’s
suggested maximal intake level). In
the United States, estimated intakes
of nutritive sweeteners fall below
this, although one in four children
(ages 9 to 18 years) can surpass this
level. Polyols (sugar alcohols), GRAS-
affirmed or petitions filed for GRAS,
add sweetness with reduced energy
and functional properties to foods/
beverages and promote dental health.
Five nonnutritive sweeteners with in-
tense sweetening power have FDA
approval (acesulfame-K, aspartame,
neotame, saccharin, sucralose) and
estimated intakes below the Accept-
able Daily Intake (level that a person
can safely consume everyday over a
lifetime without risk). By increasing
palatability of nutrient-dense foods/
beverages, sweeteners can promote
diet healthfulness. Scientific evidence
supports neither that intakes of nu-
tritive sweeteners by themselves in-
crease the risk of obesity nor that nu-
tritive or nonnutritive sweeteners
cause behavioral disorders. However,
nutritive sweeteners increase risk of
dental caries. High fructose intakes
may cause hypertriglyceridemia and
gastrointestinal symptoms in suscep-
tible individuals. Thus, it is the posi-
tion of The American Dietetic Associ-
ation that consumers can safely enjoy
a range of nutritive and nonnutritive
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sweeteners when consumed in a diet
that is guided by current federal nu-
trition recommendations, such as the
Dietary Guidelines for Americans
and the Dietary References Intakes,
as well as individual health goals. Di-
etetics professionals should provide
consumers with science-based infor-
mation about sweeteners and support
research on the use of sweeteners to
promote eating enjoyment, optimal
nutrition, and health.
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eople are born liking the sensa-

tion of sweetness (1). Sweetness

can be a sensory cue for energy
to fuel metabolic needs and physical
activity. Foods that are naturally
sweet, such as fruit and breast milk,
contain important nutrients to sup-
port health. Sweet foods and bever-
ages offer a pleasurable addition to a
meal or snack. Sweet-tasting com-
pounds help mask unpleasant tastes,
thereby enabling the development of
more palatable foods, health care
products, and medicines.

Sweet taste is stimulated by a wide
variety of compounds including sug-
ars, sugar alcohols, and dipeptides.
The properties of foods and beverages
affect the sweetening power of these
compounds, including physical state,
temperature, and the presence of
other flavors. Compounds stimulate
the sweet sensation by interacting
with taste receptors in the mouth and
throat. Through a transduction mech-
anism, the sweet chemical message is
changed to a nerve signal for the per-
ception of sweet taste. Models of
sweet transduction are being tested
under speculation that nutritive
sweeteners have different mecha-
nisms than nonnutritive sweeteners
(2). Sweet taste perception and liking
for sweetness varies across individu-
als. One source is genetic. A pheno-
typical marker of genetic variation in

taste is the bitterness of 6-n-propyl-
thiouracil (PROP) (3). Those who
taste PROP as very strongly bitter
also taste a range of nutritive and
nonnutritive sweeteners as sweeter
than those who taste PROP as weakly
bitter (4). Sweet taste can be altered
in conditions that influence the integ-
rity of the taste system (5). These con-
ditions may elevate sweet threshold
(ie, lower sensitivity) but may depress
perceived sweet intensity at concen-
trations usual to eating. The aged
population can show elevated sweet
thresholds (depressed sensitivity) but
report the sweetness of concentrated
sweeteners equal to younger cohorts
(6). Even though liking for sweet taste
is innate, the preferred level of sweet-
ness varies with a number of factors,
some of which include taste genetics
(7), exposure during childhood (8), di-
abetes (9), being fed or fasted (10),
and addiction (11).

The food supply offers consumers a
wide range of choice in sweeteners.
One distinguishing characteristic of
sweeteners is the provision of energy.
Nutritive sweeteners provide a sweet
taste and a source of energy; nonnu-
tritive sweeteners are sweet without
energy. Because obesity rates have
increased globally (12), there is great
interest in dietary factors that cause
energy intake to exceed energy expen-
diture (13). Existing evidence does
not support the claim that diets high
in nutritive sweeteners by themselves
have caused an increase in obesity
rates or other chronic conditions (eg,
hyperlipidemia, diabetes, dental car-
ies, behavioral disorders) (14). None-
theless, consumers who want the
taste of sweetness without added en-
ergy may select nonnutritive sweet-
eners to assist in the management of
weight, diabetes, and other chronic
diseases. Nonnutritive sweeteners
also have the potential to assist in
dental health and dietary quality.
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Added sugars

Services)'
Caloric sweeteners

Service, USDA)?

Sugars Food Label, in the Nutrition
Facts Panel (FDA)®
Sugar Food Label, in the Ingredients

Statement (FDA)®
"Reference (54).
2Reference (35).
3Reference (57).

Food Guide Pyramid (US
Departments of Agriculture
and Health and Human

Food Availability Data
(Economic Research

Eaten separately or used as ingredients in processed or prepared foods (such as
white sugar, brown sugar, raw sugar, corn syrup, corn syrup solids, high
fructose corn syrup, malt syrup, maple syrup, pancake syrup, fructose

sweetener, liquid fructose, honey, molasses, anhydrous dextrose, crystal
dextrose.) May contain oligosaccharides.

Sweeteners consumed directly and as food ingredients (such as sucrose [from
refined cane and beet sugars]), honey, dextrose, edible syrups, and corn
sweeteners (primarily high fructose corn syrup). Contains oligosaccharides.

All monosaccharides and disaccharides (includes naturally occurring sugars as

well as those added to a food or drink, such as sucrose, fructose, maltose,
lactose, honey, syrup, corn syrup, high fructose corn syrup, molasses, and
fruit juice concentrate). Any oligosaccharides present in these compounds are

not counted.

Indicates sucrose in ingredients statement.

Figure 1. Commonly used definitions to describe nutritive sweeteners in food. (Adapted with permission by the American Journal of Clinical
Nutrition. © Am. J. Clin. Nutr. American Society for Clinical Nutrition [32].)

Scientists have responded to consumer
demand by developing, researching,
and producing a number of energy-
reduced or nonnutritive sweeteners.

POSITION STATEMENT

It is the position of The American Di-
etetic Association that consumers can
safely enjoy a range of nutritive and
nonnutritive sweeteners when con-
sumed in a diet that is guided by cur-
rent federal nutrition recommenda-
tions, such as the Dietary Guidelines
for Americans and the Dietary Refer-
ences Intakes, as well as individual
health goals.

TYPES OF SWEETENERS

Although sweeteners can be grouped
a number of different ways, the
grouping “nutritive” and “nonnutri-
tive” acknowledges a difference in the
amount of energy provided. A variety
of ingredients impart sweetness with
an energy value that equals 4 kcal/g
(Figure 1). Sugar alcohols or polyols
sweeten with less energy per gram
(averaging 2 kcal/g); because they are
not fully absorbed from the gut, poly-
ols are less available for energy me-
tabolism (Table 1). Nonnutritive
sweeteners offer no energy (or insig-
nificant energy in the case of aspar-
tame), and, because they sweeten
with little volume, they can also be
referred to as high-intensity sweeten-
ers (Table 2). Both polyols and nonnu-
tritive sweeteners can replace sugar
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sweeteners and are thus termed ma-
cronutrient substitutes, sugar substi-
tutes, sugar replacers, or alternative
Sweeteners.

The use of nutritive and nonnutri-
tive sweeteners is evaluated by gov-
erning bodies throughout the world;
these include the Food and Drug Ad-
ministration (FDA) of the United
States and expert scientific commit-
tees such as the Scientific Committee
on Food (SCF) of the European Com-
mission, the Joint Expert Committee
of Food Additions (JECFA) of the
United Nations Food and Agricul-
tural Organization, and the World
Health Organization (WHO).

In the United States, some sweet-
eners are considered generally recog-
nized as safe (GRAS) ingredients, and
others are food additives as defined by
the 1958 Food Additives Amendment
to the Federal Food, Drug, and Cos-
metic Act. The procedures for premar-
ket approval and procedures for
GRAS status evaluation are found in
the Code of Federal Regulations (21
CFR 170) (see FDA [15] for on-line
access). GRAS sweeteners have scien-
tific consensus on their safety based
on a history of use prior to 1958 or on
well-known scientific information (21
CFR, parts 182 and 184). Some, but
not all, GRAS substances are listed in
21 CFR 182 and 184. Manufacturers
often determine that use of a sub-
stance is GRAS and sometimes will
notify FDA of their conclusions. Be-
cause substances whose use is GRAS

are not subject to FDA approval,
manufacturers may market on the
basis of their own determination, pro-
vided that such a determination is
correct. To GRAS notifications, FDA's
response falls in one of three catego-
ries (16): “1. The agency does not
question the basis for the notifier's
GRAS determination; 2. The agency
concludes that the notice does not
provide a sufficient basis for a GRAS
determination (eg, because the notice
does not include appropriate data and
information or because the available
data and information raise questions
about the safety of the notified sub-
stance); or 3. The agency has, at the
notifier's request, ceased to evaluate
the GRAS notice.” A summary of GRAS
notices received by FDA since 1998
can be found on the Internet (17).

In the United States, the FDA must
approve the safety of all food addi-
tives. The Code of Federal Regula-
tions (21 CFR 171), revised April 1,
2002, defines food additives and out-
lines the procedures for evaluating
the safety of these substances (see US
Department of Agriculture (18) for
on-line access). During review of po-
tential sweeteners as food additives,
the FDA asks these basic questions:
(a) How is it made? (b) What are the
properties of the sweetener in food
and beverage systems (ie, product
specifications)? (c) How much of the
sweetener will be consumed and will
certain groups be particularly suscep-
tible to the food additive? And (d) is
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Table 1. Polyols and novel sugar sweeteners

Type kcal/g Regulatory status

Other names

Estimated Daily Intake (EDI) or
Acceptable Daily Intake (ADI)

Description

Monosaccharide polyols
or novel sugars

Sorbitol 2.6
Mannitol 1.6
effect
Xylitol 2.4
Erythritol 0.2
D-Tagatose 1.5

Disaccharide polyols
or novel sugars

Isomalt 2
Lactitol 2
Maltitol 2.1
Trehalose 4

Polysaccharide polyols
HSH 3

GRAS®—Label must warn about a
laxative effect

Approved food additive; the label
must warn about a laxative

Approved food additive for use in
foods for special dietary uses

Independent GRAS determinations;
no questions from FDA

Independent GRAS determinations;
no questions from FDA

GRAS affirmation petition filed
GRAS affirmation petition filed
GRAS affirmation petition filed

Independent GRAS determinations;
no questions from FDA

GRAS affirmation petition filed

Same as chemical name

Same as chemical name

Same as chemical name

Same as chemical name

Same as chemical name

Same as chemical name
Same as chemical name
Same as chemical name
Same as chemical name
Hydrogenated starch

hydrolysates;
maltitol syrup

EDI mean: 1 g/p/d; 90" percentile:
4 g/p/d

EDI mean: 7.5 g/p/d; 90™ percentile:
15 g/p/d ADI 15 grams/60 kg
adult/d

EDI mean: 34 g/p/d; 90™ percentile:
68 g/p/d

50%-70% as sweet as sucrose; some
individuals experience a laxative effect
from a load of =50 g.

50%-70% as sweet as sucrose; some
individuals experience a laxative effect
from a load of =20 g

As sweet as sucrose; new forms have better
free-flowing abilities.

60%-80% as sweet as sucrose; also acts as
a flavor enhancer, formulation aid,
humectant, stabilizer and thickener,
sequestrant, and texturizer

75%-92% as sweet as sucrose; sweetness
synergizer; functions also as a texturizer,
stabilizer, humectant, and formulation aid

45%-65% as sweet as sucrose; used as a
bulking agent.

30%-40% as sweet as sucrose; used as a
bulking agent.

90% as sweet as sucrose; used as a
bulking agent.

45% as sweet as sucrose; functions also as
a texturizer, stabilizer, and humectant

25%-50% as sweet as sucrose (depending
on the monosaccharide composition)

3GRAS=Generally recognized as safe.

S140d34 vav
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Table 2. Approved nonnutritive sweeteners

Type kcal/g Regulatory status

Other names

Description

Saccharin 0

allowed

Aspartame 42
sweetener

Acesulfame-K 0
sweetener

sweetener

Approved as a sweetener for beverages
and as a tabletop sweetener in foods
with specific maximum amounts

Approved as a general-purpose

Approved as a general-purpose

Sucralose 0 Approved as a general-purpose
sweetener
Neotame 0 Approved as general-purpose

Sweet and Low,
Sweet Twin,
Sweet ‘N Low
Brown, Necta
Sweet

Nutrasweet, Equal,
Sugar Twin
(Blue box)

Sunett, Sweet &
Safe, Sweet
One

Splenda

Not available at
time of
publication

200-700 times sweeter than sucrose; noncariogenic
and produces no glycemic response; synergizes
the sweetening power of nutritive and
nonnutritive sweeteners; sweetening power is not
reduced with heating

160-220 times sweeter than sucrose; noncariogenic
and produces limited glycemic response

200 times sweeter than sucrose; noncariogenic and
produces no glycemic response; synergizes the
sweetening power of nutritive and nonnutritive
sweeteners; sweetening power is not reduced
with heating.

600 times sweeter than sucrose; noncariogenic and
produces no glycemic response; sweetening
power is not reduced with heating

8,000 times sweeter than sucrose; noncariogenic
and produces no glycemic response; sweetening
power is not reduced with heating

aThis sweetener does provide energy; however, because of the intense sweetness, the amount of energy derived from it is negligible.

the sweetener safe and does it cause
adverse effects to the individual or
offspring, including cancer, or chronic
toxicity? Figure 2 shows routine pro-
cedures for testing the safety of food
additive sweeteners. For sweeteners,
this testing may be augmented to ad-
dress specific end points (eg, neuro-
toxicity testing) and effects on hu-
mans with relevant conditions (eg,
testing sweetener effects on glucose
homeostasis in those with diabetes).
This testing establishes a safety limit
of food additives or conditions of use
that are expressed as the Acceptable
Daily Intake (ADI)—the estimated
amount (usually milligrams) per Kilo-

Toxicity Test
Acute toxicity (single dose)
Subacute/subchronic toxicity (28-90 d)

Mutagenicity/clastogenicity

Chronic toxicity (long-term dietary administration, eg, 6 months to 2

years)

Carcinogenicity (long-term administration at maximum tolerated

dose)

Reproductive toxicity (single/multiple dose studies during pregnancy;
multigenerational studies with dietary administration prior to and

during mating, gestation, and suckling)
Metabolism and pharmacokinetic studies

gram of body weight that a person can
safely consume on average every day
over a lifetime without risk (hereafter
abbreviated as mg/kg bw/day). ADI is
a conservative level: it usually re-
flects an amount 100 times less than
the maximum level at which no ob-
served effect occurs in animal (or very
occasionally human) studies. The ADI
concept is communicated by the FDA
and expert scientific committees in-
cluding JECFA and SCF. Use levels
are set to assure that intakes are be-
low the ADI. These bodies monitor
estimated daily intakes vs ADI. If es-
timated daily intakes exceed the ADI,
there may be limitations on use of the

Outputs

sweetener. A recent evaluation of
nonnutritive sweeteners intake world-
wide reveals that intakes of nonnutri-
tive sweeteners are well below accept-
able levels (19).

Tables 1 and 2 provide a summary
of the energy and regulatory status
and descriptions of approved polyols
and nonnutritive sweeteners. Health
professionals and consumers can see
a listing of food ingredients by visit-
ing the FDA “Everything” Added to
Food in the United States (EAFUS):
Food Additive Database (20); they can
also view sweetener additive reports
on the Internet from the JECFA (21)
and the SCF (22).

Nature of acute effects (overdose); median lethal dose

Nature of toxicity; target organ(s); dose-response; NOEL (no adverse
effect level); maximum tolerated dose

Evidence of potential genotoxocity

Nature of chronic toxicity; target organ(s); cumulative effects;

dose-response characteristics; NOEL

Carcinogenic potential; potency

Effects on male and female fertility; fetotoxicity; teratogenic
potential; effects on lactation and postnatal development

Degree of absorption, distribution in the body, route of metabolism
and metabolites, degree and mode of elimination

Figure 2. Summary of toxicology testing for food additives, based on reference (177): Walker R. Natural versus “Artificial” Sweeteners: Regulatory
Aspects. In: Corti A, ed. Low-calorie Sweeteners: Present and Future. World Rev Nutr Diet. 1999;85:117-124. S. Karger AG, Basel, Switzerland.
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NUTRITIVE SWEETENERS
As Components of Food and Beverages

Sucrose and fructose, which are
GRAS substances, are primary sugar
sweeteners that occur naturally or
are added to foods. However, a host of
other ingredients are included in the
nutritive sweetener category (Figure
1). As can be seen, nutritive sweeten-
ers are described differently by regu-
latory agencies. In addition to their
sensory qualities, nutritive sweeten-
ers add functional properties to foods
through their effects on physical (eg,
crystallization, viscosity), microbial
(eg, preservation, fermentation), and
chemical (eg, caramelization, antioxi-
dation) characteristics (23).

Sucrose is a disaccharide composed
of glucose and fructose that provides
4 kcal/g (approximately 16 kcal/tsp).
Commercially, sucrose comes from
processing sugar cane or sugar beets.
Refinement removes the yellow-
brown pigments of unrefined sugar to
produce the white crystal form of ta-
ble sugar. Molasses is the least re-
fined form of sucrose.

The monosaccharide fructose also
provides 4 kcal/g. Fructose is a com-
ponent of sucrose (50% fructose), is
present in fruit (also known as fruit
sugar or levulose), and is added to
foods and beverages as high fructose
corn syrup (HFCS; 42% to 55% fruc-
tose) or in the crystalline form. Fruc-
tose has replaced sucrose in many
foods and beverages because of its
sweetening power, lower cost, and
functional properties that enhance
flavor, color, and product stability
(24). Fructose also synergizes the
sweetness potential of sucrose and
certain nonnutritive sweeteners (24).

Digestion and Absorption

Nutritive sweeteners are easily di-
gestible except in the cases of rare
genetic abnormalities of carbohydrate
metabolism (eg, galactosemia, inher-
ited fructose intolerance) (25). The
absorption of sweeteners occurs inde-
pendent of other dietary sources. The
brush border surface of the small in-
testine contains the enzymes maltase,
sucrase, trehalase, and lactase that
break down maltose, sucrose, treha-
lose, and lactose, respectively, into
their constituent monosaccharides (26).
Absorption rates differ in that fruc-
tose is absorbed slower than glucose

and galactose but faster than polyols
(27). Fructose is better absorbed when
consumed as sucrose (28) than in
products where the amount of free
fructose exceeds the amount of glu-
cose (eg, honey, prunes, apples, apple
juice, some HFCS, or crystalline fruc-
tose) (25).

Glucose and galactose are actively
absorbed through the ATP-sodium-
potassium ion pump. Fructose, how-
ever, is absorbed by either facilitated
diffusion or active transport, with
both transport mechanisms being sat-
urable (29), leaving unabsorbed fruc-
tose free to travel down the intes-
tines. Through use of hydrogen
breath tests, malabsorption of fruc-
tose can be detected in 37% to 80% of
otherwise healthy adults in response
to a 50-g fructose load (29) and in over
70% of children to a 2-g/kg bw/day
load (30) (12 oz sweetened soda or
fruit drink has between 14 and 22 g
fructose; 1 cup of apple juice has 14 g
fructose). Malabsorption symptoms
may vary among individuals who
show high levels of breath hydrogen
after fructose loads because of an
adaptive response of the intestinal
bacterial flora (29). Nonetheless, non-
specific diarrhea can result in young
children with fructose intakes that
exceed these loads (especially if fruc-
tose is ingested with other indigest-
ible carbohydrates and sorbitol); this
diarrhea should not occur at recom-
mended intake levels (29).

Although some unrefined nutritive
sweeteners provide minerals (eg, mo-
lasses contains calcium, iron, magne-
sium, and potassium), the amount
per teaspoon of these minerals is
practically negligible compared with
the Dietary Reference Intakes (31).
Thus, consumers should base their
selection of nutritive sweeteners on
sensory or functional properties, not
on misconceptions of differences in
nutrient value.

Consumption

Human metabolism does not distin-
guish between sugars found in a food
and those added to the food; however,
scientists, economists, health profes-
sionals, and the public make these
distinctions. For example, a common
belief is that fructose in fruit juices is
different from fructose added to pro-
duce fruit drinks. Fructose is ab-
sorbed, digested, and metabolized in

an identical manner no matter what
the source. Misconceptions such as
this have led to confusion regarding
consumption patterns (32). Adding
more confusion is the variety of terms
used to describe “sweet” foods and in-
gredients (Figure 1).

Food consumption patterns are
monitored in two ways: food intake
(self-reported survey data) and food
availability (economic estimates).
Food intake data tend to underesti-
mate whereas food availability data
overestimate consumption (32).

Food intake information has been
based on two nationwide monitoring
surveys: the Continuing Survey of
Food Intakes by Individuals (CSFII)
and the National Health and Nutri-
tion Examination Survey (NHANES).
These two surveys have been com-
bined for future US nutrition surveil-
lance. The 1994-1996 CSFII provides
several different nutritive sweetener
intake measures (33) and reports av-
erage population intakes of 25 g/day
of sugars and sweets as well as in-
takes of foods containing nutritive
sweeteners (eg, 95 g/day of fruit
drinks and ades; 253 g/day regular
carbonated beverages; 60 g/day of
citrus juice; and 27 g/day noncitrus
and nectars). The median daily in-
take of added sugar, according to the
NHANES Il data, varies widely
across population groups, ranging
from 10 to 30 teaspoons (40 to 120
g/day) (34).

Food availability data, according
to the Economic Research Service
(ERS), showed a per capita daily in-
take of 31.1 teaspoons of added sug-
ars (124.4 g) in 2001, which repre-
sented a decline in daily consumption
from 31.9 teaspoons in 1992 (35).
Corn sweeteners make up more than
half of this estimated intake. Con-
sumption of HFCS has increased
4,000%, from 1.5 pounds (dry weight
equivalent) per capita yearly intakes
in 1970 to 1974 to 62.7 pounds in 2000
(35). Concomitantly, estimated yearly
per capita intake of dextrose corn
sweeteners declined 26%, from 4.6 to
3.4 pounds, and refined cane and beet
sugars decreased 35%, from 100.5 to
65.6 pounds, while glucose intakes re-
mained virtually unchanged. The in-
crease in consumption of this corn
syrup could have implications for ab-
sorption and lipid profiles in suscep-
tible individuals (see sections on Di-
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Table 3. Distribution of individuals consuming varying levels of added sugars as a percentage of energy
Percentage of Energy as Added Sugars
Population group 0% to <56% 5%t0o=<10% 10%to=<15% 15%t0=<20% 20%to=<25% 25% to=<30%" 30% to <35%° =35%°
n
Children, 4-8 y 7 18 25 21 15 9 4
Males
9-13y 7 14 23 19 16 10 5 5
14-18 y 6 13 18 23 20 12 8
19-50 y 15 18 21 18 13 7 4 4
50+ y 22 23 22 15 9 5 3 2
Females
913y 6 14 20 21 17 10 6 5
14-18 y 6 13 15 21 15 13 8 10
19-50 y 13 16 19 17 13 9 5 7
50+ y 23 25 21 14 9 4 2 2
2Indicates individuals consuming over the 25% recommended maximal level of added sugars intake.
NOTE. Data from: National Academy of Sciences, Institute of Medicine. Dietary reference intakes for energy, carbohydrate, fiber, fat, fatty acids, cholesterol, protein and amino acids.
Washington, DC; 2002. Tables J1-9.

gestion and Absorption as well as
Hyperlipidemias, respectively).

The ability to monitor estimated
consumption of nutritive sweeteners
is influenced by a number of factors.
For intake data from the CSFII and
NHANES, intakes are self reported
and, thus, not always accurate (36-
40). The USDA nutrient database is
used to translate what is self reported
into sweetener intake; the accuracy of
this database affects the accuracy of
the estimated intake. The database
uses ingredient amounts rather than
actual amounts measured after pro-
cessing and cooking; it is unknown
how these two amounts differ. For
food availability, data from ERS re-
flect an economic estimate of the
amount of nutritive sweeteners within
the food supply available to every US
consumer. The ERS does adjust the
estimated total sweetener supply for
plate waste and some other losses but
not for nonfood and nonbeverage uses
(41). The lack of accounting for all
losses may explain the discrepancy
between food availability and intake
estimates of nutritive sweetener con-
sumption. Adjustments for these non-
food uses are made in the evaluation
of the nonnutritive sweeteners.

Nationwide monitoring surveys re-
veal currently available estimates of
average intake of energy from nutri-
tive sweeteners ranging between 15%
and 21%. Using the Food Guide Pyr-
amid definition for sweeteners (Fig-
ure 1), the 2-day average for percent-
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age of energy from added sugars is
15.7% (11.6% for 65+-year-old men
and 20% for all adolescents) (42).
Krebs-Smith (43) calculated an aver-
age population intake of 15.8%+0.17%
SEM added sugars with a range
of 18.6%+0.17% for children and
14.8%+0.21% for adults (>20 years).
Kant (44) analyzed NHANES I11 data
(adults only) for energy-dense, nutri-
ent-poor food intakes (defined as des-
serts and sweeteners including sugar,
candy, syrup, and sweetened carbon-
ated and noncarbonated beverages).
Desserts accounted for 8.6% of energy
and sweeteners for 9.4%. Using the
ERS per capita caloric intake (ap-
proximately 2,750 calories), added
sugars would account for approxi-
mately 18.1% of total calories. The
mean percentage for usual daily in-
take of added sugar derived from the
NHANES 11l (1988-1994) data is
21.1% of total energy.

Of particular interest is the amount
of added sugars in the American diet
(45,46). The highest average daily in-
take is during adolescence (about 20%
energy) and declines as age increases
(33,34). Men 19 to 50 years of age are
most likely to be in the highest cate-
gory of added sugar intake (>95th
percentile or 55 tsp/day) (34). The dis-
tribution of added sugars as a per-
centage of energy varies across the
population according to Tables J1-9
from the National Academy of Sci-
ences, Institutes of Medicine (Table 3)
(34). Less than 10% of adults age 50+

years consume greater than 25% of
energy from added sugar, the maxi-
mal intake value established by the
I0M, whereas nearly one-third of ad-
olescent females (14 to 18 years) ex-
ceed this level. Intakes of energy from
added sugars show age-related de-
clines; as males and females age, a
greater proportion are consuming
10% or less of added sugars as ex-
pressed as percentage of energy.

For the entire population using
CSFII databases, sweetened soft drinks
account for almost one-third of the
added sugars intake (42); these
drinks are sweetened primarily with
HFCS. Girls ages 6 to 11 years in-
creased intakes of these beverages by
94 g from 1977-1978 to 1994-1996,
1998 (106 to 200 g), while the increase
for boys rose 105 g over the same time
period (112 to 217 g) (47). Examining
CSFI1 data by ounces of beverage con-
sumed per day, sweetened carbonated
soft drink consumption shows a steep
rise across childhood with the peak at
16 years (2.1 oz for 1 to 3 year olds,
4.5 oz for 4 to 8 year olds, 9.7 oz for 9
to 13 year olds, and 18 oz for 14 to 18
year olds), while fluid milk consump-
tion and 100% fruit juice intake de-
clined or remained the same, respec-
tively (48). Consumption of 100%
fruit juices by American children fell
within the recommendations made by
the American Academy of Pediatrics
(49). These guidelines are the follow-
ing: no juice for infants 0 to 6 months
old; from 6 to 12 months, there is no
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written recommendation; from 1 to 6
years, 4 to 6 oz of juice per day; and
for ages 7 to 18 years, 8 to 12 oz daily.
For children ages 1 to 4 years, daily
100% fruit juice intakes exceeded in-
take of fruit drinks/ades (3.6 0z) but
was less than milk consumption (12.6
0z). For those 14 to 18 years of age,
carbonated soft drink intake exceeded
consumption of fluid milk (7.8 0z) and
fruit drinks/ades (5.7 0z) (49). Hypo-
thetically, approximating consump-
tion of the sugar sweetened drinks by
the 50th percentile kilograms body
weight per age (50), intake of 100%
fruit juice, fruit drinks/ades, and car-
bonated soft drinks is estimated to be
highest in children up to the age of 8
years. For example, according to av-
erage intake of these drinks (48), a
27-month-old boy who weighs 13.6 kg
would consume 0.82 oz/kg, a 6-year-
old boy who weighs 21 kg would con-
sume 0.61 oz/kg, an 1ll-year-old boy
who weighs 36 kg would consume
0.49 oz/kg, and a 16-year-old boy who
weighs 61 kg would consume 0.45 oz/
kg.
The CSFII data also show that non-
Hispanic white and non-Hispanic
black preschoolers had higher added
sugars and energy intakes than His-
panic preschoolers (51). Furthermore,
those low-income preschoolers en-
rolled in the Women, Infants and
Children Nutrition Program (WIC
program) consumed less added sugar
than nonparticipating low-income
children (51). To put these intakes in
perspective, both consumption and
availability data indicate that the av-
erage population intakes do not ex-
ceed the recently established Recom-
mended Maximal Intake of 25% of
energy from added sugars (34). This
level was chosen because it repre-
sented the highest point of sugar in-
take (based on NHANES |11 data) be-
fore a reduction in micronutrient
intake is observed.

Guidance

In the United States, the USDA, the
Institute of Medicine, and the USDA
in conjunction with the Department
of Health and Human Services
(DHHS) have made recommendations
regarding use of sweeteners added to
food and beverages. These are the
Food Guide Pyramid, the Dietary Ref-
erence Intakes, and the Dietary
Guidelines, respectively. The USDA

Food Guide Pyramid statement reads
as follows: “Use sugars sparingly”
(52). The Institute of Medicine’s Di-
etary Reference Intakes suggests a
maximal intake of 25% of energy in
the form of added sugars (34). In
2002, Dietary Guidelines released by
the USDA and DHHS do not state a
numerical value but state “choose a
diet moderate in sugars,” with the ad-
ditional suggestion to eat less sugar
and fewer sweets (such as candy,
cookies, cakes, and soda) (53).

In describing the Food Guide Pyra-
mid, USDA suggested intakes rang-
ing from 6% to 10% of energy (a range
of 6 to 18 teaspoons depending on the
total energy intake) from added sug-
ars (54). As described in that publica-
tion, this range was not intended as a
recommendation of an optimal amount
of added sugars but rather as a goal to
meet nutritional needs and balance
calories while not exceeding the con-
sumption levels of added sugars re-
ported at that time. A series of calcu-
lations were made to determine this
range. Using the number of serv-
ings for each nutrient-containing food
group, three levels of energy were es-
tablished to meet the needs of most
Americans (1,600, 2,200, and 2,800
kcal). Estimates of energy from fat
(using 30% as the goal) were then cal-
culated. Using foods representing the
lowest fat level (eg, fat-free milk), an
intake pattern representing the low-
est number of servings from each food
group resulted in energy ranges from
1,220 to 1,990 kcal. The energy differ-
ence between the estimated total en-
ergy needs and that for the food pat-
tern developed was obtained. This
amount could be used to determine
additional foods to add to the diet,
including foods with added sugars.
Thus, the suggestion of 6% to 10% of
energy from added sugars was not
based on any scientific evidence re-
garding health impacts but was cal-
culated using the Food Guide Pyramid.

The Dietary Reference Intakes rec-
ommendations on added sugar intake
represent a synthesis of scientific
evidence and analysis of data from
nutrition surveillance. During the
Committee’s deliberations, only rec-
ommendations based on available sci-
entific evidence (primarily derived
from clinical studies) were consid-
ered. To determine a recommended
intake level, the Institute analyzed

the NHANES 111 data for various mi-
cronutrient intakes at every fifth per-
centile of added sugars intake as a
percentage of energy (from 0% to
35%) (34). Micronutrients examined
were vitamins A and E, calcium, mag-
nesium, iron, and zinc. Additionally,
determinations of the prevalence of
those not meeting the Estimated Av-
erage Requirement or exceeding Ade-
quate Intake for these micronutrients
were made for gender and age groups.
Although there was some age incon-
sistency, as intakes of added sugars
increased, intakes of calcium, vitamin
A, iron, and zinc declined. On the ba-
sis of this analysis, and other evi-
dence-based information, the commit-
tee concluded that a maximal intake
of 25% of energy from added sugars
would ensure that dietary quality
could be maintained. Any higher level
could result in diets of poorer quality.

The WHO is currently in the pro-
cess of designing a global strategy for
making recommendations regarding
diet, physical activity, and health
(55). On the basis of the opinions of a
joint consultation report, the WHO
recommended 10% of energy from
added sugars (defined as “free sug-
ars”). The strategies used in the
panel’s deliberations encompass their
interpretation of a range of epidemio-
logic, economic, social, and political
impacts on the prevention and control
of noncommunicable diseases. Thus,
the proposed 10% intake recommen-
dation may not be based solely on sci-
entific evidence.

Dietetics professionals should com-
municate science-based messages
about recommendations for added
sugar intake with the understanding
that all foods can fit into healthful
diets, even those high in added sugars
(56). For individual recommendations
on intakes of added sugars, dietetics
professionals should assess food in-
take within the context of the entire
diet and by considering personal
health and nutrition goals. Consum-
ers can monitor their intake of ¢otal
sugars (but not added sugars)
through the labels on foods and bev-
erages. The Nutrition Labeling and
Education Act of 1990 (57) required
the labeling of total sugars. Through
public rule making, the FDA defined
labeling of total sugars (ie, any
monosaccharide or disaccharide) and
sugar alcohols. The FDA regulates la-
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beling a product as “sugar-free” (less
than 0.5 g sugar), “reduced sugar” or
“less sugar” (a reduction of sugar by
25%), and “no added sugar” (no sug-
ars added during processing).

Polyols (Sugar Alcohols) and Novel Sugar
Sweeteners

Foods containing polyols can be la-
beled as sugar-free because they re-
place sugar sweeteners. They also
contain less energy than sugars and
have other potential health benefits
(eg, reduced glycemic response, de-
creased caries risk, prebiotic effects).
Polyols can have a chemical structure
that is monosaccharide-derived (eg,
sorbitol, mannitol, xylitol, erythritol),
disaccharide-derived (eg, isomalt, lac-
titol, maltitol), or polysaccharide-de-
rived mixtures (eg, maltitol syrup, hy-
drogenated starch hydrolysates [HSH]).
Although many polyol sweeteners oc-
cur naturally in plants, they are pro-
duced for commercial usage. D-taga-
tose and trehalose are two novel
sugars that offer sweetening power
and functional properties in foods and
beverages, as well as potential health
benefits. D-tagatose has a chemical
structure similar to fructose, and tre-
halose is a disaccharide found in
mushrooms. Products containing these
sweeteners cannot be labeled as sugar
free (58).

Polyols (sugar alcohols) and sugar-
derived sweeteners are regulated as
either GRAS or food additives. In nu-
trition labeling, declaration is re-
quired when a claim is made about
sugar alcohols or sugars (ie, sugar
free) when sugar alcohols are present
in the food. For voluntary and re-
quired declarations on the Nutrition
Facts panel, “sugar alcohols” and
gram weight are listed under total
carbohydrate. If only one sugar alco-
hol is used, the specific name may be
substituted for “sugar alcohol” (eg, xy-
litol) (21 CFR 101.9(c)(6)(iii)). D-taga-
tose and trehalose would appear on
the food label in the ingredient decla-
ration.

The polyols offering reduced-calorie
sweetening are absorbed slowly and
incompletely from the intestine by
passive diffusion. An excessive load
(eg, greater than 50 g/day of sorbitol;
greater than 20 g/day of mannitol)
may cause diarrhea. If polyols were
completely absorbed, direct metabo-
lism could provide the usual 4 kcal/g.
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However, incomplete absorption
causes indirect metabolism via fer-
mentive degradation by the intestinal
flora. The energy return from indirect
metabolism is less than the direct
route. The FDA allows polyols to be
labeled with less energy per gram
than other nutritive sweeteners (see
Table 1). D-tagatose is a low-energy
bulk sweetener; only 15% to 20% of
D-tagatose ingested is absorbed from
the small intestine to provide 1.5
kcal/g (59). The majority ingested is
available for fermentation by colonic
bacteria. Trehalose is absorbed com-
pletely and metabolized directly to
provide 4 kcal/g.

Products with sorbitol and manni-
tol may have the following label be-
cause high intakes increase the risk
of malabsorption: “Excess consump-
tion may have a laxative effect.” Sor-
bitol is on the GRAS list for use in
candies, chewing gum, jams/jellies,
baked goods, and frozen confections.
Mannitol is permitted for use on an
interim basis pending further study
of health effects, including potential
laxative effects. This status is pro-
vided to food ingredients that have a
history of use but whose safety has
been brought into question by new
information, even if it is not conclu-
sive (60). Mannitol is used as a dust-
ing agent for chewing gum and a
bulking agent in powdered foods. Xy-
litol is approved as a food additive for
use in foods for special dietary use.
The FDA has filed GRAS affirmation
petitions for isomalt, lactitol, malti-
tol, HSH, erythritol, tagatose, and
trehalose. Recent GRAS notifications
for erythritol, tagatose, and trehalose
report comparison between ADI and
estimated intakes as reported in Ta-
ble 1. Health professionals and con-
sumers can review WHO safety eval-
uations on-line, including those for
trehalose (61) and D-tagatose (62).

Glycemic responses are lower for
sweeteners that undergo incomplete
absorption. Although trehalose pro-
vides 4 kcal/g, it can produce a lower
glycemic response than glucose or ga-
lactose (63). The potential for prebi-
otic effects of sweeteners that un-
dergo incomplete absorption is being
explored. The aim in this research is
to use these dietary components (ie,
prebiotics) to modulate the colonic mi-
croflora to promote colon health and
control disease conditions (64). These

prebiotics are short-chain carbohy-
drates that are resistant to human
digestive enzymes and reach the ce-
cum to exert effects on the colonic bac-
teria (65). Because of their chemical
structure, polyols could serve as a
substrate for these bacteria (66). The
sugar D-Tagatose has been shown
through in vitro studies to stimulate
colonic bacteria fermentation and
production of short-chain fatty acids
(eg, butyrate) and may have the po-
tential to have prebiotic effects (59).

NONNUTRITIVE SWEETENERS

Up to nine in 10 consumers in the
United States buy or use low-calorie
products, including sugar-free and re-
duced-fat foods and beverages (67).
Nonnutritive sweeteners have also
seen increased use in European coun-
tries (due to the growing interest in
health and an aging population) as
well as in developing countries (with
interest in making limited diets more
palatable) (67).

High-intensity sweeteners can offer
consumers a way to enjoy the taste of
sweetness with little or no energy and
or glycemic response. Nonnutritive
sweeteners may assist in weight man-
agement, control of blood glucose, and
prevention of dental caries. Scientists
evaluate these sweeteners for many
attributes including sensory qualities
(eg, clean sweet taste, no bitterness,
odorless), safety, compatibility with
other food ingredients, and stability
in different food environments. Be-
cause nonnutritive sweeteners pro-
vide sweet taste with little volume,
manufacturers combine the sweet-
ener with a bulking agent (eg, poly-
dextrose, maltodextrin, polysaccha-
ride polyols) to replace some of the
functional properties of the nutritive
sweeteners. The trend is to blend
high-intensity sweeteners with other
nonnutritive and nutritive sweeten-
ers to create new sweet taste profiles.
Blending can cause sweetness syn-
ergy (ie, the combination is sweeter
than the individual components),
which can decrease the amount of
sweetener needed and can improve
the overall sweet taste profile.

The FDA has approved five nonnu-
tritive sweeteners and regulates
them as food additives: saccharin, as-
partame, acesulfame potassium (or
acesulfame K), sucralose, and most
recently neotame (Table 2). Nonnutri-
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tive sweeteners, like other food ingre-
dients, appear on the food label in the
ingredient declaration. Aspartame
appears to receive more attention
in the media about its safety than
other nonnutritive sweeteners. Ac-
cordingly, more information is in the
text to provide dietetics professionals
with science-based information to be
able to respond to consumer ques-
tions about the use of aspartame as
well as other nonnutritive sweeteners.
Acesulfame-K (5,6-dimethyl-1,2,3-
oxathiazine-4(3H)-one-2,2-dioxide) is
approximately 200 times sweeter
than sucrose. The “K” refers to potas-
sium. Pharmacokinetic studies show
that 95% of consumed sweetener is
excreted unchanged in the urine (68)
and thus does not provide any energy.
Thus, consumption of acesulfame-K
does not influence intake of potas-
sium. Acesulfame-K can withstand
high cooking/baking temperatures.
Acesulfame-K is available in granular
forms to blend with other nutritive
and nonnutritive sweeteners, which
provides sweetness synergy while
masking unpleasant flavors (69).
This sweetener was evaluated for
safety by JECFA in 1983 (70,71). The
FDA first approved acesulfame-K in
1988, and it is currently approved as
a general-purpose sweetener, not in-
cluding meat and poultry (72). Both
FDA and JECFA have set an ADI of
up to 15 mg/kg bw/day. The European
Commission’s SCF reevaluated this
sweetener and supported its safety
but recommended an ADI at 9 mg/kg
of bw/day (73). The amount of acesul-
fame-K added to food products is very
small because of its intense sweeten-
ing power and because it is often used
in combination with other sweeten-
ers. The EDI is estimated at 20% of
the ADI because of its intense sweet-
ening power. Estimated intakes in
children are below the ADI (ranges
from 3 to 9 mg/kg bw/day).
Aspartame, a dipeptide (L-a-aspar-
tyl-L-phenylalanine methyl ester), is
160 to 220 times sweeter than su-
crose. Intestinal esterases hydrolyze
aspartame to aspartic acid, methanol,
and phenylalanine (74). These compo-
nents are found in much greater
amounts in the normal diet in fruits,
vegetables, meat, and milk. For ex-
ample, a serving of nonfat milk pro-
vides about six times more phenylal-
anine and 13 times more aspartic

acid, whereas a serving of tomato
juice has about six times more meth-
anol than an equal volume beverage
sweetened 100% with aspartame (75).
The amino acids are metabolized to
provide 4 kcal/g. Thus, this sweetener
does provide energy; however, be-
cause of the intense sweetness of as-
partame, only minute amounts need
to be added, and the amount of energy
derived is negligible.

In 1981, the FDA approved aspar-
tame as a sweetener for a number of
dry uses (eg, tabletop sweetener, cold
breakfast cereal, gelatins and pud-
dings) and in chewing gum. This ap-
proval was expanded in 1983 to in-
clude carbonated beverages. The
Council on Scientific Affairs of The
American Medical Association in
1985 concluded that “Available evi-
dence suggests that consumption of
aspartame by normal humans is safe
and is not associated with serious ad-
verse health effects” (76). In 1996, the
FDA approved aspartame as a “gen-
eral purpose sweetener” for use in all
foods and beverages. Aspartame is
also approved for use in over 100 na-
tions.

The United States leads the world
in demand for aspartame, accounting
for up to 75% of sales. Although soft
drinks account for above 70% of as-
partame consumption, this sweetener
is added to more than 6,000 foods,
personal care products, and pharma-
ceuticals. Aspartame is available in
liquid, granular, encapsulated, and
powder forms to extend use in food
and beverage products. Aspartame
decomposes during excessive heating
and loses its sweetening power. How-
ever, appropriate cooking methods
can minimize losses of aspartame
sweetness (77).

Detailed studies have been con-
ducted to determine how ingestion in-
fluences plasma levels of aspartic
acid, phenylalanine, and methanol (or
the byproduct formate). In studies
with healthy adults (78), levels of
plasma aspartate concentrations or
blood levels of formate did not change
with a bolus load up to four times the
ADI for aspartame (ie, 200 mg/kg).
Plasma phenylalanine response to as-
partame (as well as to other dietary
sources of phenylalanine) varies in
persons with phenylketonuria (PKU),
a homozygous recessive inborn error
of metabolism of which affected indi-

viduals cannot metabolize phenylala-
nine. In persons with this rare (fre-
quency is approximately one in
10,000 whites) inborn error, excess
intake of this amino acid can cause
higher plasma phenylalanine levels
and its adverse effects (79). MNT in-
volves the control of dietary sources of
phenylalanine, including aspartame.
The FDA requires that foods that
contain aspartame have the promi-
nent display of the following label:
“PHENYLKETONURICS: CONTAINS
PHENYLALANINE” (80).

Untreated individuals with PKU
appear to tolerate the amount of phe-
nylalanine in a diet soda sweetened
with aspartame (approximately 104
mg/12 oz) (81). Heterozygotes for
PKU do not show changes in cognitive
performance or in electroencephalo-
grams after 12 weeks of consuming
either 15 or 45 mg/kg bw/day of as-
partame (82). In non-PKU individu-
als, single-bolus studies of aspartame
(up to 50 mg/kg bw) or repeat dose
studies show a plasma phenylalanine
response near the normal postpran-
dial range and considerably lower
than that observed in PKU individu-
als or those with mild hyperphenyl-
alanemia (78).

Aspartame breaks down to dike-
topiperazine in liquid systems with
excessive heat exposure. Animal tox-
icity studies show that, even if all
aspartame were converted to diketo-
piperazine in beverages, the amount
would be well below the FDA-estab-
lished ADI of 3,000 mg/kg bw/day for
this compound (83).

Some individuals report allergic re-
actions to aspartame, including
edema of the lips, tongue, and throat;
dermatologic reactions; and respira-
tory problems (84). However, two dou-
ble-blinded challenge studies report
difficulty in recruiting individuals
who claim an allergic response to as-
partame and a failure to reproduce
the allergic reaction in controlled ex-
perimental conditions (85,86).

The FDA increased the ADI for as-
partame to its present level of 50
mg/kg bw/day when it was approved
for use in carbonated beverages in
1983 (87). This ADI would approxi-
mate a 60-kg individual consuming
500 to 600 grams of sucrose per day
over a lifetime based on sweetness of
aspartame compared with that of su-
crose (75). Postmarket assessment of
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aspartame conducted between July
1991 and June 1992 shows that daily
intake of aspartame is below this ADI
(88): Aspartame eaters (at least 90th
percentile of consumption) in the gen-
eral population consume 6% of the
ADI (3.0 mg/kg bw/day), those 0 to 5
years of age consume 10.4% (5.2
mg/kg bw/day), people with diabetes
consume 6.6% (3.3 mg/kg bw/day),
and women of childbearing age con-
sume 8.4% (4.2 mg/kg bw/day). As a
tabletop sweetener, packets contain
35 to 40 mg of aspartame and are
equivalent to the sweetness of 2 tea-
spoons of sugar. In the granular form,
1 teaspoon contains 16 mg and equals
the sweetening of 1 teaspoon of sugar.
Consumers would need to contact in-
dividual companies to determine the
amount of aspartame in each product.
The amount in some common foods is
as follows: up to 225 mg in a 12-0z diet
soda, 100 mg in an 8-0z drink made
from powder, 80 mg in an 8-0z yogurt
or a 4-oz gelatin dessert, up to 32 mg
in %2 cup of sweetened cereal, and up
to 47 mg in frozen dairy desserts. To
reach the ADI, an 18-kg (nearly 40
pound) child would need to consume
900 mg of aspartame per day, which
translates to 24 packets of sweetener
(equivalent to 48 teaspoons of sugar),
four 12-0z cans of diet soda, or nine
8-0z glasses of fruit drink made from
a powder.

A comprehensive review of the
safety of aspartame has recently been
published (75). The review covers pre-
vious publications as well as new in-
formation that support the safety of
aspartame as a food additive and ne-
gates claims of its association with a
range of health problems including
brain tumors. The SCF (89) has also
recently evaluated new scientific evi-
dence. They conclude that current in-
takes in European countries are well
below the ADI set by JECFA and SCF
(40 mg/kg bw/day), that aspartame is
not a carcinogen and is not associated
with neurobehavioral disorders, and
thus that there is no need to revise
the risk assessment of, or ADI for,
aspartame.

Neotame is a derivative of the
dipeptide phenylalanine and aspartic
acid (chemical name is (IN-[N-3,3-dim-
ethylbutyl)-L-a-aspartyl]-L-phenylal-
anine-1-methyl ester) with a sweet-
ness potency approximately 7,000 to
13,000 times sweeter than sucrose. It
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is partially absorbed in the small in-
testine, rapidly metabolized by ester-
ases, and excreted in urine and feces.
Methanol is released during the
deesterfication; the amount released
is insignificant even at the 90th per-
centile of estimated daily intake of
neotame. A small percentage (<20%)
of the phenylalanine from the in-
gested neotame may be released into
the plasma. If the 90th percentile EDI
of neotame were consumed for adults
or children, this would result in a
phenylalanine intake of 2.6 and 1.5
mg, respectively. This amount is not
clinically significant for individuals
with PKU (ie, estimated at 0.3% to
0.4% of phenylalanine intake per day
at the 90th EDI intake of neotame).
Thus, the label for products with
neotame does not need to alert phe-
nylketonurics that the produce con-
tains phenylalanine. Furthermore, no
organs were found to concentrate
neotame or its metabolites. Neotame
consumed at 100 times the ADI in
animals did not produce neurotoxic or
behavioral or reproductive toxicity ef-
fects. In human studies, there were
no significant treatment effects of
neotame ingestion vs those with con-
trols (90). Neotame ingestion also did
not have a significant effect on fasting
plasma glucose or insulin levels in
those with type 2 diabetes (91).

On the basis of a review of 113 pre-
clinical, clinical, and special studies
and an additional 32 exploratory and
screening studies, the FDA approved
neotame as a general-purpose sweet-
ener on July 5, 2002 (90). These stud-
ies followed toxicology testing out-
lined in Figure 2, including short-
term, subchronic, and chronic dietary
toxicity; multigenerational reproduc-
tive and developmental toxicity; car-
cinogenicity; and pharmacokinetic
studies in animals. Human testing in-
cluded short-term and longer term
studies and pharmacokinetic mea-
sures. In 2002, the FDA set the ADI
at 18 mg/day (90). The EDI as a gen-
eral-purpose sweetener for consum-
ers is 0.04 mg/kg bw/day at the
mean and 0.10 mg/kg bw/day at the
90th percentile for adults and 0.05
mg/kg bw/day and 0.17 mg/kg bw/day
for 2- to 5-year-old infants. Globally,
neotame is approved for use in multi-
ple countries in North America, South
American, Europe, Africa, Asia, and
Australia (92). In June 2003, the

JECFA confirmed the safety of
neotame and granted an ADI of 2
mg/kg bw/day (93).

Neotame is marketed as a sweet-
ener with a clean sweet taste without
bitter, metallic, or off flavors (94), as
well as an enhancer to other flavors
within a food or beverage. The func-
tionality of this sweetener has been
tested for beverages; for use as a ta-
bletop sweetener; and for frozen des-
serts, chewing gum, confections,
baked goods, sauces, and cereals.

Saccharin exceeds the sweetness of
sugar by 200 to 700 times (95). It pro-
vides no energy because it is not me-
tabolized by humans (95) and is not
cariogenic. In the United States, 8
million pounds of saccharin disappear
each year into food (2 to 3 million as
tabletop sweetener), beverages (1 to 2
million pounds), and personal care
products (3 million pounds). The
JECFA has set the ADI for saccharin
to 5 mg/kg bw/day (96). Despite the
decline in usage since a peak in 1982,
saccharin is the largest volume, low-
est cost, high-intensity sweetener
used in the world (nearly 62 million
pounds in 1995) (97). It is approved
for use in over 100 countries and has
shown increased popularity in China
(98).

Saccharin is approved as a food ad-
ditive to foods and beverages, table-
top sugar substitutes, and gum and
can be used in cosmetics and pharma-
ceuticals. Based on US Federal legis-
lation in 2001, products with saccha-
rin no longer need to carry a warning
of its use associated with causing can-
cer in laboratory animals. Saccharin
was originally included on the GRAS
listing. In 1977, the FDA proposed a
ban on use of saccharin because it
was reported to be a carcinogen in
rats. In the same year, Congress,
through the Saccharin Study and La-
beling Act, imposed an 18-month
moratorium on any FDA ban and re-
quired products containing saccharin
to bear the following warning: “Use of
this product may be hazardous to
your health. This product contains
saccharin which has been determined
to cause cancer in laboratory ani-
mals.” In 2000, the National Toxicol-
ogy Program of the National Insti-
tutes of Health concluded in its
Report on Carcinogens, 9th edition,
that saccharin should be removed
from the list of potential carcinogens
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(99). The Reproductive and Cancer
Hazard Assessment Section of the Of-
fice of Environmental Health Hazard
Assessment, California Environmen-
tal Protection Agency also removed
sodium saccharin from its Proposition
65 list of carcinogens (100).

As a sweetener, the FDA has ap-
proved saccharin (in the ammonium
saccharin, calcium saccharin, and so-
dium saccharin forms) as a sweetener
in beverages in amounts not to exceed
12 mg/fluid ounce, as a sugar substi-
tute packaged in amounts not to ex-
ceed the sweetening power of 1 tea-
spoon of sugar (20 mg) for use in
cooking or at the table, and in pro-
cessed foods in amounts not to exceed
30 mg per serving. The label must
state saccharin in the ingredient dec-
laration, the amount of saccharin
listed per fluid ounce for beverages,
milligrams in the dispensing unit for
cooking or tabletop use, and milli-
grams per serving for processed goods
(102).

Sucralose is 600 times sweeter than
sucrose; it has a disaccharide struc-
ture in which three chlorine mole-
cules replace three hydroxyl groups
(chemical name trichlorogalactosu-
crose). Sucralose provides essentially
no energy: it is poorly absorbed (range
11% to 27%) and excreted unchanged
in the feces. Any absorbed sucralose
is excreted in the urine unchanged.
This sweetener is heat stable in cook-
ing and baking. Stability testing sug-
gests insignificant formation of com-
pounds from sucralose degradation
(4-chloro-4-deoxy-galactose and 1,6-
dichloro-1,6-dideoxyfructose); these
products are formed under prolonged
storage at elevated temperatures and
in a highly acidic environment.

Sucralose was approved in April
1998 as a tabletop sweetener and for
use in a number of desserts, confec-
tions, and nonalcoholic beverages. In
1999, sucralose was approved as a
general-purpose sweetener. FDA con-
cluded from a review of more than
110 studies in human beings and an-
imals that this sweetener did not pose
carcinogenic, reproductive, or neuro-
logic risk to human beings (102). At
this time, the FDA determined that
the EDI at the 90th percentile for con-
sumers 2 years of age and older was
1.6 mg/kg bw/day. The ADI for sucra-
lose is 5 mg/kg bw/day (103). The EDI
at the 90th percentile has a sweetness

that would be equivalent to the total
amount of nutritive sweetener com-
monly added to the diet.

In a multicenter, double-blind, pla-
cebo-controlled, randomized study,
sucralose at 3 times the maximum
EDI for 3 months had no significant
effect on glucose homeostasis in indi-
viduals with type 2 diabetes (104).

Consumers can use sucralose in
granular form for measuring and
pouring like table sugar and in pack-
ets in powder form. The bulking
agents used in these consumer prod-
ucts are in such small quantity that
sucralose meets the FDA labeling re-
quirements as a “no calorie” sweet-
ener with an insignificant energy
value per serving. For example, the
sweetening equivalent of 2 pounds of
sugar (770 kcal) is 3.8 oz of sucralose
plus the bulking agent (96 kcal). Su-
cralose is heat stable and thus can be
the sweetening agent in desserts and
baked goods.

NONNUTRITIVE SWEETENERS NOT YET
APPROVED IN THE UNITED STATES

Alitame is composed of L-aspartic
acid, D-alanine, and a novel C-termi-
nal amide moiety and is 2,000 times
sweeter than sucrose without the bit-
ter or metallic qualities of high-inten-
sity sweeteners (105). This sweetener
blends with other high-intensity
sweeteners to maximize the quality of
sweetness. From an oral load of alit-
ame, 7% to 22% is unchanged and
excreted in the feces. The remaining
amount (77% to 96%) is hydrolyzed to
aspartic acid and alanine amide. The
aspartic acid is metabolized normally
to yield 1.4 kcal/g. The alanine amide
is not hydrolyzed further and is ex-
creted in the urine as a sulfoxide iso-
mer, sulfone, or conjugated with glu-
curonic acid. There was a petition
submitted to the FDA in 1986 for ali-
tame’s use as a tabletop sweetener
and in a range of products including
baked goods, beverages, and confec-
tions. According to a January 2003
listing, this petition is in the abey-
ance category: the petition was fully
reviewed, found to be deficient, and,
when all information requested to ad-
dress deficiency is submitted, it will
be refiled and assigned a new filing
date (106).

A number of toxicity studies on ali-
tame were reviewed by the JEFCA
and reported in 1995 (107). The com-

mittee concluded that available stud-
ies did not indicate that alitame was
carcinogenic or showed reproductive
toxicity. In 1996, JECFA set an ADI
for alitame at 1 mg/kg bw/day. These
reports are available on-line for re-
view (108,109). In its 59th meeting
occurring in June 2002, JECFA post-
poned making ADI or other toxicology
recommendations about alitame until
findings of a 90-day tolerance study
were made available. In the FDA pe-
tition, the estimated daily intake as a
sole sweetener in all products is 0.34
mg/kg bw/day. The level at which no
observed adverse effects occurred in
animals was 100 mg/kg (105). Alit-
ame is approved for use in food and
beverages in Australia, New Zealand,
Mexico, People’'s Republic of China,
and Columbia.

Cyclamates were banned by the
FDA as a food ingredient in 1969 be-
cause the saccharin/cyclamate mix-
ture was shown to cause cancer in
experimental laboratory rats (110).
The primary concern was that it could
be toxic to some individuals who ap-
pear to metabolize cyclamate to cyclo-
hexylamine (111). To support a peti-
tion for use of cyclamate in 1982, the
Cancer Assessment Committee of
FDA reviewed the scientific evidence
and concluded that cyclamate was not
carcinogenic. This was reaffirmed in
1985 by the National Academy of Sci-
ences with the conclusion that “the
weight of the experimental and epide-
miological evidence does not indicate
that cyclamate by itself is carcino-
genic” (112). The petition to reap-
prove cyclamate in the United States
is still under review by the FDA. Ac-
cording to a January 2003 listing, this
petition is in the abeyance category as
described above. This sweetener is
more than 30 times sweeter than su-
crose. It is approved by the JECFA
and SCF and is in use by more than
50 countries worldwide. The JECFA
set an ADI for cyclamate at 11 mg/kg
bw/day (113).

Neohesperidine dihydrochalcone
is 1,500 times sweeter than sucrose.
It offers foods and beverages a licorice
flavor and can enhance the mouth-
feel of beverages. In the United
States, neohesperidine dihydrochal-
cone is GRAS as a flavor ingredient
but not as a sweetener. EU countries
have authorized the use of this sweet-
ener in a range of energy-controlled
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products (114). JECFA has estab-
lished no ADI for this sweetener at
present.

Stevia (Steveoside), derived from a
South American shrub, imparts a
sweet taste but cannot be marketed
or sold as a sweetener in the United
States. The FDA has not received suf-
ficient scientific evidence to assure
that this substance can be safely used
as a food additive. JECFA evaluated
steveoside in 1998 (115); no ADI was
set because insufficient data and
specifications were available. Stevia
can be sold as a “dietary supplement”
and may be available in packets that
resemble tabletop sweeteners. Con-
sumers should be informed that Ste-
via is not approved as a nonnutritive
sweetener.

Thaumatin is a mixture of proteins
with tight disulfide bonds, imparts an
intensely sweet taste, and acts as a
flavor enhancer. In the United States,
thaumatin is GRAS as a flavor ad-
junct for a number of categories. A
JECFA review of the biologic, toxico-
logic, teratogenic, allergenic, short-
term testing and some studies of this
sweetener in humans suggest that
thaumatin is not toxic (116). JECFA
set an AID of “not specified” (ie, no
need for a tolerance level).

SWEETENER USE AND HEALTH

Over the years, the effects of nutritive
and nonnutritive sweetener use on
health have been a concern among
health professionals as well as the
public for a variety of reasons
(13,117). One area involves the safety
of sweeteners for use by children,
when sweetener intakes are high rel-
ative to body weight, and pregnant
women, when the goal of the diet is to
support maternal and fetal health
(118). Concern about sweetener in-
takes has shifted from diabetes in the
1960s, to hyperactivity and behavior
issues in children in the 1990s, and to
the etiology of obesity in the 2000s.
Taken as a whole, nutritive and FDA-
approved nonnutritive sweeteners
are safe for children and pregnant
women. There is little direct clinical
evidence showing negative long-term
effects of these sweeteners (both nu-
tritive and nonnutritive) on overall
health. Two noted exceptions are the
impact of nutritive sweeteners on the
development of dental caries and, in
specific conditions, the hypertriglyc-
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eridemic effect of fructose. Support
for this conclusion can be found be-
low and in several recent reports
(34,119,120).

Sweetener Use During Childhood

Because of their size and relatively
high food and fluid intakes compared
with adults, children will have the
highest intake of nutritive and non-
nutritive sweeteners as calculated by
milligram intake/kg bw/day. Children
can safely consume nutritive sweet-
eners. Nonetheless, healthy young
children (6 to 18 months) can exhibit
malabsorption because of incomplete
digestion of fructose found naturally
in fruit juices or added to fruit drinks
and carbonated sodas. For example,
one cup of apple juice can contain 14 g
of fructose, and a 12-0z sweetened
soda or fruit drink has between 14
and 22 g of fructose. This is of concern
because there has been a substantial
rise in intake by children of all fruit
juices and drinks, as well as other
sweetened beverages (48). For exam-
ple, the majority of children consume
some type of fruit juice by 1 year of
age. In addition to the effects of fruc-
tose, an excessive load of polyols (eg,
>50 g/day of sorbitol; >20 g/day of
mannitol) may cause diarrhea. The
same cup of apple juice contains 2.5 g
sorbitol. Therefore, children exhibit-
ing nonspecific diarrhea may benefit
from a reduction in fructose and prod-
ucts containing polyols. It should be
noted that adults vary in their abili-
ties to absorb fructose, with some also
experiencing symptoms of malabsorp-
tion with a 20- to 50-g load (25).

The estimated intakes of nonnutri-
tive sweeteners in children are below
the established acceptable daily in-
takes for all approved sweeteners. As
a percentage of EDI to ADI, they are
as low as 10.4% for aspartame to as
high as 60% for acesulfame-K. It has
been suggested that caregivers may
want to limit intake of saccharin by
young children because of the limited
amount of data available for its use in
children (121). The wide range of nu-
tritive and nonnutritive sweeteners
available in the food supply, as well
as blending these sweeteners in food
and beverage systems, should con-
tinue to keep estimated intakes of
nonnutritive sweeteners in children
well below the acceptable daily in-
takes.

Sweetener Use During Pregnancy

Use of nutritive sweeteners is accept-
able during pregnancy. Recommenda-
tions for nonnutritive sweeteners use
during pregnancy must be based on
well-designed and approved clinical
investigations to ensure healthy preg-
nancy outcomes. As shown in Figure
2, tests on reproductive toxicity are
part of the toxicology testing required
for approval of sweeteners by regula-
tory agencies. These toxicology tests
examine effects of the nonnutritive
sweetener on reproductive abilities in
females and males as well as effects
on the developing fetus.

Some concern has been raised
about saccharin consumption during
pregnancy. Saccharin can cross the
placenta and may remain in fetal tis-
sues because of slow fetal clearance
(122). It is uncertain how the com-
bined exposure in utero and in the
diet may influence cancer risk. Ani-
mal studies suggest that neonatal ex-
posure showed the strongest relation-
ship to bladder cancer risk (100). One
ecologic study in humans (123) did
not find a relationship between early-
life exposure to saccharin and bladder
cancer but may not have followed the
offspring long enough for the cancer
to show (100). Although it has been
suggested that women consider care-
ful use of saccharin during pregnancy
(121), this suggestion was made prior
to recommendations to remove sac-
charin from the list of potential car-
cinogens (99,100).

The safety of acesulfame-K, aspar-
tame, sucralose, and neotame in preg-
nancy has been determined with rat
studies; the scientific community ac-
cepts rats and some other animals as
appropriate models for reproductive
toxicology testing that is applicable to
human beings. At high doses, there
was no change observed in fertility,
size of litter, body weight, growth, or
mortality for acesulfame-K (124), su-
cralose (102), or neotame (90). In the
case of aspartame, further evaluation
of safety in pregnancy relates to fetal
exposure to aspartic acid, phenylala-
nine, or methanol. Amino acids nor-
mally cross the placenta to nourish
the fetus. In animals, an aspartame
load does not change fetal exposure to
aspartic acid (125). Fetal circulation
levels of phenylalanine exceed mater-
nal levels because of concentration
across the placental barrier (126). A
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bolus of aspartame (34 mg/kg or the
99th percentile of estimated daily in-
take) results in a peak plasma level of
phenylalanine in normal subjects
(1.85 mg/dL) and phenylketonuric
heterozygotes (2.67 mg/dL) below the
level that would cause neurologic
problems in the fetus (18 mg/dL)
(127). Plasma response of methanol
and formate were not significant after
an aspartame load. Thus, if placental
transport of these compounds occurs,
the amount is not clinically harmful
(128). Use of aspartame within the
FDA guidelines appears safe for preg-
nant women. Thus, consumption of
these sweeteners within the accept-
able daily intakes appears safe dur-
ing pregnancy.

In summary, the studies on the ef-
fects of nonnutritive sweeteners on
reproductive abilities in females and
males as well as on the developing
fetus have been reviewed and these
sweeteners deemed safe by numerous
regulatory bodies and expert commu-
nities around the world. Thus, the
consumption of acesulfame potas-
sium, aspartame, saccharin, sucra-
lose, and neotame within acceptable
daily intakes is safe during preg-
nancy.

Dietary Quality and Sweetener Intake

As reported by the Institute of Medi-
cine, many foods and beverages con-
sumed by Americans that contain
added sugars have lower micronutri-
ent contents than foods and bever-
ages containing naturally occurring
sugars (34). Several reports have
linked high intakes of added sugars
(sweeteners) with low intakes of some
micronutrients (43,45,46,129,130). As
indicated previously, the Institute of
Medicine did suggest a maximal level
of intake of added sugars at 25% of
energy, after which dietary quality
might be reduced. Moreover, the In-
stitute decided that “it is not possible
to determine a defined intake level at
which inadequate macronutrient in-
takes can exist or define an intake
level at which micronutrient deficien-
cies can occur. Furthermore, at very
low or very high intakes, unusual eat-
ing habits most likely exist that allow
for other attributing factors to low mi-
cronutrient intakes” (34).

To date, no published literature ex-
ists on the relationship between non-
nutritive sweetener use and dietary

*HFCS was put in place of the
oriainal wordina of fructose.

quality. Nonnutritive sweeteners
could improve dietary quality if con-
sumers were to use energy savings for
consumption of nutrient-dense foods.
This might be especially important
for the aging population who need to
emphasize fluid intake while balanc-
ing low energy intakes with declining
energy needs because of sedentary
lifestyles (131). Nonnutritive sweet-
eners could offer consumers choice in
beverages and savings in energy that
they could use on nutrient-dense
foods. Nonnutritive sweeteners could
also increase the palatability of fruits
and vegetables that have less desir-
able sour or bitter qualities.

Obesity

Excess body fat (132) arises from the
energy imbalance caused by taking in
too much energy and expending too
little energy. Recent concerns have
been expressed regarding high intakes
of sweetened foods and beverages and
the possible association with the in-
creasing prevalence of overweight and
obesity across the population, includ-
ing children (35,42-46,133,134). Of
particular interest is consumption of
high-sugar, low-nutrient dense foods
(44,45), specifically sweetened sodas
and drinks (44,45,48,134-136). Al-
though an association can be shown
between intakes of sweeteners and
body weight, there is no current evi-
dence supporting a “direct link” be-
tween increasing obesity and increas-
ing sweetener intakes independent of
energy intakes (34).

Nonetheless, there is speculation
that high intakes of fructose (particu-
larly in the form of sweetened liquids)
increase energy intake and obesity
risk through the blunting of circulat-
ing insulin and leptin levels (137).
The blunted insulin and leptin re-
sponse results in a diminished ability
of the body to inhibit food intake and
feelings of satiety, which might result
in increased energy consumption
(137). This area deserves attention in
that there has been a dramatic in-
crease in *HFCS consumption since
1970. Consumption of sucrose and
fructose in the forms of sweetened
beverages may also promote weight
gain because liquid forms of energy
may be less satiating (138,139).

Obesity is a complex problem, and
its cause cannot simply be attributed
to any one component of the food sup-

ply such as sweeteners. Troiano and
colleagues (135) found higher intakes
of energy from sweetened soft drinks
among overweight than nonover-
weight youths, yet they suggest that
physical inactivity may be more sig-
nificant to the secular increase in
weight within this population. Recent
analyses by the National Bureau of
Economic Research identify increases
in total energy because of more fre-
quent eating of all foods (especially
those during snacking) (140) and less
physical activity because of techno-
logic advances (141) as causes of
higher rates of obesity. These findings
would support the review by the In-
stitute of Medicine that concluded,
“the effects of increased intakes of to-
tal sugars on energy intake is mixed
and the increased intake of added
sugars are most often associated with
increased energy intake” (34).
Nonnutritive sweeteners have the
potential to promote weight loss in
overweight and obese individuals.
The original motivation for their de-
velopment was based on the goal of
providing a sweet taste without en-
ergy to persons with diabetes and
those wanting to control energy in-
takes. Nonnutritive sweeteners have
the potential to save the consumer up
to 16 kcal/tsp of sweetening. Replac-
ing intake of added sugars with non-
nutritive sweeteners could result in a
deficit of 380 cal/day or 1 pound of
weight loss in 9 to 10 days, if intake
was at 95 g (24 tsp) daily. The energy
savings could be substantial for those
individuals who consume higher lev-
els of total energy from added sugars.
Nonnutritive sweeteners added to the
diet have been shown to promote
modest loss of weight (138) and,
within a multidisciplinary weight-
control program, may facilitate long-
term maintenance of reduction in
body weight (142). Nonnutritive
sweeteners can enhance the palat-
ability of low-energy foods (143) to aid
in reducing total energy intake. Fur-
ther research is required to assess the
role of nonnutritive sweeteners to
promote weight loss in overweight
and obese and weight management,
particularly over the long term (144).
The prevalence of obesity has in-
creased substantially at the same
time as the consumption of nonnutri-
tive sweeteners has increased. The
question is, do these sweeteners
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maintain a highly sweet food environ-
ment to increase risk of obesity
through appetite, intake, and energy
regulation mechanisms? Some evi-
dence primarily from studies with an-
imals suggests that high intakes of
sweets (nutritive sweeteners alone or
in mixtures with fat) promotes weight
gain through changes in neuropep-
tide control of appetite, intake, and
energy expenditure (145). The appli-
cation of this research to understand-
ing the rise in rates of obesity is spec-
ulative at this time. Additionally,
most of the research associating
sweet and ingestive behaviors has in-
volved nutritive sweeteners; accord-
ing to a previous review (146), nonnu-
tritive sweeteners do not have a
paradoxical effect to increase appetite
and food intake. Thus, the rise in
prevalence clearly relates to all fac-
tors that cause an energy imbalance.
Individuals who wish to lose weight
may choose to use nonnutritive
sweeteners but should do so within
the context of a sensible weight man-
agement program including a bal-
anced diet and exercise.

Diabetes and Glycemic Response

It is well recognized that sweeteners
do not cause diabetes. Increasing in-
takes of sugars are not associated
with increasing risk of diabetes
(147,148), with the latest affirmation
from a prospective study of over
39,000 women (149). Furthermore,
current evidence does not indicate
that, in isocaloric amounts, the glyce-
mic response to nutritive sweeteners
differs from dietary starch (150,151).
Intakes as high as 60 g fructose or
sucrose per day may not adversely
affect glycemic or lipid response in
persons with type 2 diabetes (152).
However, because there exists con-
cern for increased blood lipid levels
with high intakes of fructose (see hy-
perlipidemia section), addition of
fructose as a sweetening agent is not
recommended for people with diabe-
tes (151). Polyols, including trehalose,
produce a lower glycemic response
than fructose, glucose, or sucrose,
most likely because of their incom-
plete absorption (63). Therefore,
these substances can be used safely in
the diets of people with diabetes; how-
ever, because of its laxative effect, the
amount of polyols consumed may
need to be limited (especially in chil-
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dren). The nonnutritive sweeteners
do not affect glycemic response and
can be safely used by those with dia-
betes.

Given that the primary goal for
medical nutrition therapy of diabetes
is to maintain near-normal blood glu-
cose levels, the American Diabetes
Association suggests that attention
be given to the total amount of carbo-
hydrates in meals and snacks rather
than to glycemic responses resulting
from their consumption (151). Nutri-
tive sweeteners need not necessarily
be restricted, but, if consumed, they
should be substituted for other carbo-
hydrate sources rather than added.
Nonnutritive sweeteners also are ap-
propriate in medical nutrition ther-
apy for people with diabetes and may
help control energy intake. Dietetics
professionals can help persons with
diabetes incorporate nutritive and
nonnutritive sweeteners into their in-
dividual meal plans.

Hyperlipidemias

Nutritive sweeteners containing fruc-
tose and sucrose are of primary inter-
est related to hyperlipidemia. Diets
high in these sweeteners have been
shown to increase serum triacylglyc-
erol (TAG) and low-density lipopro-
tein (LDL) cholesterol levels in short-
term studies, particularly if the diet is
low in fat (34,153), with fructose be-
ing more hyperlipidemic than su-
crose. It should be emphasized that
not all studies show a positive associ-
ation. LDL concentrations have been
shown to rise with increases in sugar
intake (34). Effects on high-density
lipoprotein (HDL) levels are inversely
related to sugar intake (34).

Parks and Hellerstein (153) con-
cluded that the hyperlipidemic effects
are more pronounced when the carbo-
hydrate content of a high-carbohy-
drate diet is from monosaccharides
rather than oligo- and polysaccha-
rides. In addition, there is consider-
able genetic variability in TAG re-
sponses to high-sucrose diets as well
as influences by absolute amounts of
other dietary components present (eg,
fiber, total carbohydrates, and fat)
(119). Furthermore, few studies have
been conducted to evaluate the long-
term effects of high-sucrose diets.

Fried and Rao (119) conclude that
there is insufficient clinical data to
determine the amount of sucrose or

fructose that can be incorporated into
recommended dietary nutrient pat-
terns that will not raise TAG levels.
Current evidence does not indicate
any negative effects with consump-
tion of a moderately low-fat (30% of
energy), high-carbohydrate (sweeten-
ers or starch) diet on fasting TAG pro-
files in free-living Americans.

Dental Caries

Risk of dental caries increases with
intake of nutritive sweeteners; this
risk, however, does not work indepen-
dently of factors such as oral hygiene
and fluoridation (154,155). Develop-
ment of caries is multifactorial:
sweetener intake along with fre-
quency of meals and snacks, fre-
quency of tooth brushing, fluoridation
of water, direct application of fluo-
ride, and fluoridated toothpaste play
a role (156,157). Use of polyol-based
gum can reduce the risk of dental car-
ies in children, with the greatest ben-
efit in xylitol-based gums (158). The
FDA authorizes use of the health
claim in food labeling that sugar alco-
hols and some novel sugars (xylitol,
sorbitol, erythritol, tagatose, manni-
tol, maltitol, isomalt, lactitol, hydro-
genated starch hydrolysates, hydro-
genated glucose syrups, or a
combination of these) do not promote
tooth decay (58,159). Nonnutritive
sweeteners do not promote dental car-
ies.

Behavioral Disorders

Claims of an association between
sugar and hyperactivity have not
been supported, even in those chil-
dren who, by report, are sensitive to
sugar (160-163). During the early
1990s, theories of the effect of sweet-
eners and sweetener-containing foods
in relation to mood were proposed
(164). It was suggested that states of
anxiety, frustration, depression, and
general dysphoria (feeling unwell or
unhappy) were seen at the same time
as subjects noted increased intakes of
sweeteners (and carbohydrates in
general). Interestingly, any allevia-
tion of these feelings (as stated in self
reports) is followed by a more pro-
longed period of the original negative
feelings (160). Frequently, these neg-
ative feelings are not remembered be-
cause of the high motivation of the



ADA REPORTS

subjects to remove them. The sub-
jects’ wish to alleviate the negative
mood is very strong, yet the effect
does not last long, resulting in self-
defeating behaviors. On the other
hand, epidemiologic analyses have
noted a relationship between sugar
consumption (based on food availabil-
ity data) and major depression (165).
Obviously, more research is needed.
Given the weak and conflicting clini-
cal evidence, the sweeteners mood
theory has yet to be validated
(160,166).

More recently, interest has turned
to an “addictive” effect of sweeteners
(167,168). Levine and colleagues
(145) reviewed animal data that sug-
gest sucrose consumption creates
neurochemical changes in several
brain areas, including those involved
with pleasure-seeking behaviors (eg,
reward). Changes in levels of opiods
and dopamine with glucose adminis-
tration suggest a complex relation-
ship between these neurochemicals in
response to glucose. To date, few hu-
man studies have been conducted;
therefore, any application to humans
at this time is not justified.

As part of the FDA approval pro-
cess, toxicology testing can examine
the impact of nonnutritive sweeten-
ers on behavior. The approved nonnu-
tritive sweeteners did not show sig-
nificant effects on behavior, especially
when consumed within the acceptable
daily intakes.

Attention has been paid to the as-
sociation between aspartame and a
range of central nervous system and
behavioral conditions including head-
aches, seizures, cognitive impair-
ment, and mood disorders; a recent
critical review of the scientific litera-
ture refutes all such associations (75).
Upon initial approval, the Centers for
Disease Control (169) and the FDA
(170) reviewed behavioral complaints
and concluded that there was not a
specific cluster of effects associated
with aspartame use and that it did
not present a public health hazard.
Headache is the most frequent con-
sumer report, followed by dizziness,
mood changes, and nausea/vomiting,
based on a 1995 FDA review of over
7,000 consumer reports (171). Most
properly designed clinical studies do
not show a significant difference in
headache frequency between aspar-
tame and placebo (75,172). Nonethe-

less, individuals who contend that as-
partame associates with headaches
can use the food label to assist in
avoiding this nonnutritive sweetener.
Controlled clinical studies also have
not supported associations between
aspartame and risk of seizure (75),
even in those who report aspartame-
related seizures in response to an
acute aspartame load (50 mg/kg bw/
day). An aspartame load also did not
appear to exacerbate cognitive and
behavioral tasks on the short term in
people with attention deficit disorder
(173). The alleged association be-
tween hyperactivity and aspartame
has also not been scientifically sup-
ported (161). The speculation that as-
partame intake is associated with
greater risk of brain tumors (174) has
not been supported by scientists or
regulatory and government agencies
(75), including the FDA (175) and the
SCF (89).

IMPLICATIONS FOR DIETETICS
PROFESSIONALS

Nutritive and nonnutritive sweeten-
ers add to the pleasure of eating. Con-
sumers can enjoy a wide range of
sweeteners in a wide variety of foods
and beverages. Consumers can incor-
porate nutritive sweeteners into a
healthful eating plan and meet cur-
rent guidelines for healthful diets.
The range of nutritive and nonnutri-
tive sweeteners allows choice in the
type and amount of sweeteners to in-
clude in the diet. The ingredients dec-
laration on the food label provides in-
formation to consumers on types of
sweeteners contained in food and bev-
erages, although the amount of added
sugars is not listed in the Nutrition
Facts panel.

Nonnutritive sweeteners are safe
for use within the approved regula-
tions. They can increase the palat-
ability of fruits, vegetables, and
whole-grain breads/cereals and thus
have the potential to increase the nu-
trient density of the diet while pro-
moting lower energy intakes. The
trend in sweetener blending will max-
imize sweetening potential and sup-
port intakes of nonnutritive sweeten-
ers well within the acceptable levels.
National surveillance of intakes of
nonnutritive sweeteners, and the
foods and beverages to which they are
added, is important to assess whether

they assist consumers in meeting rec-
ommended dietary goals.

Dietetics professionals play an im-
portant role in educating the public
and their colleagues about the use,
safety, and health implications of
both nutritive and nonnutritive
sweeteners. The issue of sweeteners
can be contentious with some health-
related and consumer groups, who en-
courage the reduction or elimination
of sweetened foods and beverages
from the diet (especially for children).
The issue of sweeteners can engender
emotional feelings, which may have
greater personal meaning than sta-
tistical arguments (176). Dietetics
professionals must use science-based
evidence when making recommenda-
tions on use of nutritive and nonnu-
tritive sweeteners. The research to
date does not support a specific level
of intake of nutritive sweeteners, only
a maximal amount (25%) at which di-
etary quality is affected. This Position
Statement, supported by research ev-
idence, affirms inclusion of nutritive
and nonnutritive sweeteners within
the context of current dietary and
physical activity recommendations
for the public. Dietetics professionals
should empower consumers to trans-
late these recommendations into a
plan that meets personal health and
dietary goals as well as to individual-
ize recommendations based on spe-
cific health conditions.

Dietetics professionals can lead the
dialogue to help consumers and oth-
ers in addressing the following issues
of concern:

e recognize that sweeteners can add
to the pleasure of eating and that
these sweeteners can assist con-
sumers in improving the quality of
the diet if selected in appropriate
quantities and in forms that are
high in micronutrients;

e assist consumers in reading food
and beverage labels to determine
appropriate personal choices about
consumption of nutritive and non-
nutritive sweeteners; and

e facilitate the incorporation of
sweeteners within the context of
the total diet instead of simply ex-
amining the health benefits or risks
of individual foods or beverages
(56).

In terms of recommendation for fu-
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ture research needs, dietetics profes-
sionals can provide support for stud-
ies to do the following:

e evaluate the influence of nutritive
and nonnutritive sweeteners on di-
etary quality;

e examine the impact of nutritive and
nonnutritive sweeteners on satiety,
energy intake, and weight manage-
ment; and

e monitor intakes of fructose in rela-
tionship to health including gastro-
intestinal tolerance and hyperlipid-

emia in

individuals who may

present risk of these conditions.
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