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Position of the American Dietetic Association: Use of

Nutritive and Nonnutritive Sweeteners
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BSTRACT
weeteners elicit pleasurable sensa-
ions with (nutritive) or without (non-
utritive) energy. Nutritive sweeteners
eg, sucrose, fructose) are generally
ecognized as safe (GRAS) by the
ood and Drug Administration (FDA),
et concern exists about increasing
weetener intakes relative to optimal
utrition and health. Dietary quality
uffers at intakes above 25% of total
nergy (the Institutes of Medicine’s
uggested maximal intake level). In
he United States, estimated intakes
f nutritive sweeteners fall below
his, although one in four children
ages 9 to 18 years) can surpass this
evel. Polyols (sugar alcohols), GRAS-
ffirmed or petitions filed for GRAS,
dd sweetness with reduced energy
nd functional properties to foods/
everages and promote dental health.
ive nonnutritive sweeteners with in-
ense sweetening power have FDA
pproval (acesulfame-K, aspartame,
eotame, saccharin, sucralose) and
stimated intakes below the Accept-
ble Daily Intake (level that a person
an safely consume everyday over a
ifetime without risk). By increasing
alatability of nutrient-dense foods/
everages, sweeteners can promote
iet healthfulness. Scientific evidence
upports neither that intakes of nu-
ritive sweeteners by themselves in-
rease the risk of obesity nor that nu-
ritive or nonnutritive sweeteners
ause behavioral disorders. However,
utritive sweeteners increase risk of
ental caries. High fructose intakes
ay cause hypertriglyceridemia and

astrointestinal symptoms in suscep-
ible individuals. Thus, it is the posi-
ion of The American Dietetic Associ-
tion that consumers can safely enjoy
range of nutritive and nonnutritive

0002-8223/04/10402-0020$30.00/0

tdoi: 10.1016/j.jada.2003.12.001

2004 by the American Dietetic Associat
weeteners when consumed in a diet
hat is guided by current federal nu-
rition recommendations, such as the
ietary Guidelines for Americans
nd the Dietary References Intakes,
s well as individual health goals. Di-
tetics professionals should provide
onsumers with science-based infor-
ation about sweeteners and support

esearch on the use of sweeteners to
romote eating enjoyment, optimal
utrition, and health.
Am Diet Assoc. 2004;104:255-275.

eople are born liking the sensa-
tion of sweetness (1). Sweetness
can be a sensory cue for energy

o fuel metabolic needs and physical
ctivity. Foods that are naturally
weet, such as fruit and breast milk,
ontain important nutrients to sup-
ort health. Sweet foods and bever-
ges offer a pleasurable addition to a
eal or snack. Sweet-tasting com-

ounds help mask unpleasant tastes,
hereby enabling the development of
ore palatable foods, health care

roducts, and medicines.
Sweet taste is stimulated by a wide

ariety of compounds including sug-
rs, sugar alcohols, and dipeptides.
he properties of foods and beverages
ffect the sweetening power of these
ompounds, including physical state,
emperature, and the presence of
ther flavors. Compounds stimulate
he sweet sensation by interacting
ith taste receptors in the mouth and

hroat. Through a transduction mech-
nism, the sweet chemical message is
hanged to a nerve signal for the per-
eption of sweet taste. Models of
weet transduction are being tested
nder speculation that nutritive
weeteners have different mecha-
isms than nonnutritive sweeteners
2). Sweet taste perception and liking
or sweetness varies across individu-
ls. One source is genetic. A pheno-

ypical marker of genetic variation in d

ion Journa
aste is the bitterness of 6-n-propyl-
hiouracil (PROP) (3). Those who
aste PROP as very strongly bitter
lso taste a range of nutritive and
onnutritive sweeteners as sweeter
han those who taste PROP as weakly
itter (4). Sweet taste can be altered
n conditions that influence the integ-
ity of the taste system (5). These con-
itions may elevate sweet threshold
ie, lower sensitivity) but may depress
erceived sweet intensity at concen-
rations usual to eating. The aged
opulation can show elevated sweet
hresholds (depressed sensitivity) but
eport the sweetness of concentrated
weeteners equal to younger cohorts
6). Even though liking for sweet taste
s innate, the preferred level of sweet-
ess varies with a number of factors,
ome of which include taste genetics
7), exposure during childhood (8), di-
betes (9), being fed or fasted (10),
nd addiction (11).
The food supply offers consumers a
ide range of choice in sweeteners.
ne distinguishing characteristic of

weeteners is the provision of energy.
utritive sweeteners provide a sweet

aste and a source of energy; nonnu-
ritive sweeteners are sweet without
nergy. Because obesity rates have
ncreased globally (12), there is great
nterest in dietary factors that cause
nergy intake to exceed energy expen-
iture (13). Existing evidence does
ot support the claim that diets high

n nutritive sweeteners by themselves
ave caused an increase in obesity
ates or other chronic conditions (eg,
yperlipidemia, diabetes, dental car-

es, behavioral disorders) (14). None-
heless, consumers who want the
aste of sweetness without added en-
rgy may select nonnutritive sweet-
ners to assist in the management of
eight, diabetes, and other chronic
iseases. Nonnutritive sweeteners
lso have the potential to assist in

ental health and dietary quality.
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cientists have responded to consumer
emand by developing, researching,
nd producing a number of energy-
educed or nonnutritive sweeteners.

OSITION STATEMENT
t is the position of The American Di-
tetic Association that consumers can
afely enjoy a range of nutritive and
onnutritive sweeteners when con-
umed in a diet that is guided by cur-
ent federal nutrition recommenda-
ions, such as the Dietary Guidelines
or Americans and the Dietary Refer-
nces Intakes, as well as individual
ealth goals.

YPES OF SWEETENERS
lthough sweeteners can be grouped

number of different ways, the
rouping “nutritive” and “nonnutri-
ive” acknowledges a difference in the
mount of energy provided. A variety
f ingredients impart sweetness with
n energy value that equals 4 kcal/g
Figure 1). Sugar alcohols or polyols
weeten with less energy per gram
averaging 2 kcal/g); because they are
ot fully absorbed from the gut, poly-
ls are less available for energy me-
abolism (Table 1). Nonnutritive
weeteners offer no energy (or insig-
ificant energy in the case of aspar-
ame), and, because they sweeten
ith little volume, they can also be

eferred to as high-intensity sweeten-
rs (Table 2). Both polyols and nonnu-

Added sugars Food Guide Pyramid
Departments of A
and Health and H
Services)1

Caloric sweeteners Food Availability Dat
(Economic Resear
Service, USDA)2

Sugars Food Label, in the N
Facts Panel (FDA)

Sugar Food Label, in the In
Statement (FDA)3

1Reference (54).
2Reference (35).
3Reference (57).

igure 1. Commonly used definitions to desc
utrition. © Am. J. Clin. Nutr. American Socie
ritive sweeteners can replace sugar c

56 February 2004 Volume 104 Number 2
weeteners and are thus termed ma-
ronutrient substitutes, sugar substi-
utes, sugar replacers, or alternative
weeteners.

The use of nutritive and nonnutri-
ive sweeteners is evaluated by gov-
rning bodies throughout the world;
hese include the Food and Drug Ad-
inistration (FDA) of the United
tates and expert scientific commit-
ees such as the Scientific Committee
n Food (SCF) of the European Com-
ission, the Joint Expert Committee

f Food Additions (JECFA) of the
nited Nations Food and Agricul-

ural Organization, and the World
ealth Organization (WHO).
In the United States, some sweet-

ners are considered generally recog-
ized as safe (GRAS) ingredients, and
thers are food additives as defined by
he 1958 Food Additives Amendment
o the Federal Food, Drug, and Cos-
etic Act. The procedures for premar-

et approval and procedures for
RAS status evaluation are found in

he Code of Federal Regulations (21
FR 170) (see FDA [15] for on-line
ccess). GRAS sweeteners have scien-
ific consensus on their safety based
n a history of use prior to 1958 or on
ell-known scientific information (21
FR, parts 182 and 184). Some, but
ot all, GRAS substances are listed in
1 CFR 182 and 184. Manufacturers
ften determine that use of a sub-
tance is GRAS and sometimes will
otify FDA of their conclusions. Be-

ulture
n

Eaten separately or used as ingre
white sugar, brown sugar, raw
fructose corn syrup, malt syrup
sweetener, liquid fructose, hone
dextrose.) May contain oligosac

Sweeteners consumed directly an
refined cane and beet sugars]),
sweeteners (primarily high fruc

tion All monosaccharides and disaccha
well as those added to a food o
lactose, honey, syrup, corn syru
fruit juice concentrate). Any olig
not counted.

dients Indicates sucrose in ingredients st

nutritive sweeteners in food. (Adapted with
or Clinical Nutrition [32].)
ause substances whose use is GRAS t
re not subject to FDA approval,
anufacturers may market on the

asis of their own determination, pro-
ided that such a determination is
orrect. To GRAS notifications, FDA’s
esponse falls in one of three catego-
ies (16): “1. The agency does not
uestion the basis for the notifier’s
RAS determination; 2. The agency

oncludes that the notice does not
rovide a sufficient basis for a GRAS
etermination (eg, because the notice
oes not include appropriate data and
nformation or because the available
ata and information raise questions
bout the safety of the notified sub-
tance); or 3. The agency has, at the
otifier’s request, ceased to evaluate
he GRAS notice.” A summary of GRAS
otices received by FDA since 1998
an be found on the Internet (17).
In the United States, the FDA must

pprove the safety of all food addi-
ives. The Code of Federal Regula-
ions (21 CFR 171), revised April 1,
002, defines food additives and out-
ines the procedures for evaluating
he safety of these substances (see US
epartment of Agriculture (18) for

n-line access). During review of po-
ential sweeteners as food additives,
he FDA asks these basic questions:
a) How is it made? (b) What are the
roperties of the sweetener in food
nd beverage systems (ie, product
pecifications)? (c) How much of the
weetener will be consumed and will
ertain groups be particularly suscep-

ts in processed or prepared foods (such as
ar, corn syrup, corn syrup solids, high
aple syrup, pancake syrup, fructose
molasses, anhydrous dextrose, crystal
rides.

food ingredients (such as sucrose [from
ney, dextrose, edible syrups, and corn

corn syrup). Contains oligosaccharides.
s (includes naturally occurring sugars as
rink, such as sucrose, fructose, maltose,
high fructose corn syrup, molasses, and
ccharides present in these compounds are

ment.

rmission by the American Journal of Clinical
(US
gric
uma

dien
sug
, m
y,
cha

a
ch

d as
ho

tose
utri
3

ride
r d
p,
osa

gre ate

ribe pe
ible to the food additive? And (d) is



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 GRASa—Label must warn about a
laxative effect

Same as chemical name 50%-70% as sweet as sucrose; some
individuals experience a laxative effect
from a load of �50 g.

Mannitol 1.6 Approved food additive; the label
must warn about a laxative
effect

Same as chemical name 50%-70% as sweet as sucrose; some
individuals experience a laxative effect
from a load of �20 g

Xylitol 2.4 Approved food additive for use in
foods for special dietary uses

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

Erythritol 0.2 Independent GRAS determinations;
no questions from FDA

Same as chemical name EDI mean: 1 g/p/d; 90th percentile:
4 g/p/d

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

D-Tagatose 1.5 Independent GRAS determinations;
no questions from FDA

Same as chemical name EDI mean: 7.5 g/p/d; 90th percentile:
15 g/p/d ADI 15 grams/60 kg
adult/d

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

Disaccharide polyols
or novel sugars

Isomalt 2 GRAS affirmation petition filed Same as chemical name 45%-65% as sweet as sucrose; used as a
bulking agent.

Lactitol 2 GRAS affirmation petition filed Same as chemical name 30%-40% as sweet as sucrose; used as a
bulking agent.

Maltitol 2.1 GRAS affirmation petition filed Same as chemical name 90% as sweet as sucrose; used as a
bulking agent.

Trehalose 4 Independent GRAS determinations;
no questions from FDA

Same as chemical name EDI mean: 34 g/p/d; 90th percentile:
68 g/p/d

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

Polysaccharide polyols
HSH 3 GRAS affirmation petition filed Hydrogenated starch

hydrolysates;
maltitol syrup

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

aGRAS�Generally recognized as safe.
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REPORTS
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he sweetener safe and does it cause
dverse effects to the individual or
ffspring, including cancer, or chronic
oxicity? Figure 2 shows routine pro-
edures for testing the safety of food
dditive sweeteners. For sweeteners,
his testing may be augmented to ad-
ress specific end points (eg, neuro-
oxicity testing) and effects on hu-
ans with relevant conditions (eg,

esting sweetener effects on glucose
omeostasis in those with diabetes).
his testing establishes a safety limit
f food additives or conditions of use
hat are expressed as the Acceptable
aily Intake (ADI)—the estimated
mount (usually milligrams) per kilo-

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

Mutagenicity/clastogenicity
Chronic toxicity (long-term dietary administra

years)
Carcinogenicity (long-term administration at

dose)
Reproductive toxicity (single/multiple dose st

multigenerational studies with dietary adm
during mating, gestation, and suckling)

Metabolism and pharmacokinetic studies

igure 2. Summary of toxicology testing for fo

Table 2. Approved nonnutritive sweeteners

Type kcal/g Regulatory status

Saccharin 0 Approved as a swe
and as a tabletop
with specific ma
allowed

Aspartame 4a Approved as a gene
sweetener

Acesulfame-K 0 Approved as a gene
sweetener

Sucralose 0 Approved as a gene
sweetener

Neotame 0 Approved as genera
sweetener

aThis sweetener does provide energy; however, because
spects. In: Corti A, ed. Low-calorie Sweeteners:

58 February 2004 Volume 104 Number 2
ram of body weight that a person can
afely consume on average every day
ver a lifetime without risk (hereafter
bbreviated as mg/kg bw/day). ADI is

conservative level: it usually re-
ects an amount 100 times less than
he maximum level at which no ob-
erved effect occurs in animal (or very
ccasionally human) studies. The ADI
oncept is communicated by the FDA
nd expert scientific committees in-
luding JECFA and SCF. Use levels
re set to assure that intakes are be-
ow the ADI. These bodies monitor
stimated daily intakes vs ADI. If es-
imated daily intakes exceed the ADI,
here may be limitations on use of the

Outputs
Nature of acute effec
Nature of toxicity; tar

effect level); maxim
Evidence of potential

, eg, 6 months to 2 Nature of chronic tox
dose-response cha

imum tolerated Carcinogenic potentia

s during pregnancy;
tration prior to and

Effects on male and
potential; effects o

Degree of absorption,
and metabolites, d

dditives, based on reference (177): Walker R.

Other names Desc

er for beverages
eetener in foods

um amounts

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

200-7
an
the
no
red

purpose Nutrasweet, Equal,
Sugar Twin
(Blue box)

160-2
an

purpose Sunett, Sweet &
Safe, Sweet
One

200 t
pro
sw
sw
wi

purpose Splenda 600 t
pro
po

rpose Not available at
time of
publication

8,000
an
po

e intense sweetness, the amount of energy derived from i
Present and Future. World Rev Nutr Diet. 1999;8
weetener. A recent evaluation of
onnutritive sweeteners intake world-
ide reveals that intakes of nonnutri-

ive sweeteners are well below accept-
ble levels (19).
Tables 1 and 2 provide a summary

f the energy and regulatory status
nd descriptions of approved polyols
nd nonnutritive sweeteners. Health
rofessionals and consumers can see
listing of food ingredients by visit-

ng the FDA “Everything” Added to
ood in the United States (EAFUS):
ood Additive Database (20); they can
lso view sweetener additive reports
n the Internet from the JECFA (21)
nd the SCF (22).

overdose); median lethal dose
organ(s); dose-response; NOEL (no adverse
tolerated dose

otoxocity
; target organ(s); cumulative effects;
teristics; NOEL
otency

ale fertility; fetotoxicity; teratogenic
ctation and postnatal development

tribution in the body, route of metabolism
e and mode of elimination

ural versus “Artificial” Sweeteners: Regulatory

ion

times sweeter than sucrose; noncariogenic
oduces no glycemic response; synergizes
eetening power of nutritive and

tritive sweeteners; sweetening power is not
d with heating
times sweeter than sucrose; noncariogenic
oduces limited glycemic response

s sweeter than sucrose; noncariogenic and
es no glycemic response; synergizes the

ening power of nutritive and nonnutritive
eners; sweetening power is not reduced
eating.
s sweeter than sucrose; noncariogenic and
es no glycemic response; sweetening
is not reduced with heating
es sweeter than sucrose; noncariogenic
oduces no glycemic response; sweetening
is not reduced with heating

egligible.
ts (
get
um
gen

tion icity
rac

max l; p

udie
inis

fem
n la

dis
egre

od a Nat
ript

eten
sw

xim

00
d pr

sw
nnu
uce

ral- 20
d pr

ral- ime
duc
eet
eet
th h

ral- ime
duc

wer
l-pu tim

d pr
wer

of th t is n
5:117-124. S. Karger AG, Basel, Switzerland.
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ADA REPORTS
UTRITIVE SWEETENERS
s Components of Food and Beverages
ucrose and fructose, which are
RAS substances, are primary sugar

weeteners that occur naturally or
re added to foods. However, a host of
ther ingredients are included in the
utritive sweetener category (Figure
). As can be seen, nutritive sweeten-
rs are described differently by regu-
atory agencies. In addition to their
ensory qualities, nutritive sweeten-
rs add functional properties to foods
hrough their effects on physical (eg,
rystallization, viscosity), microbial
eg, preservation, fermentation), and
hemical (eg, caramelization, antioxi-
ation) characteristics (23).
Sucrose is a disaccharide composed

f glucose and fructose that provides
kcal/g (approximately 16 kcal/tsp).
ommercially, sucrose comes from
rocessing sugar cane or sugar beets.
efinement removes the yellow-
rown pigments of unrefined sugar to
roduce the white crystal form of ta-
le sugar. Molasses is the least re-
ned form of sucrose.
The monosaccharide fructose also

rovides 4 kcal/g. Fructose is a com-
onent of sucrose (50% fructose), is
resent in fruit (also known as fruit
ugar or levulose), and is added to
oods and beverages as high fructose
orn syrup (HFCS; 42% to 55% fruc-
ose) or in the crystalline form. Fruc-
ose has replaced sucrose in many
oods and beverages because of its
weetening power, lower cost, and
unctional properties that enhance
avor, color, and product stability
24). Fructose also synergizes the
weetness potential of sucrose and
ertain nonnutritive sweeteners (24).

igestion and Absorption
utritive sweeteners are easily di-
estible except in the cases of rare
enetic abnormalities of carbohydrate
etabolism (eg, galactosemia, inher-

ted fructose intolerance) (25). The
bsorption of sweeteners occurs inde-
endent of other dietary sources. The
rush border surface of the small in-
estine contains the enzymes maltase,
ucrase, trehalase, and lactase that
reak down maltose, sucrose, treha-
ose, and lactose, respectively, into
heir constituent monosaccharides (26).
bsorption rates differ in that fruc-
ose is absorbed slower than glucose s
nd galactose but faster than polyols
27). Fructose is better absorbed when
onsumed as sucrose (28) than in
roducts where the amount of free
ructose exceeds the amount of glu-
ose (eg, honey, prunes, apples, apple
uice, some HFCS, or crystalline fruc-
ose) (25).

Glucose and galactose are actively
bsorbed through the ATP-sodium-
otassium ion pump. Fructose, how-
ver, is absorbed by either facilitated
iffusion or active transport, with
oth transport mechanisms being sat-
rable (29), leaving unabsorbed fruc-
ose free to travel down the intes-
ines. Through use of hydrogen
reath tests, malabsorption of fruc-
ose can be detected in 37% to 80% of
therwise healthy adults in response
o a 50-g fructose load (29) and in over
0% of children to a 2-g/kg bw/day
oad (30) (12 oz sweetened soda or
ruit drink has between 14 and 22 g
ructose; 1 cup of apple juice has 14 g
ructose). Malabsorption symptoms

ay vary among individuals who
how high levels of breath hydrogen
fter fructose loads because of an
daptive response of the intestinal
acterial flora (29). Nonetheless, non-
pecific diarrhea can result in young
hildren with fructose intakes that
xceed these loads (especially if fruc-
ose is ingested with other indigest-
ble carbohydrates and sorbitol); this
iarrhea should not occur at recom-
ended intake levels (29).
Although some unrefined nutritive

weeteners provide minerals (eg, mo-
asses contains calcium, iron, magne-
ium, and potassium), the amount
er teaspoon of these minerals is
ractically negligible compared with
he Dietary Reference Intakes (31).
hus, consumers should base their
election of nutritive sweeteners on
ensory or functional properties, not
n misconceptions of differences in
utrient value.

onsumption
uman metabolism does not distin-

uish between sugars found in a food
nd those added to the food; however,
cientists, economists, health profes-
ionals, and the public make these
istinctions. For example, a common
elief is that fructose in fruit juices is
ifferent from fructose added to pro-
uce fruit drinks. Fructose is ab-

orbed, digested, and metabolized in t

Journa
n identical manner no matter what
he source. Misconceptions such as
his have led to confusion regarding
onsumption patterns (32). Adding
ore confusion is the variety of terms

sed to describe “sweet” foods and in-
redients (Figure 1).
Food consumption patterns are
onitored in two ways: food intake

self-reported survey data) and food
vailability (economic estimates).
ood intake data tend to underesti-
ate whereas food availability data

verestimate consumption (32).
Food intake information has been

ased on two nationwide monitoring
urveys: the Continuing Survey of
ood Intakes by Individuals (CSFII)
nd the National Health and Nutri-
ion Examination Survey (NHANES).
hese two surveys have been com-
ined for future US nutrition surveil-
ance. The 1994-1996 CSFII provides
everal different nutritive sweetener
ntake measures (33) and reports av-
rage population intakes of 25 g/day
f sugars and sweets as well as in-
akes of foods containing nutritive
weeteners (eg, 95 g/day of fruit
rinks and ades; 253 g/day regular
arbonated beverages; 60 g/day of
itrus juice; and 27 g/day noncitrus
nd nectars). The median daily in-
ake of added sugar, according to the
HANES III data, varies widely
cross population groups, ranging
rom 10 to 30 teaspoons (40 to 120
/day) (34).
Food availability data, according

o the Economic Research Service
ERS), showed a per capita daily in-
ake of 31.1 teaspoons of added sug-
rs (124.4 g) in 2001, which repre-
ented a decline in daily consumption
rom 31.9 teaspoons in 1992 (35).
orn sweeteners make up more than
alf of this estimated intake. Con-
umption of HFCS has increased
,000%, from 1.5 pounds (dry weight
quivalent) per capita yearly intakes
n 1970 to 1974 to 62.7 pounds in 2000
35). Concomitantly, estimated yearly
er capita intake of dextrose corn
weeteners declined 26%, from 4.6 to
.4 pounds, and refined cane and beet
ugars decreased 35%, from 100.5 to
5.6 pounds, while glucose intakes re-
ained virtually unchanged. The in-

rease in consumption of this corn
yrup could have implications for ab-
orption and lipid profiles in suscep-

ible individuals (see sections on Di-

l of THE AMERICAN DIETETIC ASSOCIATION 259
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2

estion and Absorption as well as
yperlipidemias, respectively).
The ability to monitor estimated

onsumption of nutritive sweeteners
s influenced by a number of factors.
or intake data from the CSFII and
HANES, intakes are self reported
nd, thus, not always accurate (36-
0). The USDA nutrient database is
sed to translate what is self reported

nto sweetener intake; the accuracy of
his database affects the accuracy of
he estimated intake. The database
ses ingredient amounts rather than
ctual amounts measured after pro-
essing and cooking; it is unknown
ow these two amounts differ. For
ood availability, data from ERS re-
ect an economic estimate of the
mount of nutritive sweeteners within
he food supply available to every US
onsumer. The ERS does adjust the
stimated total sweetener supply for
late waste and some other losses but
ot for nonfood and nonbeverage uses
41). The lack of accounting for all
osses may explain the discrepancy
etween food availability and intake
stimates of nutritive sweetener con-
umption. Adjustments for these non-
ood uses are made in the evaluation
f the nonnutritive sweeteners.
Nationwide monitoring surveys re-

eal currently available estimates of
verage intake of energy from nutri-
ive sweeteners ranging between 15%
nd 21%. Using the Food Guide Pyr-
mid definition for sweeteners (Fig-

Table 3. Distribution of individuals consumin

Population group 0% to <5% 5% to <10%

4™™™™™™™™™™™™™™™™™™™
Children, 4-8 y 7 18
Males

9-13 y 7 14
14-18 y 6 13
19-50 y 15 18
50� y 22 23

Females
9-13 y 6 14
14-18 y 6 13
19-50 y 13 16
50� y 23 25

aIndicates individuals consuming over the 25% recomme
NOTE. Data from: National Academy of Sciences, Institute
Washington, DC; 2002. Tables J1-9.
re 1), the 2-day average for percent- (

60 February 2004 Volume 104 Number 2
ge of energy from added sugars is
5.7% (11.6% for 65�-year-old men
nd 20% for all adolescents) (42).
rebs-Smith (43) calculated an aver-
ge population intake of 15.8%�0.17%
EM added sugars with a range
f 18.6%�0.17% for children and
4.8%�0.21% for adults (�20 years).
ant (44) analyzed NHANES III data

adults only) for energy-dense, nutri-
nt-poor food intakes (defined as des-
erts and sweeteners including sugar,
andy, syrup, and sweetened carbon-
ted and noncarbonated beverages).
esserts accounted for 8.6% of energy
nd sweeteners for 9.4%. Using the
RS per capita caloric intake (ap-
roximately 2,750 calories), added
ugars would account for approxi-
ately 18.1% of total calories. The
ean percentage for usual daily in-

ake of added sugar derived from the
HANES III (1988-1994) data is
1.1% of total energy.
Of particular interest is the amount

f added sugars in the American diet
45,46). The highest average daily in-
ake is during adolescence (about 20%
nergy) and declines as age increases
33,34). Men 19 to 50 years of age are

ost likely to be in the highest cate-
ory of added sugar intake (�95th
ercentile or 55 tsp/day) (34). The dis-
ribution of added sugars as a per-
entage of energy varies across the
opulation according to Tables J1-9
rom the National Academy of Sci-
nces, Institutes of Medicine (Table 3)

arying levels of added sugars as a percentag

Percentage of Energy as Added S

10% to <15% 15% to <20% 20% to <25

™™™™™™™™™™™™™™™™™™™™™™™™ n ™™™™™™™™™™
25 21 15

23 19 16
18 23 20
21 18 13
22 15 9

20 21 17
15 21 15
19 17 13
21 14 9

maximal level of added sugars intake.
edicine. Dietary reference intakes for energy, carbohydrat
34). Less than 10% of adults age 50� o
ears consume greater than 25% of
nergy from added sugar, the maxi-
al intake value established by the

OM, whereas nearly one-third of ad-
lescent females (14 to 18 years) ex-
eed this level. Intakes of energy from
dded sugars show age-related de-
lines; as males and females age, a
reater proportion are consuming
0% or less of added sugars as ex-
ressed as percentage of energy.
For the entire population using

SFII databases, sweetened soft drinks
ccount for almost one-third of the
dded sugars intake (42); these
rinks are sweetened primarily with
FCS. Girls ages 6 to 11 years in-

reased intakes of these beverages by
4 g from 1977-1978 to 1994-1996,
998 (106 to 200 g), while the increase
or boys rose 105 g over the same time
eriod (112 to 217 g) (47). Examining
SFII data by ounces of beverage con-
umed per day, sweetened carbonated
oft drink consumption shows a steep
ise across childhood with the peak at
6 years (2.1 oz for 1 to 3 year olds,
.5 oz for 4 to 8 year olds, 9.7 oz for 9
o 13 year olds, and 18 oz for 14 to 18
ear olds), while fluid milk consump-
ion and 100% fruit juice intake de-
lined or remained the same, respec-
ively (48). Consumption of 100%
ruit juices by American children fell
ithin the recommendations made by

he American Academy of Pediatrics
49). These guidelines are the follow-
ng: no juice for infants 0 to 6 months

energy

rs

25% to <30%a 30% to <35%a >35%a

™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™3
9 4

10 5 5
12 8
7 4 4
5 3 2

10 6 5
13 8 10
9 5 7
4 2 2

er, fat, fatty acids, cholesterol, protein and amino acids.
g v e of

uga

%

™™™ ™™™

nded
of M e, fib
ld; from 6 to 12 months, there is no
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ADA REPORTS
ritten recommendation; from 1 to 6
ears, 4 to 6 oz of juice per day; and
or ages 7 to 18 years, 8 to 12 oz daily.
or children ages 1 to 4 years, daily
00% fruit juice intakes exceeded in-
ake of fruit drinks/ades (3.6 oz) but
as less than milk consumption (12.6
z). For those 14 to 18 years of age,
arbonated soft drink intake exceeded
onsumption of fluid milk (7.8 oz) and
ruit drinks/ades (5.7 oz) (49). Hypo-
hetically, approximating consump-
ion of the sugar sweetened drinks by
he 50th percentile kilograms body
eight per age (50), intake of 100%

ruit juice, fruit drinks/ades, and car-
onated soft drinks is estimated to be
ighest in children up to the age of 8
ears. For example, according to av-
rage intake of these drinks (48), a
7-month-old boy who weighs 13.6 kg
ould consume 0.82 oz/kg, a 6-year-
ld boy who weighs 21 kg would con-
ume 0.61 oz/kg, an 11-year-old boy
ho weighs 36 kg would consume
.49 oz/kg, and a 16-year-old boy who
eighs 61 kg would consume 0.45 oz/
g.
The CSFII data also show that non-
ispanic white and non-Hispanic
lack preschoolers had higher added
ugars and energy intakes than His-
anic preschoolers (51). Furthermore,
hose low-income preschoolers en-
olled in the Women, Infants and
hildren Nutrition Program (WIC
rogram) consumed less added sugar
han nonparticipating low-income
hildren (51). To put these intakes in
erspective, both consumption and
vailability data indicate that the av-
rage population intakes do not ex-
eed the recently established Recom-
ended Maximal Intake of 25% of

nergy from added sugars (34). This
evel was chosen because it repre-
ented the highest point of sugar in-
ake (based on NHANES III data) be-
ore a reduction in micronutrient
ntake is observed.

uidance
n the United States, the USDA, the
nstitute of Medicine, and the USDA
n conjunction with the Department
f Health and Human Services
DHHS) have made recommendations
egarding use of sweeteners added to
ood and beverages. These are the
ood Guide Pyramid, the Dietary Ref-
rence Intakes, and the Dietary

uidelines, respectively. The USDA i
ood Guide Pyramid statement reads
s follows: “Use sugars sparingly”
52). The Institute of Medicine’s Di-
tary Reference Intakes suggests a
aximal intake of 25% of energy in

he form of added sugars (34). In
002, Dietary Guidelines released by
he USDA and DHHS do not state a
umerical value but state “choose a
iet moderate in sugars,” with the ad-
itional suggestion to eat less sugar
nd fewer sweets (such as candy,
ookies, cakes, and soda) (53).
In describing the Food Guide Pyra-
id, USDA suggested intakes rang-

ng from 6% to 10% of energy (a range
f 6 to 18 teaspoons depending on the
otal energy intake) from added sug-
rs (54). As described in that publica-
ion, this range was not intended as a
ecommendation of an optimal amount
f added sugars but rather as a goal to
eet nutritional needs and balance

alories while not exceeding the con-
umption levels of added sugars re-
orted at that time. A series of calcu-
ations were made to determine this
ange. Using the number of serv-
ngs for each nutrient-containing food
roup, three levels of energy were es-
ablished to meet the needs of most
mericans (1,600, 2,200, and 2,800
cal). Estimates of energy from fat
using 30% as the goal) were then cal-
ulated. Using foods representing the
owest fat level (eg, fat-free milk), an
ntake pattern representing the low-
st number of servings from each food
roup resulted in energy ranges from
,220 to 1,990 kcal. The energy differ-
nce between the estimated total en-
rgy needs and that for the food pat-
ern developed was obtained. This
mount could be used to determine
dditional foods to add to the diet,
ncluding foods with added sugars.
hus, the suggestion of 6% to 10% of
nergy from added sugars was not
ased on any scientific evidence re-
arding health impacts but was cal-
ulated using the Food Guide Pyramid.

The Dietary Reference Intakes rec-
mmendations on added sugar intake
epresent a synthesis of scientific
vidence and analysis of data from
utrition surveillance. During the
ommittee’s deliberations, only rec-
mmendations based on available sci-
ntific evidence (primarily derived
rom clinical studies) were consid-
red. To determine a recommended

ntake level, the Institute analyzed s

Journa
he NHANES III data for various mi-
ronutrient intakes at every fifth per-
entile of added sugars intake as a
ercentage of energy (from 0% to
5%) (34). Micronutrients examined
ere vitamins A and E, calcium, mag-
esium, iron, and zinc. Additionally,
eterminations of the prevalence of
hose not meeting the Estimated Av-
rage Requirement or exceeding Ade-
uate Intake for these micronutrients
ere made for gender and age groups.
lthough there was some age incon-
istency, as intakes of added sugars
ncreased, intakes of calcium, vitamin
, iron, and zinc declined. On the ba-
is of this analysis, and other evi-
ence-based information, the commit-
ee concluded that a maximal intake
f 25% of energy from added sugars
ould ensure that dietary quality

ould be maintained. Any higher level
ould result in diets of poorer quality.
The WHO is currently in the pro-

ess of designing a global strategy for
aking recommendations regarding

iet, physical activity, and health
55). On the basis of the opinions of a
oint consultation report, the WHO
ecommended 10% of energy from
dded sugars (defined as “free sug-
rs”). The strategies used in the
anel’s deliberations encompass their
nterpretation of a range of epidemio-
ogic, economic, social, and political
mpacts on the prevention and control
f noncommunicable diseases. Thus,
he proposed 10% intake recommen-
ation may not be based solely on sci-
ntific evidence.
Dietetics professionals should com-
unicate science-based messages

bout recommendations for added
ugar intake with the understanding
hat all foods can fit into healthful
iets, even those high in added sugars
56). For individual recommendations
n intakes of added sugars, dietetics
rofessionals should assess food in-
ake within the context of the entire
iet and by considering personal
ealth and nutrition goals. Consum-
rs can monitor their intake of total
ugars (but not added sugars)
hrough the labels on foods and bev-
rages. The Nutrition Labeling and
ducation Act of 1990 (57) required

he labeling of total sugars. Through
ublic rule making, the FDA defined
abeling of total sugars (ie, any

onosaccharide or disaccharide) and

ugar alcohols. The FDA regulates la-
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eling a product as “sugar-free” (less
han 0.5 g sugar), “reduced sugar” or
less sugar” (a reduction of sugar by
5%), and “no added sugar” (no sug-
rs added during processing).

olyols (Sugar Alcohols) and Novel Sugar
weeteners
oods containing polyols can be la-
eled as sugar-free because they re-
lace sugar sweeteners. They also
ontain less energy than sugars and
ave other potential health benefits
eg, reduced glycemic response, de-
reased caries risk, prebiotic effects).
olyols can have a chemical structure
hat is monosaccharide-derived (eg,
orbitol, mannitol, xylitol, erythritol),
isaccharide-derived (eg, isomalt, lac-
itol, maltitol), or polysaccharide-de-
ived mixtures (eg, maltitol syrup, hy-
rogenated starch hydrolysates [HSH]).
lthough many polyol sweeteners oc-

ur naturally in plants, they are pro-
uced for commercial usage. D-taga-
ose and trehalose are two novel
ugars that offer sweetening power
nd functional properties in foods and
everages, as well as potential health
enefits. D-tagatose has a chemical
tructure similar to fructose, and tre-
alose is a disaccharide found in
ushrooms. Products containing these

weeteners cannot be labeled as sugar
ree (58).

Polyols (sugar alcohols) and sugar-
erived sweeteners are regulated as
ither GRAS or food additives. In nu-
rition labeling, declaration is re-
uired when a claim is made about
ugar alcohols or sugars (ie, sugar
ree) when sugar alcohols are present
n the food. For voluntary and re-
uired declarations on the Nutrition
acts panel, “sugar alcohols” and
ram weight are listed under total
arbohydrate. If only one sugar alco-
ol is used, the specific name may be
ubstituted for “sugar alcohol” (eg, xy-
itol) (21 CFR 101.9(c)(6)(iii)). D-taga-
ose and trehalose would appear on
he food label in the ingredient decla-
ation.

The polyols offering reduced-calorie
weetening are absorbed slowly and
ncompletely from the intestine by
assive diffusion. An excessive load
eg, greater than 50 g/day of sorbitol;
reater than 20 g/day of mannitol)
ay cause diarrhea. If polyols were

ompletely absorbed, direct metabo-

ism could provide the usual 4 kcal/g. c

62 February 2004 Volume 104 Number 2
owever, incomplete absorption
auses indirect metabolism via fer-
entive degradation by the intestinal

ora. The energy return from indirect
etabolism is less than the direct

oute. The FDA allows polyols to be
abeled with less energy per gram
han other nutritive sweeteners (see
able 1). D-tagatose is a low-energy
ulk sweetener; only 15% to 20% of
-tagatose ingested is absorbed from

he small intestine to provide 1.5
cal/g (59). The majority ingested is
vailable for fermentation by colonic
acteria. Trehalose is absorbed com-
letely and metabolized directly to
rovide 4 kcal/g.
Products with sorbitol and manni-

ol may have the following label be-
ause high intakes increase the risk
f malabsorption: “Excess consump-
ion may have a laxative effect.” Sor-
itol is on the GRAS list for use in
andies, chewing gum, jams/jellies,
aked goods, and frozen confections.
annitol is permitted for use on an

nterim basis pending further study
f health effects, including potential
axative effects. This status is pro-
ided to food ingredients that have a
istory of use but whose safety has
een brought into question by new
nformation, even if it is not conclu-
ive (60). Mannitol is used as a dust-
ng agent for chewing gum and a
ulking agent in powdered foods. Xy-
itol is approved as a food additive for
se in foods for special dietary use.
he FDA has filed GRAS affirmation
etitions for isomalt, lactitol, malti-
ol, HSH, erythritol, tagatose, and
rehalose. Recent GRAS notifications
or erythritol, tagatose, and trehalose
eport comparison between ADI and
stimated intakes as reported in Ta-
le 1. Health professionals and con-
umers can review WHO safety eval-
ations on-line, including those for
rehalose (61) and D-tagatose (62).

Glycemic responses are lower for
weeteners that undergo incomplete
bsorption. Although trehalose pro-
ides 4 kcal/g, it can produce a lower
lycemic response than glucose or ga-
actose (63). The potential for prebi-
tic effects of sweeteners that un-
ergo incomplete absorption is being
xplored. The aim in this research is
o use these dietary components (ie,
rebiotics) to modulate the colonic mi-
roflora to promote colon health and

ontrol disease conditions (64). These r
rebiotics are short-chain carbohy-
rates that are resistant to human
igestive enzymes and reach the ce-
um to exert effects on the colonic bac-
eria (65). Because of their chemical
tructure, polyols could serve as a
ubstrate for these bacteria (66). The
ugar D-Tagatose has been shown
hrough in vitro studies to stimulate
olonic bacteria fermentation and
roduction of short-chain fatty acids
eg, butyrate) and may have the po-
ential to have prebiotic effects (59).

ONNUTRITIVE SWEETENERS
p to nine in 10 consumers in the
nited States buy or use low-calorie
roducts, including sugar-free and re-
uced-fat foods and beverages (67).
onnutritive sweeteners have also

een increased use in European coun-
ries (due to the growing interest in
ealth and an aging population) as
ell as in developing countries (with

nterest in making limited diets more
alatable) (67).
High-intensity sweeteners can offer

onsumers a way to enjoy the taste of
weetness with little or no energy and
r glycemic response. Nonnutritive
weeteners may assist in weight man-
gement, control of blood glucose, and
revention of dental caries. Scientists
valuate these sweeteners for many
ttributes including sensory qualities
eg, clean sweet taste, no bitterness,
dorless), safety, compatibility with
ther food ingredients, and stability
n different food environments. Be-
ause nonnutritive sweeteners pro-
ide sweet taste with little volume,
anufacturers combine the sweet-

ner with a bulking agent (eg, poly-
extrose, maltodextrin, polysaccha-
ide polyols) to replace some of the
unctional properties of the nutritive
weeteners. The trend is to blend
igh-intensity sweeteners with other
onnutritive and nutritive sweeten-
rs to create new sweet taste profiles.
lending can cause sweetness syn-
rgy (ie, the combination is sweeter
han the individual components),
hich can decrease the amount of

weetener needed and can improve
he overall sweet taste profile.

The FDA has approved five nonnu-
ritive sweeteners and regulates
hem as food additives: saccharin, as-
artame, acesulfame potassium (or
cesulfame K), sucralose, and most

ecently neotame (Table 2). Nonnutri-
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ADA REPORTS
ive sweeteners, like other food ingre-
ients, appear on the food label in the
ngredient declaration. Aspartame
ppears to receive more attention
n the media about its safety than
ther nonnutritive sweeteners. Ac-
ordingly, more information is in the
ext to provide dietetics professionals
ith science-based information to be
ble to respond to consumer ques-
ions about the use of aspartame as
ell as other nonnutritive sweeteners.
Acesulfame-K (5,6-dimethyl-1,2,3-

xathiazine-4(3H)-one-2,2-dioxide) is
pproximately 200 times sweeter
han sucrose. The “K” refers to potas-
ium. Pharmacokinetic studies show
hat 95% of consumed sweetener is
xcreted unchanged in the urine (68)
nd thus does not provide any energy.
hus, consumption of acesulfame-K
oes not influence intake of potas-
ium. Acesulfame-K can withstand
igh cooking/baking temperatures.
cesulfame-K is available in granular

orms to blend with other nutritive
nd nonnutritive sweeteners, which
rovides sweetness synergy while
asking unpleasant flavors (69).
This sweetener was evaluated for

afety by JECFA in 1983 (70,71). The
DA first approved acesulfame-K in
988, and it is currently approved as
general-purpose sweetener, not in-

luding meat and poultry (72). Both
DA and JECFA have set an ADI of
p to 15 mg/kg bw/day. The European
ommission’s SCF reevaluated this
weetener and supported its safety
ut recommended an ADI at 9 mg/kg
f bw/day (73). The amount of acesul-
ame-K added to food products is very
mall because of its intense sweeten-
ng power and because it is often used
n combination with other sweeten-
rs. The EDI is estimated at 20% of
he ADI because of its intense sweet-
ning power. Estimated intakes in
hildren are below the ADI (ranges
rom 3 to 9 mg/kg bw/day).

Aspartame, a dipeptide (L-�-aspar-
yl-L-phenylalanine methyl ester), is
60 to 220 times sweeter than su-
rose. Intestinal esterases hydrolyze
spartame to aspartic acid, methanol,
nd phenylalanine (74). These compo-
ents are found in much greater
mounts in the normal diet in fruits,
egetables, meat, and milk. For ex-
mple, a serving of nonfat milk pro-
ides about six times more phenylal-

nine and 13 times more aspartic o
cid, whereas a serving of tomato
uice has about six times more meth-
nol than an equal volume beverage
weetened 100% with aspartame (75).
he amino acids are metabolized to
rovide 4 kcal/g. Thus, this sweetener
oes provide energy; however, be-
ause of the intense sweetness of as-
artame, only minute amounts need
o be added, and the amount of energy
erived is negligible.
In 1981, the FDA approved aspar-

ame as a sweetener for a number of
ry uses (eg, tabletop sweetener, cold
reakfast cereal, gelatins and pud-
ings) and in chewing gum. This ap-
roval was expanded in 1983 to in-
lude carbonated beverages. The
ouncil on Scientific Affairs of The
merican Medical Association in
985 concluded that “Available evi-
ence suggests that consumption of
spartame by normal humans is safe
nd is not associated with serious ad-
erse health effects” (76). In 1996, the
DA approved aspartame as a “gen-
ral purpose sweetener” for use in all
oods and beverages. Aspartame is
lso approved for use in over 100 na-
ions.

The United States leads the world
n demand for aspartame, accounting
or up to 75% of sales. Although soft
rinks account for above 70% of as-
artame consumption, this sweetener
s added to more than 6,000 foods,
ersonal care products, and pharma-
euticals. Aspartame is available in
iquid, granular, encapsulated, and
owder forms to extend use in food
nd beverage products. Aspartame
ecomposes during excessive heating
nd loses its sweetening power. How-
ver, appropriate cooking methods
an minimize losses of aspartame
weetness (77).
Detailed studies have been con-

ucted to determine how ingestion in-
uences plasma levels of aspartic
cid, phenylalanine, and methanol (or
he byproduct formate). In studies
ith healthy adults (78), levels of
lasma aspartate concentrations or
lood levels of formate did not change
ith a bolus load up to four times the
DI for aspartame (ie, 200 mg/kg).
lasma phenylalanine response to as-
artame (as well as to other dietary
ources of phenylalanine) varies in
ersons with phenylketonuria (PKU),
homozygous recessive inborn error
f metabolism of which affected indi- c

Journa
iduals cannot metabolize phenylala-
ine. In persons with this rare (fre-
uency is approximately one in
0,000 whites) inborn error, excess
ntake of this amino acid can cause
igher plasma phenylalanine levels
nd its adverse effects (79). MNT in-
olves the control of dietary sources of
henylalanine, including aspartame.
he FDA requires that foods that
ontain aspartame have the promi-
ent display of the following label:
PHENYLKETONURICS: CONTAINS
HENYLALANINE” (80).
Untreated individuals with PKU

ppear to tolerate the amount of phe-
ylalanine in a diet soda sweetened
ith aspartame (approximately 104
g/12 oz) (81). Heterozygotes for
KU do not show changes in cognitive
erformance or in electroencephalo-
rams after 12 weeks of consuming
ither 15 or 45 mg/kg bw/day of as-
artame (82). In non-PKU individu-
ls, single-bolus studies of aspartame
up to 50 mg/kg bw) or repeat dose
tudies show a plasma phenylalanine
esponse near the normal postpran-
ial range and considerably lower
han that observed in PKU individu-
ls or those with mild hyperphenyl-
lanemia (78).
Aspartame breaks down to dike-

opiperazine in liquid systems with
xcessive heat exposure. Animal tox-
city studies show that, even if all
spartame were converted to diketo-
iperazine in beverages, the amount
ould be well below the FDA-estab-

ished ADI of 3,000 mg/kg bw/day for
his compound (83).

Some individuals report allergic re-
ctions to aspartame, including
dema of the lips, tongue, and throat;
ermatologic reactions; and respira-
ory problems (84). However, two dou-
le-blinded challenge studies report
ifficulty in recruiting individuals
ho claim an allergic response to as-
artame and a failure to reproduce
he allergic reaction in controlled ex-
erimental conditions (85,86).
The FDA increased the ADI for as-

artame to its present level of 50
g/kg bw/day when it was approved

or use in carbonated beverages in
983 (87). This ADI would approxi-
ate a 60-kg individual consuming

00 to 600 grams of sucrose per day
ver a lifetime based on sweetness of
spartame compared with that of su-

rose (75). Postmarket assessment of
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spartame conducted between July
991 and June 1992 shows that daily
ntake of aspartame is below this ADI
88): Aspartame eaters (at least 90th
ercentile of consumption) in the gen-
ral population consume 6% of the
DI (3.0 mg/kg bw/day), those 0 to 5
ears of age consume 10.4% (5.2
g/kg bw/day), people with diabetes

onsume 6.6% (3.3 mg/kg bw/day),
nd women of childbearing age con-
ume 8.4% (4.2 mg/kg bw/day). As a
abletop sweetener, packets contain
5 to 40 mg of aspartame and are
quivalent to the sweetness of 2 tea-
poons of sugar. In the granular form,
teaspoon contains 16 mg and equals

he sweetening of 1 teaspoon of sugar.
onsumers would need to contact in-
ividual companies to determine the
mount of aspartame in each product.
he amount in some common foods is
s follows: up to 225 mg in a 12-oz diet
oda, 100 mg in an 8-oz drink made
rom powder, 80 mg in an 8-oz yogurt
r a 4-oz gelatin dessert, up to 32 mg
n 3⁄4 cup of sweetened cereal, and up
o 47 mg in frozen dairy desserts. To
each the ADI, an 18-kg (nearly 40
ound) child would need to consume
00 mg of aspartame per day, which
ranslates to 24 packets of sweetener
equivalent to 48 teaspoons of sugar),
our 12-oz cans of diet soda, or nine
-oz glasses of fruit drink made from
powder.
A comprehensive review of the

afety of aspartame has recently been
ublished (75). The review covers pre-
ious publications as well as new in-
ormation that support the safety of
spartame as a food additive and ne-
ates claims of its association with a
ange of health problems including
rain tumors. The SCF (89) has also
ecently evaluated new scientific evi-
ence. They conclude that current in-
akes in European countries are well
elow the ADI set by JECFA and SCF
40 mg/kg bw/day), that aspartame is
ot a carcinogen and is not associated
ith neurobehavioral disorders, and

hus that there is no need to revise
he risk assessment of, or ADI for,
spartame.
Neotame is a derivative of the

ipeptide phenylalanine and aspartic
cid (chemical name is (N-[N-3,3-dim-
thylbutyl)-L-�-aspartyl]-L-phenylal-
nine-1-methyl ester) with a sweet-
ess potency approximately 7,000 to

3,000 times sweeter than sucrose. It A

64 February 2004 Volume 104 Number 2
s partially absorbed in the small in-
estine, rapidly metabolized by ester-
ses, and excreted in urine and feces.
ethanol is released during the

eesterfication; the amount released
s insignificant even at the 90th per-
entile of estimated daily intake of
eotame. A small percentage (�20%)
f the phenylalanine from the in-
ested neotame may be released into
he plasma. If the 90th percentile EDI
f neotame were consumed for adults
r children, this would result in a
henylalanine intake of 2.6 and 1.5
g, respectively. This amount is not

linically significant for individuals
ith PKU (ie, estimated at 0.3% to
.4% of phenylalanine intake per day
t the 90th EDI intake of neotame).
hus, the label for products with
eotame does not need to alert phe-
ylketonurics that the produce con-
ains phenylalanine. Furthermore, no
rgans were found to concentrate
eotame or its metabolites. Neotame
onsumed at 100 times the ADI in
nimals did not produce neurotoxic or
ehavioral or reproductive toxicity ef-
ects. In human studies, there were
o significant treatment effects of
eotame ingestion vs those with con-
rols (90). Neotame ingestion also did
ot have a significant effect on fasting
lasma glucose or insulin levels in
hose with type 2 diabetes (91).

On the basis of a review of 113 pre-
linical, clinical, and special studies
nd an additional 32 exploratory and
creening studies, the FDA approved
eotame as a general-purpose sweet-
ner on July 5, 2002 (90). These stud-
es followed toxicology testing out-
ined in Figure 2, including short-
erm, subchronic, and chronic dietary
oxicity; multigenerational reproduc-
ive and developmental toxicity; car-
inogenicity; and pharmacokinetic
tudies in animals. Human testing in-
luded short-term and longer term
tudies and pharmacokinetic mea-
ures. In 2002, the FDA set the ADI
t 18 mg/day (90). The EDI as a gen-
ral-purpose sweetener for consum-
rs is 0.04 mg/kg bw/day at the
ean and 0.10 mg/kg bw/day at the

0th percentile for adults and 0.05
g/kg bw/day and 0.17 mg/kg bw/day

or 2- to 5-year-old infants. Globally,
eotame is approved for use in multi-
le countries in North America, South
merican, Europe, Africa, Asia, and

ustralia (92). In June 2003, the f
ECFA confirmed the safety of
eotame and granted an ADI of 2
g/kg bw/day (93).
Neotame is marketed as a sweet-

ner with a clean sweet taste without
itter, metallic, or off flavors (94), as
ell as an enhancer to other flavors
ithin a food or beverage. The func-

ionality of this sweetener has been
ested for beverages; for use as a ta-
letop sweetener; and for frozen des-
erts, chewing gum, confections,
aked goods, sauces, and cereals.
Saccharin exceeds the sweetness of

ugar by 200 to 700 times (95). It pro-
ides no energy because it is not me-
abolized by humans (95) and is not
ariogenic. In the United States, 8
illion pounds of saccharin disappear

ach year into food (2 to 3 million as
abletop sweetener), beverages (1 to 2
illion pounds), and personal care

roducts (3 million pounds). The
ECFA has set the ADI for saccharin
o 5 mg/kg bw/day (96). Despite the
ecline in usage since a peak in 1982,
accharin is the largest volume, low-
st cost, high-intensity sweetener
sed in the world (nearly 62 million
ounds in 1995) (97). It is approved
or use in over 100 countries and has
hown increased popularity in China
98).

Saccharin is approved as a food ad-
itive to foods and beverages, table-
op sugar substitutes, and gum and
an be used in cosmetics and pharma-
euticals. Based on US Federal legis-
ation in 2001, products with saccha-
in no longer need to carry a warning
f its use associated with causing can-
er in laboratory animals. Saccharin
as originally included on the GRAS

isting. In 1977, the FDA proposed a
an on use of saccharin because it
as reported to be a carcinogen in

ats. In the same year, Congress,
hrough the Saccharin Study and La-
eling Act, imposed an 18-month
oratorium on any FDA ban and re-

uired products containing saccharin
o bear the following warning: “Use of
his product may be hazardous to
our health. This product contains
accharin which has been determined
o cause cancer in laboratory ani-
als.” In 2000, the National Toxicol-

gy Program of the National Insti-
utes of Health concluded in its
eport on Carcinogens, 9th edition,

hat saccharin should be removed

rom the list of potential carcinogens
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ADA REPORTS
99). The Reproductive and Cancer
azard Assessment Section of the Of-
ce of Environmental Health Hazard
ssessment, California Environmen-

al Protection Agency also removed
odium saccharin from its Proposition
5 list of carcinogens (100).
As a sweetener, the FDA has ap-

roved saccharin (in the ammonium
accharin, calcium saccharin, and so-
ium saccharin forms) as a sweetener
n beverages in amounts not to exceed
2 mg/fluid ounce, as a sugar substi-
ute packaged in amounts not to ex-
eed the sweetening power of 1 tea-
poon of sugar (20 mg) for use in
ooking or at the table, and in pro-
essed foods in amounts not to exceed
0 mg per serving. The label must
tate saccharin in the ingredient dec-
aration, the amount of saccharin
isted per fluid ounce for beverages,

illigrams in the dispensing unit for
ooking or tabletop use, and milli-
rams per serving for processed goods
101).

Sucralose is 600 times sweeter than
ucrose; it has a disaccharide struc-
ure in which three chlorine mole-
ules replace three hydroxyl groups
chemical name trichlorogalactosu-
rose). Sucralose provides essentially
o energy: it is poorly absorbed (range
1% to 27%) and excreted unchanged
n the feces. Any absorbed sucralose
s excreted in the urine unchanged.
his sweetener is heat stable in cook-

ng and baking. Stability testing sug-
ests insignificant formation of com-
ounds from sucralose degradation
4-chloro-4-deoxy-galactose and 1,6-
ichloro-1,6-dideoxyfructose); these
roducts are formed under prolonged
torage at elevated temperatures and
n a highly acidic environment.

Sucralose was approved in April
998 as a tabletop sweetener and for
se in a number of desserts, confec-
ions, and nonalcoholic beverages. In
999, sucralose was approved as a
eneral-purpose sweetener. FDA con-
luded from a review of more than
10 studies in human beings and an-
mals that this sweetener did not pose
arcinogenic, reproductive, or neuro-
ogic risk to human beings (102). At
his time, the FDA determined that
he EDI at the 90th percentile for con-
umers 2 years of age and older was
.6 mg/kg bw/day. The ADI for sucra-
ose is 5 mg/kg bw/day (103). The EDI

t the 90th percentile has a sweetness a
hat would be equivalent to the total
mount of nutritive sweetener com-
only added to the diet.
In a multicenter, double-blind, pla-

ebo-controlled, randomized study,
ucralose at 3 times the maximum
DI for 3 months had no significant
ffect on glucose homeostasis in indi-
iduals with type 2 diabetes (104).
Consumers can use sucralose in

ranular form for measuring and
ouring like table sugar and in pack-
ts in powder form. The bulking
gents used in these consumer prod-
cts are in such small quantity that
ucralose meets the FDA labeling re-
uirements as a “no calorie” sweet-
ner with an insignificant energy
alue per serving. For example, the
weetening equivalent of 2 pounds of
ugar (770 kcal) is 3.8 oz of sucralose
lus the bulking agent (96 kcal). Su-
ralose is heat stable and thus can be
he sweetening agent in desserts and
aked goods.

ONNUTRITIVE SWEETENERS NOT YET
PPROVED IN THE UNITED STATES
litame is composed of L-aspartic
cid, D-alanine, and a novel C-termi-
al amide moiety and is 2,000 times
weeter than sucrose without the bit-
er or metallic qualities of high-inten-
ity sweeteners (105). This sweetener
lends with other high-intensity
weeteners to maximize the quality of
weetness. From an oral load of alit-
me, 7% to 22% is unchanged and
xcreted in the feces. The remaining
mount (77% to 96%) is hydrolyzed to
spartic acid and alanine amide. The
spartic acid is metabolized normally
o yield 1.4 kcal/g. The alanine amide
s not hydrolyzed further and is ex-
reted in the urine as a sulfoxide iso-
er, sulfone, or conjugated with glu-

uronic acid. There was a petition
ubmitted to the FDA in 1986 for ali-
ame’s use as a tabletop sweetener
nd in a range of products including
aked goods, beverages, and confec-
ions. According to a January 2003
isting, this petition is in the abey-
nce category: the petition was fully
eviewed, found to be deficient, and,
hen all information requested to ad-
ress deficiency is submitted, it will
e refiled and assigned a new filing
ate (106).
A number of toxicity studies on ali-

ame were reviewed by the JEFCA

nd reported in 1995 (107). The com- e

Journa
ittee concluded that available stud-
es did not indicate that alitame was
arcinogenic or showed reproductive
oxicity. In 1996, JECFA set an ADI
or alitame at 1 mg/kg bw/day. These
eports are available on-line for re-
iew (108,109). In its 59th meeting
ccurring in June 2002, JECFA post-
oned making ADI or other toxicology
ecommendations about alitame until
ndings of a 90-day tolerance study
ere made available. In the FDA pe-

ition, the estimated daily intake as a
ole sweetener in all products is 0.34
g/kg bw/day. The level at which no

bserved adverse effects occurred in
nimals was 100 mg/kg (105). Alit-
me is approved for use in food and
everages in Australia, New Zealand,
exico, People’s Republic of China,

nd Columbia.
Cyclamates were banned by the

DA as a food ingredient in 1969 be-
ause the saccharin/cyclamate mix-
ure was shown to cause cancer in
xperimental laboratory rats (110).
he primary concern was that it could
e toxic to some individuals who ap-
ear to metabolize cyclamate to cyclo-
exylamine (111). To support a peti-
ion for use of cyclamate in 1982, the
ancer Assessment Committee of
DA reviewed the scientific evidence
nd concluded that cyclamate was not
arcinogenic. This was reaffirmed in
985 by the National Academy of Sci-
nces with the conclusion that “the
eight of the experimental and epide-
iological evidence does not indicate

hat cyclamate by itself is carcino-
enic” (112). The petition to reap-
rove cyclamate in the United States
s still under review by the FDA. Ac-
ording to a January 2003 listing, this
etition is in the abeyance category as
escribed above. This sweetener is
ore than 30 times sweeter than su-

rose. It is approved by the JECFA
nd SCF and is in use by more than
0 countries worldwide. The JECFA
et an ADI for cyclamate at 11 mg/kg
w/day (113).
Neohesperidine dihydrochalcone

s 1,500 times sweeter than sucrose.
t offers foods and beverages a licorice
avor and can enhance the mouth-
eel of beverages. In the United
tates, neohesperidine dihydrochal-
one is GRAS as a flavor ingredient
ut not as a sweetener. EU countries
ave authorized the use of this sweet-

ner in a range of energy-controlled
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2

roducts (114). JECFA has estab-
ished no ADI for this sweetener at
resent.
Stevia (Steveoside), derived from a

outh American shrub, imparts a
weet taste but cannot be marketed
r sold as a sweetener in the United
tates. The FDA has not received suf-
cient scientific evidence to assure
hat this substance can be safely used
s a food additive. JECFA evaluated
teveoside in 1998 (115); no ADI was
et because insufficient data and
pecifications were available. Stevia
an be sold as a “dietary supplement”
nd may be available in packets that
esemble tabletop sweeteners. Con-
umers should be informed that Ste-
ia is not approved as a nonnutritive
weetener.
Thaumatin is a mixture of proteins
ith tight disulfide bonds, imparts an

ntensely sweet taste, and acts as a
avor enhancer. In the United States,
haumatin is GRAS as a flavor ad-
unct for a number of categories. A
ECFA review of the biologic, toxico-
ogic, teratogenic, allergenic, short-
erm testing and some studies of this
weetener in humans suggest that
haumatin is not toxic (116). JECFA
et an AID of “not specified” (ie, no
eed for a tolerance level).

WEETENER USE AND HEALTH
ver the years, the effects of nutritive
nd nonnutritive sweetener use on
ealth have been a concern among
ealth professionals as well as the
ublic for a variety of reasons
13,117). One area involves the safety
f sweeteners for use by children,
hen sweetener intakes are high rel-
tive to body weight, and pregnant
omen, when the goal of the diet is to

upport maternal and fetal health
118). Concern about sweetener in-
akes has shifted from diabetes in the
960s, to hyperactivity and behavior
ssues in children in the 1990s, and to
he etiology of obesity in the 2000s.
aken as a whole, nutritive and FDA-
pproved nonnutritive sweeteners
re safe for children and pregnant
omen. There is little direct clinical
vidence showing negative long-term
ffects of these sweeteners (both nu-
ritive and nonnutritive) on overall
ealth. Two noted exceptions are the

mpact of nutritive sweeteners on the
evelopment of dental caries and, in

pecific conditions, the hypertriglyc- t

66 February 2004 Volume 104 Number 2
ridemic effect of fructose. Support
or this conclusion can be found be-
ow and in several recent reports
34,119,120).

weetener Use During Childhood
ecause of their size and relatively
igh food and fluid intakes compared
ith adults, children will have the
ighest intake of nutritive and non-
utritive sweeteners as calculated by
illigram intake/kg bw/day. Children

an safely consume nutritive sweet-
ners. Nonetheless, healthy young
hildren (6 to 18 months) can exhibit
alabsorption because of incomplete

igestion of fructose found naturally
n fruit juices or added to fruit drinks
nd carbonated sodas. For example,
ne cup of apple juice can contain 14 g
f fructose, and a 12-oz sweetened
oda or fruit drink has between 14
nd 22 g of fructose. This is of concern
ecause there has been a substantial
ise in intake by children of all fruit
uices and drinks, as well as other
weetened beverages (48). For exam-
le, the majority of children consume
ome type of fruit juice by 1 year of
ge. In addition to the effects of fruc-
ose, an excessive load of polyols (eg,
50 g/day of sorbitol; �20 g/day of
annitol) may cause diarrhea. The

ame cup of apple juice contains 2.5 g
orbitol. Therefore, children exhibit-
ng nonspecific diarrhea may benefit
rom a reduction in fructose and prod-
cts containing polyols. It should be
oted that adults vary in their abili-
ies to absorb fructose, with some also
xperiencing symptoms of malabsorp-
ion with a 20- to 50-g load (25).

The estimated intakes of nonnutri-
ive sweeteners in children are below
he established acceptable daily in-
akes for all approved sweeteners. As
percentage of EDI to ADI, they are

s low as 10.4% for aspartame to as
igh as 60% for acesulfame-K. It has
een suggested that caregivers may
ant to limit intake of saccharin by
oung children because of the limited
mount of data available for its use in
hildren (121). The wide range of nu-
ritive and nonnutritive sweeteners
vailable in the food supply, as well
s blending these sweeteners in food
nd beverage systems, should con-
inue to keep estimated intakes of
onnutritive sweeteners in children
ell below the acceptable daily in-
akes. a
weetener Use During Pregnancy
se of nutritive sweeteners is accept-
ble during pregnancy. Recommenda-
ions for nonnutritive sweeteners use
uring pregnancy must be based on
ell-designed and approved clinical

nvestigations to ensure healthy preg-
ancy outcomes. As shown in Figure
, tests on reproductive toxicity are
art of the toxicology testing required
or approval of sweeteners by regula-
ory agencies. These toxicology tests
xamine effects of the nonnutritive
weetener on reproductive abilities in
emales and males as well as effects
n the developing fetus.
Some concern has been raised

bout saccharin consumption during
regnancy. Saccharin can cross the
lacenta and may remain in fetal tis-
ues because of slow fetal clearance
122). It is uncertain how the com-
ined exposure in utero and in the
iet may influence cancer risk. Ani-
al studies suggest that neonatal ex-

osure showed the strongest relation-
hip to bladder cancer risk (100). One
cologic study in humans (123) did
ot find a relationship between early-

ife exposure to saccharin and bladder
ancer but may not have followed the
ffspring long enough for the cancer
o show (100). Although it has been
uggested that women consider care-
ul use of saccharin during pregnancy
121), this suggestion was made prior
o recommendations to remove sac-
harin from the list of potential car-
inogens (99,100).
The safety of acesulfame-K, aspar-

ame, sucralose, and neotame in preg-
ancy has been determined with rat
tudies; the scientific community ac-
epts rats and some other animals as
ppropriate models for reproductive
oxicology testing that is applicable to
uman beings. At high doses, there
as no change observed in fertility,

ize of litter, body weight, growth, or
ortality for acesulfame-K (124), su-

ralose (102), or neotame (90). In the
ase of aspartame, further evaluation
f safety in pregnancy relates to fetal
xposure to aspartic acid, phenylala-
ine, or methanol. Amino acids nor-
ally cross the placenta to nourish

he fetus. In animals, an aspartame
oad does not change fetal exposure to
spartic acid (125). Fetal circulation
evels of phenylalanine exceed mater-
al levels because of concentration

cross the placental barrier (126). A
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ADA REPORTS
olus of aspartame (34 mg/kg or the
9th percentile of estimated daily in-
ake) results in a peak plasma level of
henylalanine in normal subjects
1.85 mg/dL) and phenylketonuric
eterozygotes (2.67 mg/dL) below the

evel that would cause neurologic
roblems in the fetus (18 mg/dL)
127). Plasma response of methanol
nd formate were not significant after
n aspartame load. Thus, if placental
ransport of these compounds occurs,
he amount is not clinically harmful
128). Use of aspartame within the
DA guidelines appears safe for preg-
ant women. Thus, consumption of
hese sweeteners within the accept-
ble daily intakes appears safe dur-
ng pregnancy.

In summary, the studies on the ef-
ects of nonnutritive sweeteners on
eproductive abilities in females and
ales as well as on the developing

etus have been reviewed and these
weeteners deemed safe by numerous
egulatory bodies and expert commu-
ities around the world. Thus, the
onsumption of acesulfame potas-
ium, aspartame, saccharin, sucra-
ose, and neotame within acceptable
aily intakes is safe during preg-
ancy.

ietary Quality and Sweetener Intake
s reported by the Institute of Medi-

ine, many foods and beverages con-
umed by Americans that contain
dded sugars have lower micronutri-
nt contents than foods and bever-
ges containing naturally occurring
ugars (34). Several reports have
inked high intakes of added sugars
sweeteners) with low intakes of some
icronutrients (43,45,46,129,130). As

ndicated previously, the Institute of
edicine did suggest a maximal level

f intake of added sugars at 25% of
nergy, after which dietary quality
ight be reduced. Moreover, the In-

titute decided that “it is not possible
o determine a defined intake level at
hich inadequate macronutrient in-

akes can exist or define an intake
evel at which micronutrient deficien-
ies can occur. Furthermore, at very
ow or very high intakes, unusual eat-
ng habits most likely exist that allow
or other attributing factors to low mi-
ronutrient intakes” (34).

To date, no published literature ex-
sts on the relationship between non-

utritive sweetener use and dietary t
uality. Nonnutritive sweeteners
ould improve dietary quality if con-
umers were to use energy savings for
onsumption of nutrient-dense foods.
his might be especially important

or the aging population who need to
mphasize fluid intake while balanc-
ng low energy intakes with declining
nergy needs because of sedentary
ifestyles (131). Nonnutritive sweet-
ners could offer consumers choice in
everages and savings in energy that
hey could use on nutrient-dense
oods. Nonnutritive sweeteners could
lso increase the palatability of fruits
nd vegetables that have less desir-
ble sour or bitter qualities.

besity
xcess body fat (132) arises from the
nergy imbalance caused by taking in
oo much energy and expending too
ittle energy. Recent concerns have
een expressed regarding high intakes
f sweetened foods and beverages and
he possible association with the in-
reasing prevalence of overweight and
besity across the population, includ-
ng children (35,42-46,133,134). Of
articular interest is consumption of
igh-sugar, low-nutrient dense foods
44,45), specifically sweetened sodas
nd drinks (44,45,48,134-136). Al-
hough an association can be shown
etween intakes of sweeteners and
ody weight, there is no current evi-
ence supporting a “direct link” be-
ween increasing obesity and increas-
ng sweetener intakes independent of
nergy intakes (34).
Nonetheless, there is speculation

hat high intakes of fructose (particu-
arly in the form of sweetened liquids)
ncrease energy intake and obesity
isk through the blunting of circulat-
ng insulin and leptin levels (137).
he blunted insulin and leptin re-
ponse results in a diminished ability
f the body to inhibit food intake and
eelings of satiety, which might result
n increased energy consumption
137). This area deserves attention in
hat there has been a dramatic in-
rease in  *HFCS consumption since
970. Consumption of sucrose and
ructose in the forms of sweetened
everages may also promote weight
ain because liquid forms of energy
ay be less satiating (138,139).
Obesity is a complex problem, and

ts cause cannot simply be attributed

o any one component of the food sup- q

Journa
ly such as sweeteners. Troiano and
olleagues (135) found higher intakes
f energy from sweetened soft drinks
mong overweight than nonover-
eight youths, yet they suggest that
hysical inactivity may be more sig-
ificant to the secular increase in
eight within this population. Recent
nalyses by the National Bureau of
conomic Research identify increases

n total energy because of more fre-
uent eating of all foods (especially
hose during snacking) (140) and less
hysical activity because of techno-
ogic advances (141) as causes of
igher rates of obesity. These findings
ould support the review by the In-

titute of Medicine that concluded,
the effects of increased intakes of to-
al sugars on energy intake is mixed
nd the increased intake of added
ugars are most often associated with
ncreased energy intake” (34).

Nonnutritive sweeteners have the
otential to promote weight loss in
verweight and obese individuals.
he original motivation for their de-
elopment was based on the goal of
roviding a sweet taste without en-
rgy to persons with diabetes and
hose wanting to control energy in-
akes. Nonnutritive sweeteners have
he potential to save the consumer up
o 16 kcal/tsp of sweetening. Replac-
ng intake of added sugars with non-
utritive sweeteners could result in a
eficit of 380 cal/day or 1 pound of
eight loss in 9 to 10 days, if intake
as at 95 g (24 tsp) daily. The energy

avings could be substantial for those
ndividuals who consume higher lev-
ls of total energy from added sugars.
onnutritive sweeteners added to the
iet have been shown to promote
odest loss of weight (138) and,
ithin a multidisciplinary weight-

ontrol program, may facilitate long-
erm maintenance of reduction in
ody weight (142). Nonnutritive
weeteners can enhance the palat-
bility of low-energy foods (143) to aid
n reducing total energy intake. Fur-
her research is required to assess the
ole of nonnutritive sweeteners to
romote weight loss in overweight
nd obese and weight management,
articularly over the long term (144).
The prevalence of obesity has in-

reased substantially at the same
ime as the consumption of nonnutri-
ive sweeteners has increased. The

uestion is, do these sweeteners
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aintain a highly sweet food environ-
ent to increase risk of obesity

hrough appetite, intake, and energy
egulation mechanisms? Some evi-
ence primarily from studies with an-
mals suggests that high intakes of
weets (nutritive sweeteners alone or
n mixtures with fat) promotes weight
ain through changes in neuropep-
ide control of appetite, intake, and
nergy expenditure (145). The appli-
ation of this research to understand-
ng the rise in rates of obesity is spec-
lative at this time. Additionally,
ost of the research associating

weet and ingestive behaviors has in-
olved nutritive sweeteners; accord-
ng to a previous review (146), nonnu-
ritive sweeteners do not have a
aradoxical effect to increase appetite
nd food intake. Thus, the rise in
revalence clearly relates to all fac-
ors that cause an energy imbalance.
ndividuals who wish to lose weight
ay choose to use nonnutritive

weeteners but should do so within
he context of a sensible weight man-
gement program including a bal-
nced diet and exercise.

iabetes and Glycemic Response
t is well recognized that sweeteners
o not cause diabetes. Increasing in-
akes of sugars are not associated
ith increasing risk of diabetes

147,148), with the latest affirmation
rom a prospective study of over
9,000 women (149). Furthermore,
urrent evidence does not indicate
hat, in isocaloric amounts, the glyce-
ic response to nutritive sweeteners

iffers from dietary starch (150,151).
ntakes as high as 60 g fructose or
ucrose per day may not adversely
ffect glycemic or lipid response in
ersons with type 2 diabetes (152).
owever, because there exists con-

ern for increased blood lipid levels
ith high intakes of fructose (see hy-
erlipidemia section), addition of
ructose as a sweetening agent is not
ecommended for people with diabe-
es (151). Polyols, including trehalose,
roduce a lower glycemic response
han fructose, glucose, or sucrose,
ost likely because of their incom-

lete absorption (63). Therefore,
hese substances can be used safely in
he diets of people with diabetes; how-
ver, because of its laxative effect, the
mount of polyols consumed may

eed to be limited (especially in chil- d

68 February 2004 Volume 104 Number 2
ren). The nonnutritive sweeteners
o not affect glycemic response and
an be safely used by those with dia-
etes.
Given that the primary goal for
edical nutrition therapy of diabetes

s to maintain near-normal blood glu-
ose levels, the American Diabetes
ssociation suggests that attention
e given to the total amount of carbo-
ydrates in meals and snacks rather
han to glycemic responses resulting
rom their consumption (151). Nutri-
ive sweeteners need not necessarily
e restricted, but, if consumed, they
hould be substituted for other carbo-
ydrate sources rather than added.
onnutritive sweeteners also are ap-
ropriate in medical nutrition ther-
py for people with diabetes and may
elp control energy intake. Dietetics
rofessionals can help persons with
iabetes incorporate nutritive and
onnutritive sweeteners into their in-
ividual meal plans.

yperlipidemias
utritive sweeteners containing fruc-

ose and sucrose are of primary inter-
st related to hyperlipidemia. Diets
igh in these sweeteners have been
hown to increase serum triacylglyc-
rol (TAG) and low-density lipopro-
ein (LDL) cholesterol levels in short-
erm studies, particularly if the diet is
ow in fat (34,153), with fructose be-
ng more hyperlipidemic than su-
rose. It should be emphasized that
ot all studies show a positive associ-
tion. LDL concentrations have been
hown to rise with increases in sugar
ntake (34). Effects on high-density
ipoprotein (HDL) levels are inversely
elated to sugar intake (34).
Parks and Hellerstein (153) con-

luded that the hyperlipidemic effects
re more pronounced when the carbo-
ydrate content of a high-carbohy-
rate diet is from monosaccharides
ather than oligo- and polysaccha-
ides. In addition, there is consider-
ble genetic variability in TAG re-
ponses to high-sucrose diets as well
s influences by absolute amounts of
ther dietary components present (eg,
ber, total carbohydrates, and fat)
119). Furthermore, few studies have
een conducted to evaluate the long-
erm effects of high-sucrose diets.

Fried and Rao (119) conclude that
here is insufficient clinical data to

etermine the amount of sucrose or c
ructose that can be incorporated into
ecommended dietary nutrient pat-
erns that will not raise TAG levels.
urrent evidence does not indicate
ny negative effects with consump-
ion of a moderately low-fat (30% of
nergy), high-carbohydrate (sweeten-
rs or starch) diet on fasting TAG pro-
les in free-living Americans.

ental Caries
isk of dental caries increases with

ntake of nutritive sweeteners; this
isk, however, does not work indepen-
ently of factors such as oral hygiene
nd fluoridation (154,155). Develop-
ent of caries is multifactorial:

weetener intake along with fre-
uency of meals and snacks, fre-
uency of tooth brushing, fluoridation
f water, direct application of fluo-
ide, and fluoridated toothpaste play
role (156,157). Use of polyol-based

um can reduce the risk of dental car-
es in children, with the greatest ben-
fit in xylitol-based gums (158). The
DA authorizes use of the health
laim in food labeling that sugar alco-
ols and some novel sugars (xylitol,
orbitol, erythritol, tagatose, manni-
ol, maltitol, isomalt, lactitol, hydro-
enated starch hydrolysates, hydro-
enated glucose syrups, or a
ombination of these) do not promote
ooth decay (58,159). Nonnutritive
weeteners do not promote dental car-
es.

ehavioral Disorders
laims of an association between
ugar and hyperactivity have not
een supported, even in those chil-
ren who, by report, are sensitive to
ugar (160-163). During the early
990s, theories of the effect of sweet-
ners and sweetener-containing foods
n relation to mood were proposed
164). It was suggested that states of
nxiety, frustration, depression, and
eneral dysphoria (feeling unwell or
nhappy) were seen at the same time
s subjects noted increased intakes of
weeteners (and carbohydrates in
eneral). Interestingly, any allevia-
ion of these feelings (as stated in self
eports) is followed by a more pro-
onged period of the original negative
eelings (160). Frequently, these neg-
tive feelings are not remembered be-

ause of the high motivation of the
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ADA REPORTS
ubjects to remove them. The sub-
ects’ wish to alleviate the negative

ood is very strong, yet the effect
oes not last long, resulting in self-
efeating behaviors. On the other
and, epidemiologic analyses have
oted a relationship between sugar
onsumption (based on food availabil-
ty data) and major depression (165).
bviously, more research is needed.
iven the weak and conflicting clini-

al evidence, the sweeteners mood
heory has yet to be validated
160,166).

More recently, interest has turned
o an “addictive” effect of sweeteners
167,168). Levine and colleagues
145) reviewed animal data that sug-
est sucrose consumption creates
eurochemical changes in several
rain areas, including those involved
ith pleasure-seeking behaviors (eg,

eward). Changes in levels of opiods
nd dopamine with glucose adminis-
ration suggest a complex relation-
hip between these neurochemicals in
esponse to glucose. To date, few hu-
an studies have been conducted;

herefore, any application to humans
t this time is not justified.
As part of the FDA approval pro-

ess, toxicology testing can examine
he impact of nonnutritive sweeten-
rs on behavior. The approved nonnu-
ritive sweeteners did not show sig-
ificant effects on behavior, especially
hen consumed within the acceptable
aily intakes.
Attention has been paid to the as-

ociation between aspartame and a
ange of central nervous system and
ehavioral conditions including head-
ches, seizures, cognitive impair-
ent, and mood disorders; a recent

ritical review of the scientific litera-
ure refutes all such associations (75).
pon initial approval, the Centers for
isease Control (169) and the FDA

170) reviewed behavioral complaints
nd concluded that there was not a
pecific cluster of effects associated
ith aspartame use and that it did
ot present a public health hazard.
eadache is the most frequent con-

umer report, followed by dizziness,
ood changes, and nausea/vomiting,

ased on a 1995 FDA review of over
,000 consumer reports (171). Most
roperly designed clinical studies do
ot show a significant difference in
eadache frequency between aspar-

ame and placebo (75,172). Nonethe- a
ess, individuals who contend that as-
artame associates with headaches
an use the food label to assist in
voiding this nonnutritive sweetener.
ontrolled clinical studies also have
ot supported associations between
spartame and risk of seizure (75),
ven in those who report aspartame-
elated seizures in response to an
cute aspartame load (50 mg/kg bw/
ay). An aspartame load also did not
ppear to exacerbate cognitive and
ehavioral tasks on the short term in
eople with attention deficit disorder
173). The alleged association be-
ween hyperactivity and aspartame
as also not been scientifically sup-
orted (161). The speculation that as-
artame intake is associated with
reater risk of brain tumors (174) has
ot been supported by scientists or
egulatory and government agencies
75), including the FDA (175) and the
CF (89).

MPLICATIONS FOR DIETETICS
ROFESSIONALS
utritive and nonnutritive sweeten-

rs add to the pleasure of eating. Con-
umers can enjoy a wide range of
weeteners in a wide variety of foods
nd beverages. Consumers can incor-
orate nutritive sweeteners into a
ealthful eating plan and meet cur-
ent guidelines for healthful diets.
he range of nutritive and nonnutri-
ive sweeteners allows choice in the
ype and amount of sweeteners to in-
lude in the diet. The ingredients dec-
aration on the food label provides in-
ormation to consumers on types of
weeteners contained in food and bev-
rages, although the amount of added
ugars is not listed in the Nutrition
acts panel.
Nonnutritive sweeteners are safe

or use within the approved regula-
ions. They can increase the palat-
bility of fruits, vegetables, and
hole-grain breads/cereals and thus
ave the potential to increase the nu-
rient density of the diet while pro-
oting lower energy intakes. The

rend in sweetener blending will max-
mize sweetening potential and sup-
ort intakes of nonnutritive sweeten-
rs well within the acceptable levels.
ational surveillance of intakes of
onnutritive sweeteners, and the
oods and beverages to which they are

dded, is important to assess whether

Journa
hey assist consumers in meeting rec-
mmended dietary goals.
Dietetics professionals play an im-

ortant role in educating the public
nd their colleagues about the use,
afety, and health implications of
oth nutritive and nonnutritive
weeteners. The issue of sweeteners
an be contentious with some health-
elated and consumer groups, who en-
ourage the reduction or elimination
f sweetened foods and beverages
rom the diet (especially for children).
he issue of sweeteners can engender
motional feelings, which may have
reater personal meaning than sta-
istical arguments (176). Dietetics
rofessionals must use science-based
vidence when making recommenda-
ions on use of nutritive and nonnu-
ritive sweeteners. The research to
ate does not support a specific level
f intake of nutritive sweeteners, only
maximal amount (25%) at which di-

tary quality is affected. This Position
tatement, supported by research ev-

dence, affirms inclusion of nutritive
nd nonnutritive sweeteners within
he context of current dietary and
hysical activity recommendations
or the public. Dietetics professionals
hould empower consumers to trans-
ate these recommendations into a
lan that meets personal health and
ietary goals as well as to individual-
ze recommendations based on spe-
ific health conditions.

Dietetics professionals can lead the
ialogue to help consumers and oth-
rs in addressing the following issues
f concern:

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;
assist consumers in reading food
and beverage labels to determine
appropriate personal choices about
consumption of nutritive and non-
nutritive sweeteners; and
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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ure research needs, dietetics profes-
ionals can provide support for stud-
es to do the following:

evaluate the influence of nutritive
and nonnutritive sweeteners on di-
etary quality;
examine the impact of nutritive and
nonnutritive sweeteners on satiety,
energy intake, and weight manage-
ment; and
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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