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flavor acceptability of NNS. In developing this scientific statement, the writing group reviewed issues pertaining to NNS in the
context of data on consumer attitudes, consumption patterns,
appetite, hunger and energy intake, body weight, and components of cardiometabolic syndrome. The objective was to review
the literature to determine whether there were adequate data to
provide guidance for the use of NNS.
The focus of the statement is on the 6 NNS that are described
in Table 1. Aspartame, acesulfame-K, neotame, saccharin, and
sucralose are regulated as food additives by the US Food and
Drug Administration and therefore had to be approved as safe
before being marketed. Regarding stevia, at this time, the US
Food and Drug Administration has not made a determination as
to the Generally Recognized As Safe status, but has issued no
objection letters for a number of Generally Recognized As Safe
notifications for stevia sweeteners (http://www.fda.gov/Food/
FoodIngredientsPackaging/GenerallyRecognizedasSafeGRAS/
GRASNotificationProgram/default.htm). Because all 6 of
these NNS have current US Food and Drug Administration
approval, issues related to safety of these compounds are not
addressed. In addition, the review of the literature is primarily

2009 American Heart Association scientific statement
titled “Dietary Sugars Intake and Cardiovascular Health”1
concluded that current intake of added sugars among Americans
greatly exceeds discretionary calorie allowances based on the
2005 US Dietary Guidelines.2 For this reason, the American
Heart Association Nutrition Committee recommended
population-wide reductions in added sugars intake. The present
statement from the American Heart Association and the American
Diabetes Association addresses the potential role of nonnutritive
sweeteners (NNS) in helping Americans to adhere to this recommendation in the context of current usage and health perspectives.
By definition, NNS, otherwise referred to as very low-calorie
sweeteners, artificial sweeteners, noncaloric sweeteners, and
intense sweeteners, have a higher intensity of sweetness per
gram than caloric sweeteners such as sucrose, corn syrups, and
fruit juice concentrates. As a caloric sweetener replacement, they
are added in smaller quantities; hence, they provide no or few
calories. In our current food supply, NNS are widely used in
thousands of beverages and other food products such as diet soft
drinks, yogurts, desserts, and gum. Food manufacturers often use
a blend of NNS or use a blend of sugar and NNS to improve the
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Nonnutritive Sweeteners3– 6

Sweetener and
Chemical Structure

Common Brand
Names

Acesulfame-K
Potassium
6-methyl-2,2-dioxooxathiazin-4-olate
Aspartame
N-(L-␣-Aspartyl)-Lphenylalanine, 1-methyl
ester
Neotame
N-关N-(3,3-dimethylbutyl)L-␣-aspartyl兴-Lphenylalanine 1-methyl
ester
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Saccharin
1,1-Dioxo-1,2benzothiazol-3-one
Sucralose
1,6-Dichloro-1,6dideoxy-␤-Dfructofuranosyl-4-chloro4-deoxy-␣-Dgalactopyranoside
Plant-Based Sweeteners§
Stevia (as stevia
glucosides)

ADI*/JECFA
Toxicology
Monograph No.
(Year)

Representative
Amount of
Year FDA
Sweetener in
Approved 12-oz Soda,† mg

No. of Servings⫽to
ADI for a 150 lb
(68 kg) Person

Amount of Sweetener
in a Packet (Equivalent
to 2 tsp Sugar),‡ mg

No. of Packets⫽to
ADI for 150 lb
(68 kg) Person

Sweet One

15 mg/kg bw
28 (1991)

1988

40 (blended
with aspartame)

25, 12-oz servings

50

20

Equal
NutraSweet

40 mg/kg bw
15 (1980)

1981

187

14, 12-oz servings

40

68

Neotame

2 mg/kg bw
52 (2004)

2002

Not in
carbonated
beverages

...

No consumer product

...

Sweet’N Low

5 mg/kg bw
32 (1993)

Before
1958

8 (blended with
aspartame)

42, 12-oz servings

40

8.5

Splenda

15 mg/kg bw
28 (1991)

1999

68

15, 12-oz servings

11

30

Truvia
PureVia
Sweet Leaf

4 mg/kg bw
60 (2009)

2008

17

16, 12-oz servings

9

30

ADI indicates acceptable daily intake; JECFA, Joint Expert Commission on Food Additives of the World Health Organization and the Food and Agriculture Organization
(http://www.codexalimentarius.net/web/jecfa.jsp); FDA, US Food and Drug Administration; tsp, teaspoon.
*ADI is a measure of the amount of a specific substance in food or drinking water that can be ingested over a lifetime without an appreciable health risk.
Measurement is usually expressed in milligrams of sweetener per kilogram of body weight (mg/kg bw). The amount is usually set at 1/100 of the maximum level
at which no adverse effect was observed in animal experiments.
†The amount of sweetener if the product is exclusively sweetened with 1 sweetener. Very frequently ⬎1 sweetener is used in soda or other products. Usually this
information is proprietary and is not available to the public; the exception is saccharin. The amount of saccharin must be listed in the ingredient list. The maximum
amount is 12 mg/fluid ounce.
‡One packet has the sweetness of 2 teaspoons of sugar. One packet of sweetener has ⬍4 calories in comparison with 32 calories in 2 teaspoons of sugar.
§Another plant-based sweetener, Lo Han Gau, has recently been approved by the FDA.

restricted to human studies in which noncaloric sweeteners are
used as a replacement for caloric sweeteners.

Literature Search
Approach
The literature search was conducted by using the following
search terms: nonnutritive sweetener(s), artificial sweetener(s),
noncaloric sweetener(s), diet (beverages and soft drinks), and the
names of each of the 6 NNS available for use in the United
States (including their brand names). The initial search by use of
PubMed was limited to original research published after 2000,
studies conducted in humans (primarily restricted to controlled
trials and prospective cohort studies), and systematic reviews.
Additional articles were identified by use of the literature cited in
the original publications and review articles, and the Evidence
Analysis Library of the American Dietetic Association
(http://www.adaevidencelibrary.com/), as well. A Google search
was used to identify published marketing research related to
consumer views of NNS.

Summary of Available Literature
The literature search yielded relatively few research studies that
focused on the specific objective of this scientific statement, the
potential role of NNS in facilitating reduction of added sugars
intake in humans. This is likely attributable to inherent complexities involved in the design and implementation of these types of
studies. In particular, experimental studies designed to test the
effects of NNS on health outcomes in food are particularly
challenging, because replacing added sugars with NNS alters
dietary composition (ie, assuming portion size is not reduced, the
relative proportions of fat, protein, and carbohydrate may be
changed or the nature of the carbohydrate alone may be
changed) in ways that can add potential confounding to the
simple comparison of added sugars versus NNS. The majority of
the human data in prospective observational studies and randomized controlled trials on the use of NNS focus specifically on diet
soft drinks as a replacement/displacement of regular soft drinks.
Assessment in large prospective cohorts of the use of NNS from
sources other than diet soft drinks has been limited methodolog-
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Consumer Attitudes and Rationale for Using
or Avoiding NNS
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Food and beverage industry publications provide some insights
into consumers’ rationale for NNS use. As expected, some of
this use is tied to consumer efforts to decrease their intake of
calories and caloric sweeteners. A 2012 survey of American
adults by the International Food Information Council Foundation found that 51% of the respondents reported trying to limit
sugar, 44% were trying to limit high-fructose corn syrup, and
29% were trying to limit low-calorie sweeteners.7 When asked to
select ⱖ1 choices from a list of reasons for using NNS, 41%
chose “are an option for people with diabetes,” 41% chose “can
reduce the calorie content of foods,” 40% chose “can play a role
in weight loss or weight management,” 30% chose “can be part
of an overall healthful diet,” and 31% chose “don’t know enough
about them to provide an answer.” Seventy-three percent of
those consuming NNS reported doing so to reduce total calories
consumed.
Although consumer demand for reduced-calorie and addedsugars products has resulted in a proliferation of new NNS
products, American consumers have concerns about NNS, as
well. In a Mintel survey conducted in a representative sample of
Americans, the vast majority of survey respondents (81%)
agreed with the statement “Sugar-free foods do not taste as good
as those made with real sugar.”7a The Mintel survey also found
that 64% of respondents indicated they were concerned about
the safety of “artificial” sweeteners.7a Survey data from the
Hartman Group indicated that 44% of consumers reported they
“deliberately avoid/reduce intake of artificial (flavors, sweeteners, colors or dyes),” but, when asked about specific NNS, the
proportion drops to 39%, 33%, and 21% for saccharin, aspartame, and sucralose, respectively. The survey did not include
other NNS.8 Consumers’ concerns about taste and artificial
ingredients may motivate food manufacturers to promote sucralose as being made from “real” sugar and stevia-derived NNS as
being “natural” and made from the leaves of the stevia plant.
Consumer education will need to stress that promotion of a
certain NNS as “real” or “natural” does not necessarily indicate
that such products are more efficacious or safer than other NNS.

Estimates of Consumption Patterns
Information on the amounts of NNS in beverages and foods
is limited and not easily accessible. Food processors and manufacturers are required to list the NNS in product ingredient lists
but, with the exception of saccharin, are not required to provide
the amount used in products or to release the information to
federal agencies or the general public.3 Between 1999 and 2004,
there was a large increase in the number of new products with
NNS available in the United States, estimated to be ⬎6000.9 Of
the 6 available NNS, sucralose (found in 2500 products),
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ically by such factors as lack of specificity in intake data
collected by food frequency questionnaires (FFQs) and lack of
accurate NNS composition values in available databases. Much
of the published literature on NNS addresses research conducted
in animal models and evaluations of potential toxicity, neither of
which were areas of focus for this statement. Hence, the review
that follows is notably limited by the lack of an extensive
evidence base.
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Figure 1. Carbonated soft drinks, gallons per year per capita.
US availability as determined by US Department of Agriculture
Economic Research Service. http://www.ers.usda.gov/Data/
FoodConsumption.

acesulfame-K (found in 1103 products), and aspartame (found in
974 products) were the most popular.9 NNS are most commonly
used in carbonated beverages.3 Estimates of consumption patterns are typically made by reporting amounts of beverage and
food items containing NNS, rather than amounts of specific
NNS consumed.

Nationwide Food Consumption Survey, National
Health and Nutrition Examination Survey, and
US Department of Agriculture Economic Research
Service Data
Mattes and Popkin3 examined the trends in consumption of
foods and beverages with NNS among Americans aged ⱖ2
years by use of the US Department of Agriculture Nationwide
Food Consumption Survey for 1965, 1977 to 1978, and 1989
to 1991 and the National Health and Nutrition Examination
Survey (NHANES) for 1999 to 2000, 2001 to 2002, and 2003
to 2004. Consumption of NNS in both beverages and foods
increased over time. The survey data indicate that, on any given
day, 15% of the US population consumed NNS in 2003 to 2004
in comparison with 3% in 1965. The proportion of the population choosing beverages with NNS remained relatively stable
between 1989 and 2004 (10.1% and 10.8%, respectively),
whereas the proportion consuming NNS in foods increased from
3.2% to 5.8% during that time period.3 Notably, the increase in
NNS products was not accompanied by a corresponding decrease in reported consumption of products sweetened with
added sugars, which indirectly suggests that NNS are not being
used to displace products sweetened with added sugars. This
same pattern of parallel increases in both NNS products and
products with added sugars has been reported elsewhere10,11 and
is evident from per capita food availability data, as compiled by
US Department of Agriculture Economic Research Service for
regular versus diet soft drinks, with intake increasing primarily
from 1980 to 1990 and then leveling off between 1990 and 2003
(Figure 1).
One of the authors (L.M.S.) examined the prevalence of
consuming NNS foods and beverages in children and adults with
the use of data from NHANES 2007–2008. Dietary intake in
NHANES was assessed by a 24-hour recall in-person interview,
which presents a “snapshot” of foods and beverages consumed
by NHANES participants on a given day. The most frequently
reported and consumed NNS product was NNS beverages in
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Figure 2. Prevalence (%, SE) of nonnutritive sweetened beverage
and food intake in the US population as determined by one
24-hour recall (National Health and Nutrition Examination Survey
2007–2008) among individuals. Sample sizes: for females and
males aged ⱕ18 years, n⫽1781 and n⫽1911, respectively; and for
females and males aged ⱖ19 years, n⫽2820 and n⫽2742,
respectively.

Other Perspectives on NNS Users
Dietary intake assessed by FFQ, as is common in observational
cohort studies, provides an estimate of those who “ever” versus
“never” use NNS-containing beverage or food items included in
the questionnaire; this is a different perspective than that derived
from 24-hour recall data as above. The prevalence of saccharin
intake in 1980 (the only NNS available at that time) was
assessed in a subset of the Nurses’ Health Study (NHS)
characterized as being free from major illnesses and other
lifestyle factors that might modify weight gain. Intake was
assessed by use of a 61-item FFQ completed by 31 940 women.
The report indicated that the prevalence of saccharin users was
56%.12 In the Health Professionals Follow-up Study (HPFS),
40%

Prevalence
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comparison with intake of NNS foods or packets of artificial
sweeteners among male and female children and adults in
NHANES 2007–2008 (Figure 2; L.M. Steffen, unpublished
data, 2011). After further examination of NNS beverage intake
by age group, the prevalence of consumption of these beverages
increased across age groups, especially among females (Figure
3; L.M. Steffen, unpublished data, 2011). In general, more adults
were NNS beverage consumers than children or adolescents.

30%
Female
20%

Male

10%
0%
1-3

4-8

9-13

14-18

19-30

31-50

51-70

>70

Age (years)

Figure 3. Prevalence (%, SE) of nonnutritive sweetened beverage
intake among US children and adults as determined by one
24-hour recall (National Health and Nutrition Examination Survey
2007–2008) according to age group. The sample size of participation by age group for females was ages 1 to 3 (n⫽575), 4 to 8
(n⫽435), 9 to 13 (n⫽418), 14 to 18 (n⫽353), 19 to 30 (n⫽513), 31
to 50 (n⫽950), 51 to 70 (n⫽873), and ⬎70 (n⫽484). The sample
size of participation by age group for males was ages 1 to 3
(n⫽617), 4 to 8 (n⫽502), 9 to 13 (n⫽412), 14 to 18 (n⫽380), 19 to
30 (n⫽518), 31 to 50 (n⫽889), 51 to 70 (n⫽869), and ⬎70 (n⫽466).

artificially sweetened beverage intake was assessed in 1986 and
every 4 years after that during 20 years of follow-up with use of
a 131-item FFQ.13 By use of a cumulative average over this time
period, 54% of the men reported consuming artificially sweetened beverages at least 2 times per month. The San Antonio
Heart Study enrolled a randomly selected sample from nonHispanic white and Mexican American neighborhoods. Among
3682 participants who were examined first between 1979 and
1988 and then again 7 to 8 years later, 48% reported some
consumption of NNS in beverages that included diet soft drinks,
coffee, or tea. Consumption of NNS in food items was not
assessed.14

Appetite, Hunger, and Energy Intake
For NNS-sweetened items to successfully contribute to reductions in calories from added sugars or other sources, they must
also avoid causing compensatory energy intake immediately or
later in the day. If choosing a diet soft drink over a regular
calorie soft drink leads to a decrease of ⬇100 kcal per 8-oz
serving, but later in the day causes an alteration in appetite or
hunger that results in an additional 50, 100, or 200 kcal of intake,
the initial “calorie saving” effect would be altered or reversed.
Or, if choosing a diet soft drink enables an individual to
simultaneously justify eating a 150-calorie snack, the calorie
savings from the NNS would also be negated.
Mattes and Popkin3 critically examined the evidence for
effects of NNS on compensatory appetite and food intake.
The 8 potential mechanisms they reviewed are listed and
briefly described in Table 2. The review concluded that the
available evidence either refuted or was insufficient to refute
or support each of these potential mechanisms or hypotheses
for NNS increasing appetite, hunger, or energy intake.3
The complexity in attributing the extent to which NNS
consumption is compensated for by intake of other foods is
fraught with methodological challenges both in controlled feeding experiments and free-living trials. According to International
Food Information Council Foundation research, ⬍10% of
Americans can accurately estimate the number of calories they
should consume in a day. Consumer education on daily energy
requirements is needed, and that products containing NNS may
assist in weight control when used in place of full-calorie
products, if not compensated for otherwise. Controlled feeding
experiments might or might not show an impact of NNS on
future caloric intake, but, by definition, these are not real-world
situations. Conversely, in the real world, so many factors impact
food choice that attributing caloric intake after NNS consumption uniquely to that consumption may also not be true and may
be confounded particularly by reverse causality; that is, the
previous NNS choice might be deliberate in anticipation of a
known future exposure to higher caloric meal.

Energy Intake Compensation
Various studies that have examined energy intake as a primary
or secondary outcome have used designs that contrast beverages
and foods made with caloric sweeteners versus NNS. In a
meta-analysis of weight loss studies that tested the effectiveness
of aspartame in reducing energy intake, data from 12 studies
were pooled to address energy intake compensation.15 The
weighted average of energy intake compensation in the ⬇24

Gardner et al
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Potential Mechanisms

Description
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Cephalic phase stimulation

Refers to a phase of early gastric secretions when food is in the mouth but has not yet reached the stomach; NNS might affect
hunger and appetite at this phase.

Nutritive and osmotic
effects

Refers to the possibility that the lower energy density and lower osmotic load of NNS versus caloric sweeteners could alter the
rate of gastric emptying or other factors of digestion and absorption that might affect sensations of satiety.

Gut peptide response

Refers to the effect dietary macronutrients have on gut peptides that signal satiety; if NNS were to diminish the release of
these peptides relative to caloric sweeteners, it could theoretically result in lower satiety and increased energy intake.

Palatability

NNS are typically added to increase palatability, and palatability is assumed to stimulate hunger and/or reduce satiation/satiety,
thus increasing intake.

Informed use leading to
overcompensation

Expected energy savings attributed to the substitution of an NNS-containing product could lead to subsequent indulgence
rationalized by the previous energy savings and then overcompensation.

Loss of signal fidelity

Sensory properties signal information about the metabolic response required by consumption of the product. If the sensory cue
of sweetness leads to inaccurate or inconsistent predictive power, energy regulation may be disrupted and could lead to
positive energy balance from overconsumption triggered by this signaling.

Activation of reward
systems

Refers to the possibility that the enhanced palatability conferred by NNS could play a role in reward-motivated feeding, thus
added caloric intake when a nonfood reward could be provided.

Training the palate/learning
to like the familiar

Refers to the possibility that repeated exposure to NNS may perpetuate a preference for sweet items in the diet, including
items sweetened with caloric sweeteners.

A review by Mattes and Popkin3 concluded that the available evidence either refuted or was insufficient to refute or support each of these potential mechanisms
or hypotheses for NNS increasing appetite, hunger, or energy intake.
NNS indicates nonnutritive sweeteners.

hours that followed aspartame intake was 32% (ie, 68% of the
original energy deficit was uncompensated and was maintained
through the subsequent period of intake). Of the 4 studies from
the meta-analysis that used beverages alone, the compensation
was just 15% for the subsequent 24 hours; that is, the data
suggest there is less compensation in beverages than foods,
resulting in a more effective net reduction in calories when
replacing sweetened beverages with NNS beverages.15 The
implication here is that anything ⬍100% compensation results
in a net reduction in 24-hour energy intake.
One of the studies included in the meta-analysis involved
24 men and women who consumed 4 different beverages, each
for 4 weeks, in a crossover design. Subsequent food intake was
monitored. The beverages included a full caloric beverage
(sucrose) versus an NNS beverage (aspartame), provided with
either an orange or raspberry flavor. Data were collected at
baseline and after 4 weeks of habituation.16 The investigators
observed a significant lack of energy intake compensation over
the course of the day among study participants when they were
consuming the full caloric beverages relative to the NNS
beverages. In another study, 21 overweight adults were assigned
to consume 28% of their energy intake as sucrose, mostly as
beverages. After 10 weeks, there was a significant increase in
their energy intake, body weight, fat mass, and blood pressure.17
These effects were not observed in a similar group of 20
overweight adults who consumed NNS in place of the sucrose,
but otherwise had a similar dietary intake composition in
comparison with the other group.17 In a controlled feeding
experiment that involved a preload snack containing sucrose
(493 kcal), aspartame (290 kcal), or stevia (290 kcal), the energy
intake of subsequent meals was similar; the energy intake for the
combined preload snack and later meals combined was lower for
the aspartame and stevia phases versus the sucrose phase
(P⫽0.01).18 All of these studies, therefore, observed a net
reduction in energy intake for NNS use relative to the comparison condition with sucrose.

Not all such studies have observed a net reduction in overall
energy intake when NNS were used instead of caloric sweeteners. A 4-week trial, providing either diet soft drinks (sweetened
with aspartame) or regular calorie soft drinks resulted in similar
total energy intake in healthy-weight adults of both sexes,19 and
in overweight women, as well.20 Similarly, the results of a
25-week study conducted in adolescents suggested that normalweight youth compensated for the energy reduction when
consuming diet beverages. However, as evidence of the complexity of this issue, the same study reported that the use of NNS
beverages did result in a net energy deficit in those adolescents
in the highest body mass index (BMI) tertiles (a conclusion that
should be tempered by awareness that the intervention group
was counseled to replace sugar-sweetened beverages with diet
beverages and/or water, making it difficult to differentiate the
effects of NNS versus water).21
Overall, the limited human studies literature in this area of
NNS research suggests that compensation is an important
factor to consider when assessing impact on energy intake
over periods of ⱖ24 hours. Further studies are warranted to
address some of the complexities inherent in this issue,
including the potential impact of being informed versus naı̈ve
about the presence or absence of NNS in items being
consumed. It is worth noting that, in preschool children, when
energy intake is reduced by substitution of nutrient-dense,
lower-calorie food choices instead of NNS (eg, fruits and
vegetables), some energy intake compensation occurs, but net
energy intake remains lower over several days.22,23

Appetite, or Preference, for Sweet Taste
Examination of the potential effects of NNS on appetite requires
consideration of genetic and environmental factors that may
regulate preference for intensity of sweet taste.24 –26 One focus of
such research concerns the metabolic/hormonal responses to
both caloric sweeteners and NNS to determine whether these can
be linked to mechanisms that promote future weight gain or
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other adverse physiological consequences. Sweet taste is mediated largely by a single receptor composed of the 2 subunits
TAS1R2 and TAS1R3. Understanding how the polymorphism
of this receptor gene affects preferences is important to understanding usage of NNS. Recent data in mice suggest that
additional mechanisms may exist, but these have not been
confirmed in humans.27 Newer animal research also suggests the
possibility that sweet-taste receptors exist in the gut, triggering
complex metabolic/hormonal responses to NNS. The impact of
these receptors and their metabolic consequences on obesity and
diabetes mellitus in humans is just beginning to be studied.28
Although ingestion of foods containing NNS may trigger a wide
array of responses related to food absorption that may impact
future food consumption,29 adverse effects related to these gut
receptors have yet to be identified.30,31
A preference for higher intensity of sweetness exists in
humans in infancy, declines in adolescence in comparison
with infancy, and then plateaus or slowly declines in young
adulthood, and may or may not decline further in old age.32,33
There is significant interindividual variation in sweet- and
bitter-taste preference, and this preference may be genetically
determined.34 –37 These genetic differences may impact preferences for both caloric sweeteners and NNS, which may also
have a bitter-taste component. Although animal research
suggests that sweet-taste preference can be conditioned
through repeated exposure,38 preference for sweet taste in
humans is more complex and involves many central receptor
mechanisms, including but not limited to dopamine signaling.39 Critical factors such as food culture and social expectations may also have an impact.3 The presence of caloric
sweeteners may also enhance taste acceptance.40

Cardiovascular and Metabolic
Health Outcomes
The potential effects of NNS on body weight, cardiometabolic
variables, and diabetes mellitus/glycemic response were examined. The evidence considered was limited to prospective studies
and controlled trials conducted in humans. For the controlled
trials, primary emphasis was given to study designs that involved
replacing caloric sweeteners with NNS. Prospective cohort
studies were also considered, but cross-sectional data were not
considered. Although NNS intake may precede and lead to
changes in weight or metabolic variables, the opposite is also
plausible (ie, individuals who become overweight/obese may
seek out NNS items after becoming overweight/obese or being
informed they have type 2 diabetes mellitus). Therefore, it is not
possible to distinguish the temporal relationship between these
by using cross-sectional studies, and, as will be discussed, it can
be difficult to distinguish this relationship even in some prospective studies.

Body Weight
The vast majority of data available related to NNS consumption
and body weight has focused on creating an energy deficit by
substituting NNS for sugars in the beverage component of the
diet, with only a few intervention studies also targeting foods.
Findings in both controlled intervention trials and prospective
observational studies have been inconsistent.

Controlled intervention trials have reported that use of
products with NNS results in weight loss or has negligible
effects on weight. In a review of 16 trials with a primary
focus on aspartame and weight control, weight loss was a
primary outcome in 9 of the 16 trials.15 Beyond summarizing
the overall pattern of success with weight loss in these
studies, the investigators attempted to quantify the magnitude
of caloric substitution required for meaningful weight loss.
By their calculations, a weight loss of 0.2 kg/wk over 12
weeks was achieved from a net energy deficit of 220 kcal/d
attributable to aspartame substitutions for caloric sweeteners.
Determining the net energy deficit required consideration of
energy intake compensation, which was different for foods
and beverages (as described previously, see Energy Intake
Compensation). For foods it was determined that displacing
330 kcal/d of sugar (82.5 g), and assuming 32% compensation, would yield the 220-kcal deficit. For beverages, with a
calculated 15% compensation, 260 kcal of caloric sweetener,
or 70 g (the amount found in ⬇2, 12-oz soft drinks), would
need to be displaced to yield the same net 220-kcal deficit.
In a study conducted with 103 subjects who were 13 to 18
years of age and who regularly consumed sugar-sweetened
beverages, BMI change was the primary outcome. The randomized trial contrasted home delivery of NNS beverages (ie, water
and diet soft drinks, iced teas, lemonade, and punches) to a
control group that did not receive beverages and were instructed
to continue their habitual consumption. Overall, there were no
significant differences in BMI changes over the 25-week period;
however, in a post hoc stratified analysis of participants in the
highest tertile of baseline BMI, the BMI change was significantly greater, reflecting weight loss, in the group receiving the
NNS beverages.21 Another study involved a family-based randomized trial testing the impact of promoting sucralose and
sucralose-containing products as substitutes for caloric sweeteners in beverages and foods.41 This study was conducted in
conjunction with instructions to add 2000 steps/d to their
habitual physical activity. One hundred families assigned to the
intervention were compared with 93 families assigned to follow
their habitual diet and activity patterns. After 6 months, none of the
primary study outcomes (changes in BMI for age, waist circumference, or percentage of body fat) were significantly different between
treatment groups, either for the children (primary target population),
or their parents (secondary target population). In post hoc analyses,
the investigators found a borderline significant improvement in the
intervention group for the percentage of children who maintained or
reduced their BMI for age.
As would be expected, controlled intervention trials involving dietary manipulations, as described above, are generally limited to relatively short durations of ⱕ6 months (1
exception being a 16-week intervention with aspartamesweetened foods and beverages with a 1-year maintenance
period and 2 years of follow-up; this study was included in
the review of 16 trials previously described).15,42 Longer-term
perspectives are available from prospective observational
studies, with the important limitation that these studies can
address only associations, and not causal effects.
A limited number of prospective observational studies have
addressed NNS and weight, most of which assessed NNS intake
by FFQ. None of the studies were designed specifically to assess
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associations between NNS and weight. Two studies published
⬎20 years ago reported a positive association between NNS use
and weight gain.12,43 However, these findings were observed by
the use of limited dietary assessment methods, and in selected
(ie, not representative) study populations. A 2008 study examining the San Antonio Heart Study population reported a positive
dose-response association between artificially sweetened beverage consumption (ie, diet soft drinks, and coffee and tea with
added NNS) and incidence of overweight/obesity during a 6- to
7-year follow-up period of 5158 adults. The association was
consistent across sex and ethnicity; overall, the change in BMI
was 47% greater among NNS users than nonusers after adjusting
for baseline BMI and demographic and behavioral characteristics.14 A 2011 study reported findings on associations of a broad
range of diet and lifestyle variables with 12- to 20-year weight
change observed in 3 separate cohorts that included 120 877 US
women and men from the NHS, NHS II, and the HPFS. For a
given unit of 1 diet soft drink serving/d the association with
weight change was not statistically significant in the NHS,
whereas there was a statistically significant but modest association with weight loss (⬍0.25 lb/4 years) observed in NHS II
and HPFS after adjusting for a broad range of demographic and
lifestyle variables.44
A separate publication based on only the HPFS population
focused specifically on sugar-sweetened beverage versus artificially sweetened beverage (ASB) intake and provides important
insights into the opportunities and limitations of the perspective
offered by prospective observational studies. Cumulative averages of intake were determined by FFQs administered every 4
years for 20 years, starting in 1986, and the main outcome of
interest in this publication was incidence of type 2 diabetes
mellitus. At the start of the study, in 1986, participants were
asked to report any weight change in the preceding 5 years,
between 1981 and 1986. The weight change data were presented
separately for those who reported losing weight (14%–18% of
the population, depending on the specific quartile of ASB intake
[L. de Koning, personal communication, 2011]) and those who
reported gaining weight (45%–51% of the population, depending on the specific quartile of ASB intake) in that time frame; the
remainder reported no weight change.13 Among those who lost
weight, there was a significant trend of greater weight lost for
higher versus lower ASB intake quartiles (0.9⫾0.2 versus
0.5⫾0.5 kg, means⫾SD, respectively, for the highest versus
lowest quartile). Among those who gained weight, there was a
significant trend of greater weight gained for higher versus lower
ASB intake quartiles (2.6⫾4.6 versus 1.8⫾3.4 kg, respectively).
This may appear contradictory; how could greater intake be
associated with both greater weight loss and greater weight gain?
However, this suggests there may be importantly different
subsets of the population: one that successfully uses ASB for
weight control and another that does not. On the other hand, the
different time frames of the weight change data versus ASB
intake data must also be considered; the 1981 to 1986 weight
change preceded the 1986 to 2006 cumulative average ASB
intake reported in the article; from a chronological perspective it
is the weight change that is predicting ASB consumption, rather
than vice versa (ie, weight gain may predict subsequent increased ASB consumption). Three additional findings presented
in this study further highlight the complexities involved: the
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following trends for baseline characteristics for the full study
population, regardless of 1981 to 1986 weight change, were all
statistically significantly related to ASB intake; diet quality as
assessed by the Alternative Healthy Eating Index was higher,
total energy intake was lower, and BMI was higher for those
consuming greater amounts of ASB. Overall, the data from this
study suggest there may be important subsets of the population
that incorporate NNS products into their diet with different
objectives or with differential success, and that there is likely
substantial confounding in these types of analyses given the
many dietary and health variables that correlate with NNS
intake.12,43
Assimilating Results From Intervention and
Observational Studies
The 2 sets of studies reviewed above help to demonstrate what
have been and will continue to be challenges in reaching
definitive conclusions about the effectiveness of NNS in supporting energy intake restriction and promoting weight loss and
weight control. The short-term nature of intervention studies
limits their ability to observe long-term weight change, and the
typical personal/individual support from study staff and related
heightened awareness of NNS intake among study participants
limit the generalizability of the findings. On the other hand,
among the observational studies, the challenges of accurately
assessing NNS intake, the many potential confounders, and the
difficulty in determining directionality (eg, possible reverse
causality) represent important limitations. Nonetheless, the
strength of intervention trials in establishing causality and the
opportunity in observational studies to address long-term
changes in health outcomes suggest that both approaches will
continue to be useful and complementary in providing guidance
regarding NNS use. Currently, available data provide, at best,
modest support for a modest effect on weight with NNS use,
with many important caveats to the available published findings
and ample opportunity for future studies to build on past studies
to more effectively address this issue.

Cardiovascular Disease Risk Factors,
Cardiometabolic Syndrome, and Coronary
Heart Disease
Several prospective studies have been conducted to examine
associations of NNS soft drink (ie, diet soft drink) intake with
chronic disease, including coronary heart disease (CHD),
chronic kidney disease, and cardiometabolic syndrome and its
individual components. In the NHS, consuming ⱖ2 servings
of diet soft drinks per day was associated with an increased
risk of CHD and chronic kidney disease in comparison with
consuming ⬍1 serving of diet soft drinks per month over 11
to 12 years of follow-up.45,46 Middle-aged men and women
consuming ⱖ1 servings of diet soft drinks per day had ⬎30%
higher risk of developing metabolic syndrome over 9 years of
follow-up.47 Similar results were also observed for the components of metabolic syndrome.47 In the Northern Manhattan
Study of ⬎2500 multiethnic adults with 10 years of follow-up
and a cardiovascular event incidence of ⬇2%, daily diet soft
drink intake was associated with an increased risk of events;
regular soft drink intake was not associated with events.
However, the small numbers of events, the unusually small
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numbers of daily consumers of diet soft drinks in this
population, and the plausibility of reverse causality led the
authors to caution against possible misinterpretation of the
findings.48 In contrast, a recent report from the HPFS examining CHD incidence over 22 years in almost 43 000 men
with 3683 CHD events, observed a positive association
between sugar-sweetened beverage intake and CHD risk, but
no association with ASB.49 The authors specifically noted in
their discussion that ASB consumption was probably, at least
in part, attributable to response to the diagnosis of a chronic
condition. Finally, in a recent study of the joint associations
of consuming a prudent (healthy) or Western diet pattern with
or without diet beverage consumption among young adults
with ⬎20 years of follow-up (CARDIA [Coronary Artery
Risk Development In Young Adults] study), consumers of
both a prudent (healthy) diet pattern and diet beverages had a
lower risk of having elevated glucose or low high-density
lipoprotein-cholesterol, but not the metabolic syndrome, than
nonconsumers following a prudent diet pattern or consumers
and nonconsumers following a Western diet pattern.50 In general, the literature in this area is sparse, limited to prospective
observational studies, and examines NNS intake from beverages, but not foods. In addition, these observational prospective
studies can only identify associations, not causal determinants,
and there is often a strong plausibility of reverse causality for
some of the significant associations observed.

Diabetes Mellitus and Glycemic Response
A recent publication of 20-year follow-up data from healthy
men in the HPFS addressed the relationship between intake of
sugar-sweetened beverages and ASB and the development of
type 2 diabetes mellitus.13 For sugar-sweetened beverages,
the association with developing diabetes mellitus remained
significant after adjusting for potential confounders. ASB
intake was significantly associated with developing type 2
diabetes mellitus in an age-adjusted analysis. However, the
association was no longer significant in subsequent multivariate-adjusted analysis; the association between ASB and
diabetes mellitus was largely explained by health status/
family history related to diabetes mellitus risk, preenrollment
weight change, dieting, and BMI. These findings suggest that
the men who consumed ABS may have done so to address a
weight gain and health conditions associated with increased
risk of developing diabetes mellitus.
With regard to NNS and glycemic response, 4 randomized
trials that varied from 1 to 16 weeks in duration found no
significant difference between the effects of NNS and various
comparisons (sucrose, starch, or placebo) on standard measures
of glycemic response (ie, plasma glucose and insulin, HbA1c,
C-peptide) and, in general, did not detect clinically relevant
effects.51–54 One study that involved contrasting treatment arms
assigned participants to either (1) a diet consistent with American Diabetes Association guidelines (control arm) or (2) a lower
calorie experimental diet containing sucralose. The result was
greater reductions in HbA1c, weight, and BMI for the experimental diet group.55 The experimental diet, however, differed
from the control diet in fat replacer and fructose content, and
sucralose content, as well, and therefore it is not possible to
determine the separate contribution of the sucralose content to

the study effects. The submission to the US Food and Drug
Administration to designate stevia extract, rebaudioside A, also
known as rebiana, with Generally Recognized As Safe status
noted the lack of effects on blood glucose. Information about a
lack of blood glucose effects was presented to address claims
that some stevia-derived compounds had a therapeutic blood
glucose–lowering benefit.56 Potential effects of beverages or
foods containing NNS on glycemic response are likely attributable to the replacement of carbohydrate by NNS rather than any
direct effect. The American Dietetic Association (renamed the
Academy of Nutrition and Dietetics in 2012) concluded in a
2010 review that, in general, NNS do not affect glycemic
response (do not raise postmeal glucose response or have a
negligible inherent effect on glycemic response) in people with
diabetes mellitus. Although the intrinsic glycemic effects of
NNS are similar to other calorie-free/carbohydrate-free products,
some NNS-containing products may contain energy and carbohydrate from other sources that need to be considered.57

Needs for Further Research
Because of the paucity of well-designed human studies that
address the specific, practical, public health issues, as presented above, further research is warranted in several areas.

NNS and Energy Compensation
The most obvious potential benefit of NNS is the substitution
of energy from added sugars, thereby facilitating both energy
and carbohydrate intake reductions (with potential glycemic
control benefits). However, what would appear to be a potential
benefit is complicated by compensation; that is, the extent to
which an immediate energy and carbohydrate reduction through
NNS use is followed by a subsequent increase in energy intake
(regardless of macronutrient type) beyond what would have
been consumed in the absence of the use of NNS. Existing data
suggest that there is partial compensation with differences in
intake after consuming food and beverages containing NNS.
Energy intake compensation appears to be greater after consuming foods containing NNS than that for beverages containing
NNS. Future work should test and compare different food and
beverage vehicles of the NNS, and compare the different NNS
themselves and NNS combinations, as well, in an effort to
maximize potential impact.

NNS Mechanisms of Action and Pathophysiology
Research in the area of energy compensation would be
facilitated and complemented by continued research into the
mechanisms of potential NNS effects. This would include,
but not be limited to, increasing the body of knowledge of
oral, gut, and neural receptors, and hormonal responses that
contribute to alterations in food preferences, appetite regulation, and satiety that are elicited by NNS. This research
should inform the selection of foods, beverages, specific NNS
(or combinations), and perhaps specific population subsets
for studies of compensation effects.

Randomized Controlled Trials Using NNS to
Impact Body Weight or Glycemic Control
Well-designed and controlled designed clinical trials are needed
to determine the long-term effect of NNS on body weight
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regulation and glycemic control at different points in the life
cycle. Weight control studies (eg, weight loss) should be
minimally 1 year in duration or longer, whereas glycemic
control studies could be shorter in duration. Studies of both end
points would benefit from better informed selections of the
types, amounts, combinations, and vehicles of NNS delivery, as
described in the previous 2 areas of suggested further research.

Assessment of NNS Intake
Immediate needs include updating of current food databases
with accurate data for the NNS content of foods and revision
of instruments used to estimate food intake to accurately
capture NNS content.

Conclusions and Recommendations
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At this time, there are insufficient data to determine conclusively whether the use of NNS to displace caloric sweeteners
in beverages and foods reduces added sugars or carbohydrate
intakes, or benefits appetite, energy balance, body weight, or
cardiometabolic risk factors. Limiting added sugars is an important strategy for supporting optimal nutrition and healthy
weights, as concluded in the 2009 American Heart Association
scientific statement “Dietary Sugars Intake and Cardiovascular
Health.”1 Monitoring carbohydrate intake, which includes limiting added sugars, is also a key strategy to achieve glycemic
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control as published in the American Diabetes Association
clinical practice recommendations.58 There are some data to
suggest that NNS may be used in a structured diet to replace
sources of added sugars and that this substitution may result in
modest energy intake reductions and weight loss. Successful
reduction in energy intake requires that there is incomplete
compensation of energy reduction from the use of NNScontaining beverages and/or foods. The impact of incorporating
NNS and NNS-containing beverages and foods on overall diet
quality should be included in assessing the overall balance of
benefits and risks. Apparent from the available literature is the
paucity of data from well-designed human trials exploring the
potential role of NNS in achieving and maintaining a healthy
body weight and minimizing cardiometabolic risk factors.
The evidence reviewed suggests that when used judiciously, NNS could facilitate reductions in added sugars
intake, thereby resulting in decreased total energy and weight
loss/weight control, and promoting beneficial effects on
related metabolic parameters. However, these potential benefits will not be fully realized if there is a compensatory
increase in energy intake from other sources.
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