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Reducing added sugar intake is be-
coming increasingly important in the 
United States (US) with rising rates of 
overweight and obesity among adults 
and children. Many health concerns are 
associated with overweight and obesity, 
which necessitate the complete and 
thorough investigation of a useful al-
ternative to sugar. Artificial sweeteners 
or non-nutritive sweeteners (NNS) have 
been suggested as they provide minimal 
calories and thus have the potential to 
facilitate the reduction of weight and 
improvement of disease status. However, 
controversy surrounds associations of 
NNS with cancer, weight status, cardio-
vascular disease, diabetes, and other 
conditions. 

NON-NUTRITIVE SWEETENERS

The American Diabetes Association, 
the American Heart Association, and 
the Academy of Nutrition and Dietetics 
(and the Academy) suggest consump-
tion of non-nutritive sweeteners as a 
possible method to reduce added sugar 
intake and, consequently, to decrease 
energy intake and weight while promot-
ing cardiometabolic health.1,2 NNS, also 
known as artificial sweeteners, low-
calorie sweeteners, or high-intensity 
sweeteners, provide a sweet taste while 
contributing minimally to energy intake.3 
However, because there is a lack of re-
search that adequately explores the roles 
of NNS in decreasing weight and cardio-
metabolic risk, replacement of added 
sugar with NNS remains controversial.1 
In fact, the Scientific Report of the 2015 
Dietary Guidelines Advisory Committee 
acknowledges the role of NNS in short-
term weight loss yet suggests using wa-
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ter as the primary replacement method 
for added sugar in beverages, due to 
inadequate evidence and uncertainty of 
the long-term health outcomes for NNS.4  

REGULATION AND SAFETY 
STANDARDS OF NON-NUTRITIVE 
SWEETENERS

The regulations regarding the safety of 
NNS are enforced by the Food and Drug 
Administration (FDA) through the US 
Food Additives Amendment of 1958.5 
This mandate requires any new food ad-
ditive to be approved prior to entering 
the market unless it is deemed generally 
recognized as safe (GRAS).6 If a substance 
does not have a GRAS exemption, then 
premarket approval is required which in-
volves a safety evaluation of the food ad-
ditive.6 This evaluation takes into account 
probable intake, health effects, toxicolog-
ical data, and safety factors.7 Toxicologi-
cal data includes the extent and rate of 
absorption, distribution, metabolism, and 
excretion.8,9 The FDA must also determine 
the highest no effect level, estimated 
daily intake (EDI), and acceptable daily in-
take (ADI).7 Determination of these levels 
allows comparison to ensure that the ADI 
is significantly higher than the normal ex-
posure (EDI) to the food additive.7 Safety 
information on food additives is private 
and determined through tests conducted 
by the FDA at the request of the addi-
tive’s sponsor.10 Table 1 summarizes basic 
information about the seven currently 
approved NNS in the US food supply, 
which include acesulfame-potassium, as-
partame, saccharin, stevia, sucralose, luo 
han guo, and neotame.3

COMPOSITION OF SPECIFIC NNS

The seven types of NNS currently avail-
able in the US consist of different compo-

nents and are processed by the body and 
used in food products in varying ways. 
Acesulfame-potassium is composed of 
organic acid and potassium, and because 
it is excreted mostly unchanged in the 
urine, it does not provide a significant 
amount of energy.11 Acesulfame-potas-
sium is present in many foods, including 
frozen desserts, candies, beverages, and 
baked goods and is often combined with 
other NNS.12 

Aspartame, a methyl ester of aspartic 
acid and phenylalanine dipeptide,13 is one 
of the most thoroughly reviewed sub-
stances in the human diet, with over 100 
studies approving it as safe.12 Although 
referred to as a NNS, aspartame actually 
provides the same amount of calories as 
nutritive sweeteners (4 kcal/g);13 however, 
due to the intensity of sweetness, only 
minimal amounts are needed.13 Aspar-
tame is often used in chewing gum, cere-
als, and dry bases for beverages, gelatins, 
and puddings.12 In the gastrointestinal lu-
men, aspartame metabolizes into aspar-
tic acid, methanol, and phenylalanine,13 
so individuals with phenylketonuria must 
use caution.3,12 Once metabolized, these 
components are absorbed into the gen-
eral circulation.13 

Discovered in 1878, saccharin is the oldest 
NNS14 and is approved for use in bever-
ages, fruit juice drinks, processed foods, 
bases or mixes, and as a sugar replace-
ment for both cooking and table use.12 
Similar to acesulfame-potassium, sac-
charin is not metabolized and is excreted 
unchanged, providing no calories.14 

Stevia or steviol glycoside comes from 
the leaves of Stevia rebaudiana Bertoni 
plant. High-purity (≥95% purity) steviol 
glycosides, including Rebaudioside A, 
Stevioside, Rebaudioside D, and steviol 
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glycoside mixtures are considered GRAS 
for use as sweeteners under specified 
conditions. However, stevia leaf and 
crude stevia extracts, which are sold as 
dietary supplements, are not consid-
ered GRAS.3,12 Stevia glycosides pass 
through the stomach and small intestine 
unchanged but are hydrolyzed by gut 
bacteria in the colon into steviol.15 Then, 
steviol is metabolized by the liver to 
form steviol glucuronide which is mostly 
excreted in the urine.15 

Sucralose which is sucrose with three 
chlorine molecules instead of three hy-
droxyl groups is used as a general pur-
pose sweetener in many foods, including 
baked goods, beverages, chewing gum, 
gelatins, and frozen desserts.3,12 Like 
acesulfame-potassium and saccharin, the 
majority of sucralose is unabsorbed and 
excreted unchanged in the feces;16 any 
absorbed sucralose is excreted mostly 
unchanged in the urine.16 

A lesser known type of NNS, luo han guo 
or monk fruit extract, is composed of 
many different cucurbitane glycosides 
called mogrosides, predominantly mo-
groside V (>30% of product). Depending 
on the concentration of mogrosides, 
sweetness levels can vary for this sub-
stance.3,12 Neotame, another lesser 
known NNS, is a derivative of the dipep-
tide phenylalanine and aspartic acid.14 
Neotame is incompletely absorbed in 
the small intestine and then quickly me-
tabolized to form a negligible amount of 
methanol along with esterified neotame, 
which is excreted in the urine and feces.17 

PRODUCTION AND CONSUMPTION 
TRENDS OF NNS

Between 1999 and 2004, NNS consump-
tion increased by over 6,000 new NNS-

containing products in the US.18 The 
most prevalent NNS in products were 
sucralose (2,500), followed by acesul-
fame-potassium (1,103), and aspartame 
(974).18 Similar to added sugar, NNS are 
most commonly consumed in the form 
of carbonated beverages.19 Mattes and 
Popkin utilized the USDA Nationwide 
Food Consumption Surveys and National 
Nutrition Health and Nutrition Examina-
tion Survey (NHANES) data to analyze 
consumption patterns between 1965 
and 2004.19 The survey data revealed an 
increase in NNS consumption between 
1989 and 2004 in both food and bever-
age products.19 In 2007-2008, 19% of US 
adults were consuming NNS by majority 
through no-calorie beverages (diet soda 
and flavored sugar-free water), followed 
by condiments and other low-calorie 
foods (light fruit juices, lemonades, and 
no-sugar-added canned fruit), and des-
serts such as sugar-free ice cream and 
pudding.20 Despite this increase in NNS 
consumption, a decrease in added sugar 
products was not reported,19,20 perhaps 
indicating that NNS is not being used as 
a complete added sugar replacement.19 
Thus, NNS may be used in combination 
with added sugar in reduced-calorie 
beverages which have been reported to 
be the driving force behind the recent 
increase in NNS consumption.20 

HEALTH CONCERNS OF  
NON-NUTRITIVE SWEETENERS

Replacing added sugar with NNS in the 
diet to reduce appetite, body weight, 
and/or cardiometabolic risk factors is 
a controversial topic.1 With 30% of US 
adults consuming NNS on any given 
day,21 it is important to consider all the 
potential health effects of NNS consump-

tion, such as cancer, weight loss, weight 
gain, cardiovascular disease, diabetes, 
and migraines. 

Cancer 

According to the National Cancer Insti-
tute, a clear evidence-based association 
has not been demonstrated between 
NNS consumption and cancer.22 Al-
though earlier studies on rats linked high 
doses of saccharin to cancer,23,24 the can-
cer-producing mechanism was found to 
be species-specific to rats.22,25 Aspartame 
has not been shown to cause cancer in 
animal studies even at very high dos-
es;26,27 however, speculations were made 
on an association between increased 
cancer cases and entrance of aspartame 
into the food supply.28 These conclusions 
were later refuted due to lack of support-
ing evidence.29 Furthermore, examina-
tion of 473,984 adults in the National 
Institutes of Health American Association 
of Retired Persons Diet and Health Study 
showed no association between high 
aspartame intake and risk of cancer.30 
Case-control studies are important to 
assess this relationship further,25 and 
most do not show a significant increase 
in risk for bladder cancer with NNS con-
sumption.31-35 One study showed heavy 
NNS consumption (>1680 mg per day) 
among 31 bladder cancer patients was 
associated with an increased relative risk 
of 1.3 for bladder cancer; however, the 
exact causal agent was impossible to de-
termine due to the combination of NNS 
found in current products.36 Other types 
of NNS, including acesulfame-potassium, 
sucralose, and neotame have not been 
suspected to cause cancer,25 and the 
National Cancer Institute emphasizes the 
results of extensive safety testing con-
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ducted by the FDA, which have revealed 
no evidence linking cancer to NNS con-
sumption22.

Weight Loss and Weight Gain

Although consuming NNS products 
have been suggested as a weight loss 
method, this suggestion remains con-
troversial in both randomized controlled 
trials and observational studies.1 In 
consideration of the effect of NNS con-
sumption on weight, it is important to 
also look at energy intake. Participants in 
a six month randomized controlled trial 
replaced  two or more servings of sugar-
sweetened beverages per day with NNS 
beverages and were more likely to lose 
up to 5% of their body weight37 as well 
as significantly decrease total energy in-
take.38 These findings support the results 
of an extensive review by De la Hunty 
et al. which looked at sixteen random-
ized controlled trials investigating the 
effects of aspartame on energy intake 
and weight loss.39 Significant reductions 
in energy intake occurred with aspar-
tame consumption when compared to a 
variety of controls (except non-sucrose 
controls like water).39 Overall, aspartame 
consumers had a mean reduction of ap-
proximately 10% of energy intake which 
corresponds to 222 kcal per day or 0.2 kg 
per week.39 Of the reviewed studies with 
significant weight loss results, differenc-
es were observed between aspartame 
and nutritive sweetener consumers in 
the short-term (two, nine, and ten weeks, 
respectively), with a weight change 
range of -0.47 to -1.0 kg for aspartame 
and +0.52 to +1.6 kg for sucrose.40-42 
Another study reviewed by De la Hunty 
et al. included a large cohort of obese 
women who were followed throughout 
a weight loss program and maintenance 

period. Both groups (aspartame and nu-
tritive sweetener) lost 10±6.3 kg during 
the active weight loss program; however, 
after two years the aspartame group 
maintained a 5.1 kg weight loss while the 
nutritive sweetener group did not main-
tain any weight loss.43 In other words, 
the weight regained for the aspartame 
group was significantly less than the nu-
tritive sweetener group (+5.4 kg vs. + 9.4 
kg, respectively).43 These studies provide 
support for the recommendation that 
replacing nutritive sweeteners with NNS 
may be a useful strategy to reduce en-
ergy intake and promote weight loss. 

Despite results that support the weight 
loss capabilities of NNS, increases in 
weight and/or waist circumference with 
NNS consumption were observed in 
long-term prospective studies. In the 
San Antonio Heart Study, a significant 
relationship existed between NNS bever-
age consumption, risk for overweight 
and obesity, and increased body mass 
index (BMI) (47% higher for NNS consum-
ers).44 A dose-response relationship was 
also observed in the San Antonio Lon-
gitudinal Study of Aging between NNS 
consumers and waist circumference with 
increases in abdominal obesity ranging 
from 0.80 inches for NNS non-consumers 
to 3.16 inches for NNS consumers.45 

This current literature review demon-
strates the challenges in reaching conclu-
sions about NNS and weight. There are 
many short-term randomized controlled 
trials that observe associations between 
NNS intake and weight loss while there 
are many long-term observational stud-
ies that observe associations between 
NNS intake and weight gain.1 These dif-
ferences in weight-related outcomes and 
the limitations of studies investigating 

the effects of NNS consumption indicate 
a need for more interventional trials to 
determine causation, and for more ob-
servational studies to understand long-
term changes.1 Additionally, it is crucial 
to understand the proposed underlying 
mechanisms for weight gain, specifically 
pertaining to NNS-driven physiological 
and intestinal changes.

Cardiovascular Disease

Another potential health outcome of 
NNS consumption is cardiovascular dis-
ease (CVD). As previously mentioned, 
a dose-response relationship was ob-
served among NNS consumers, with 
increases in abdominal obesity for daily 
NNS consumers.45 This relationship re-
veals a potential pathway through which 
daily NNS intake leads to accrual of car-
diometabolic risk factors,45 as abdominal 
obesity is associated with high glucose 
concentration, dyslipidemia, high C-
reactive protein, loss of physical func-
tion with metabolic syndrome, coronary 
heart disease, and cardiovascular events. 
Most of these factors are determinants 
for metabolic syndrome, a condition 
that multiplies risk for CVD.46 Metabolic 
syndrome and NNS have been associated 
in other observational studies.47-50 These 
findings are consistent with longitudinal 
studies associating the risk for vascular 
events with NNS consumption.51,52 Par-
ticipants consuming ≥1 serving of NNS 
beverage per day in the Nurses’ Health 
Study had a relative risk of 1.16 for a 
stroke.52 It is important to note that in 
most of these studies, individuals were 
free of baseline metabolic syndrome and 
other CVD risk factors, which accounts 
for some potential confounds. However 
as with most self-reported observational 
data, conclusive statements are limited 
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by the potential for reverse causality, 
residual confounding, and misreporting. 
Nonetheless, the clinical implications of 
these observational studies remain per-
tinent to those individuals who already 
have or are at high risk for cardiovascular 
disease, as consumption of NNS may be 
considered as a healthy alternative to re-
duce health risk factors. 

Diabetes

NNS consumption has also been shown 
to have both positive and no-effect as-
sociations with diabetes risk. Observa-
tional studies reveal positive associations 
between NNS beverage consumption 
and incidence of type 2 diabetes (high 
fasting glucose [>126mg/dL]).50,53,54 Most 
of these associations, although weak, 
remain strong after multivariate adjust-
ments for confounders like demographic 
and lifestyle factors and baseline BMI 
and health status.50,54 However, the as-
sociations in the Health Professionals 
Follow-Up Study did not remain signifi-
cant after multivariate adjustments for 
confounders, indicating the association 
between NNS consumption and diabetes 
was mostly explained by pre-existing 
health, weight, and dieting statuses.53 
A study utilizing NHANES data found 
an association between NNS beverage 
consumption and poor blood glucose 
control among adults with diabetes.55 
However, these findings are not sup-
ported in the existing literature, and the 
association may be mediated by the in-
creased likelihood of poor blood glucose 
control among diabetics consuming NNS 
beverages.55 This study, as well as the 
Health Professionals Follow-Up Study, 
show how confounding variables, if over-
looked during adjustment and analyses 
of data, can contribute to misunderstood 

associations between health outcomes 
and NNS consumption. Furthermore, 
multiple randomized controlled trials 
across 1-16 weeks reported no significant 
effect of NNS consumption on measures 
of glycemic response (plasma glucose, in-
sulin, hemoglobin A1C), indicating a lack 
of association between NNS intake and 
diabetes.56-59 These findings are in line 
with conclusions from athe Academy, 
which state glycemic response is unaf-
fected by NNS in diabetic individuals.60

Other Concerns:  
Migraines and Pregnancy/Lactation

Reports of associations between in-
take of aspartame and incidence of 
migraines61,62 have been a controversial 
concern as well. Studies suggest that 
aspartame triggers migraines through 
its degradation to formaldehyde and 
formic acid and accumulation of chemi-
cal substances.61 In patients experiencing 
migraines, counseling to avoid aspar-
tame and other formaldehyde-releasing 
products was associated with resolved 
symptoms.61 An expert work group un-
der the Academy has responded to these 
concerns, using the evidence analysis 
process to investigate the relationship 
among aspartame, methanol, and form-
aldehyde.63 Aspartame forms two amino 
acids, phenylalanine and aspartic acid, 
as well as an alcohol, methanol. Com-
monly consumed food items like non-
fat milk and tomato juice provide four 
to thirteen times more phenylalanine, 
aspartic acid, and/or methanol than an 
aspartame-containing beverage.63 After 
degradation of methanol, formaldehyde 
is formed and immediately utilized by 
the body; if the body does not need it, 
formaldehyde is converted to formic 
acid which is excreted or degraded into 

carbon dioxide and water.63 Consumers 
should be informed that formaldehyde 
is produced by the human body daily in 
amounts thousands of times higher than 
any aspartame-containing beverage, and 
this substance is actually needed as a 
metabolite in many bodily processes.63 

The Academy also responded to con-
cerns regarding the safety of aspartame 
consumption in pregnant or lactating 
women. Studies have overlooked the fact 
that aspartame does not enter the blood-
stream as aspartame, meaning direct 
contact with the fetus and/or breast milk 
is not plausible.63 This suggests investiga-
tional studies of aspartame administered 
intravenously or subcutaneously or in-
vivo have no safety implications during 
pregnancy or lactation based on typical 
amounts consumed by this population.63  
Therefore, the evidence that aspartame 
triggers a physiological response leading 
to migraines or is a safety concern for 
pregnant or lactating women is weak. 

CONCLUSION 

NNS intake has been suggested to 
facilitate reductions in energy intake, 
weight, and cardiometabolic risk. 
However, potential health outcomes, 
including cancer, weight loss, weight 
gain, cardiovascular disease, diabetes, 
and migraines have been reported 
in both observational studies and 
randomized controlled trials. This 
uncertainty makes it increasingly 
important to address the limitations 
of preexisting NNS literature. The 
challenges in measuring NNS intake 
stem from diverse metabolic pathways 
between animals and humans, small 
sample sizes and short study durations 
of randomized controlled trials, multiple 
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confounders in observational studies, 
and subjective dietary methodology. 
To fully understand the relationship 
between NNS and various disease states, 
future research studies need to consider 
these limitations to understand the 
impact NNS has on human health.  
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Daily Intake 
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cans=ADIb
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mg/kg 
Not present 

in sodas
Not present in 

packet form

a Table modified from FDA’s Additional Information about High-Intensity 
Sweeteners Permitted for use in Food in the U.S.12 and additional information from 
Gardner et al.1 and Fitch et al.3

b Number of 12 fluid ounce soda cans that equal ADI (Acceptable Daily Intake) for a 
150 lb (68 kg) person

c Number of sweetener packets that equal ADI for a 150 lb (68 kg) person
d JEFCA – Joint Expert Committee on Food Additives (determined ADI for Stevia)
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such as evidence of ingredient’s safety at levels well above the amount needed to 
achieve the desired effect in food
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