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The use of artificial sweeteners: does it really  
contribute to weight loss?

Adoçantes artificiais: uma alternativa para o controle da obesidade? 

Alexandre Fligelman Kanas1, Arielle Anzai1, Bruna Paccola Blanco1,  
Soo Jin Lim1, Edna Regina Nakandakare2

ABSTRACT: The changes in lifestyle associated to sedentarism 
and bad food habits have contributed to the growth of obesity 
around the world. Therefore, the use of non-nutritive sweeteners 
has increased due to the rise of concerns about obesity. However, 
although some studies have shown the benefits of artificial 
sweeteners in weight control, others have indicated the opposite 
effects. According to several large scale studies as the San Antonio 
Heart Study and the National Health and Nutrition Examination 
Survey (NHANES), there is a positive association between 
artificial sweetener consumption and weight and/or BMI gain. 
Possible involved mechanisms by which NNS can aid in weight 
management must be considered, although in most of studies 
some data are inconsistent. One of the hypotheses is that a lack of 
activation in cephalic phase stimulation may increase the risk of 
obesity, while another is that activation through eating in general 
or exposure to sweet items could stimulate appetite and intake. 
There is also a view which relates NNS in insulin secretion and 
glucose metabolism. In relation to nutritive and osmotic effects, 
NNS may promote weaker satiety compared to NS, as the nature 
of the sweetener is also a factor. NNS can cause failure to release 
of gut peptides resulting in lower satiety and increased energy 
consumption. About palatability, NNS are often added to foods 
or beverages to improve the acceptability of low energy or energy 
reduced foods or diets, increasing their intake over more energy 
dense versions. Some studies assume that palatability promotes 
hunger and/or reduces satiety and stimulate intake.

KEYWORDS: Dietetic sweeteners; Weight loss; Obesity; 
Quality of life.

RESUMO: AAs mudanças no estilo de vida relacionadas ao 
sedentarismo e aos maus hábitos alimentares têm contribuído para o 
aumento da obesidade em todo o mundo. Dentre as consequências 
decorrentes das preocupações geradas por esse fenômeno, destaca-
se o crescimento do consumo de adoçantes não nutritivos (NNS). 
Embora algumas análises tenham demonstrado benefícios dos 
adoçantes artificiais no manejo do peso outras indicaram efeitos 
opostos. De acordo com vários estudos de larga escala como o de 
*San Antonio Heart Study and the National Health and Nutrition 
Examination Survey* (NHANES) há uma associação direta entre 
a ingesta desses adoçantes e o ganho de peso e/ou IMC.Possíveis 
mecanismos envolvidos na influência dos NNS no controle 
ponderal devem ser considerados, embora existam alguns dados 
inconsistentes na maioria das pesquisas. Uma das hipóteses aponta 
para a falta de estimulação da fase cefálica da digestão como um 
fator de risco para a obesidade. Uma outra indica que a exposição 
a produtos doces poderia estimular o apetite. Existe também um 
questionamento relacionando os NNS à secreção de insulina e ao 
metabolismo da glicose. Quanto aos efeitos nutritivos e osmóticos, 
tais adoçantes poderiam oferecer menos saciedade quando 
comparados com os açúcares (NS). Uma das explicações para 
isso associa a menor liberação de peptídeos intestinais pelos NNS 
gerando assim menos saciedade e aumento do consumo energético. 
Sobre a palatabilidade, os NNS são frequentemente adicionados 
a comidas e bebidas, principalmente as de baixo teor calórico. 
Com isso, eles melhoram a aceitabilidade e podem concorrer com 
versões mais ricas em energia. Essa palatabilidade aumentada, 
por sua vez, de acordo com alguns estudos, incrementa a fome e 
estimula a ingesta alimentar.

DESCRITORES: Adoçantes dietéticos; Perda de peso; Obesi-
dade; Qualidade de vida.
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INTRODUCTION 

Due to the intense technological development over 
the last decades, there have been lots of changes in our way 
of life. One of the most important changes has happened 
in the food habits. Nowadays, our diet is characterized by 
foods eaten and/or prepared outside the home. These kinds 
of foods are mostly high-calorie and poor in nutritional 
aspects since they are constituted mainly by carbohydrates 
and fats. (J.POTI) In other words, the fast-food and sweet 
beverage consumption has increased which, combined 
with a sedentary lifestyle, and contributed to the obesity 
epidemic, especially in children and teenagers. 

Between 1988 and 1995, 10 to 20% of men and 10 
to 25% of women showed BMI (body mass index) ≥ 30kg/
m2 in Europe and in USA, 55% of population had BMI ≥ 
25kg/m2.According to the information based in the National 
Health and Nutrition Examination Survey (NHANES) 
2009-2010, for adults over than 20 years, there was an 
increase in obesity between 1980 and 2010 in United States 

from 23% in NHANES III (1988-1994) to approximately 
36% in 2009-20101.

Some studies try to explain the association between 
sugar-sweetened beverage consumption and obesity by 
supporting the idea that unlike carbohydrates with high fiber 
content, caloric beverages are nutrient-poor and often lead 
to consumption of salty foods and fast foods. Also, some 
people say that sugar sweetened beverages produce a weak 
satiety which leads to compensatory dietary responses, 
although there are not any convincing evidence that supports 
this hypothesis2.

The obesity is related to many metabolic and 
cardiovascular complications such as type 2 diabetes, 
hypertension, and coronary heart disease is a major 
concern2.

Therefore, in order to reduce the caloric intake and, 
consequently, the weight, a good percentage of people 
substitute the caloric sweeteners for the low calorie ones. 
The reason is that they provide sweet taste without the 
extra energy derived from foods and drinks containing 
caloric sugars.

History of artificial sweeteners

Figure 1. Middle line: changes in the 
percentage of the population who are obese 
(BMI >30) from 1961 to 2006. Source: 
National Health and Nutrition Examination 
Survey (3). Bottom line: changes in the 
percentage of the population who are 
regular artificial sweetener users from 
1965 to 2004. Source: National Household 
Survey (4).Top line: changes in the number 
of new artificial sweetener containing 
food products introduced to the American 
market from 1999 to 2004. Source: Mintel 
Market Analysis (5). Bars below the time 
axis indicates the type and availability of 
artificial sweeteners in the United States 
over time. Source: Kroger et al.6

Fonte: Yale J Biol Med. 201;83.
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The literature reports that most of the artificial 
sweeteners was discovered by accident, in which scientists 
tasted some unknown chemical substances7. As these 
discoveries were reported new trends related to artificial 
sweetener use and obesity emerged in the United States 
(Figure 1). The oldest artificial sweetener, Saccharin, was 
discovered by Constantine Fahlberg at Johns Hopkins in 
18798. Lots of diabetics used it to protect themselves against 
the diabetic manifestation9. Also, Saccharin benefited the 
humanity during a sugar shortage in the period of World 
War II and served as a sugar substitute for women worried 
with their body shape2.

Cyclamate was discovered in 1937 by Michael 
Sveda at the University of Illinois10. It was often combined 
with saccharin to improve the taste. 

In 1958, Food Additives Amendment to the 
Federal Food, Drug, and Cosmetics Act declared that both 
compounds were “generally recognized as safe”. However, 
in 1969, the Food and Drug Administration (FDA†) banned 
cyclamate due to its carcinogenic potentials. Concerns 
about saccharin’s safety also intensified, which contributed 
to the FDA announce its intention to ban saccharin in 1977. 
But, avid consumer protests led to a moratorium from 
Congress on the final ban decision and a warning label 
started to be required on all saccharin products. 

Later, other studies showed that there was no 
association between cyclamate and cancer6. Bladder cancer 
which had often been related to saccharin ingestion was 
also found to be specific to rodent physiology6. Therefore, 
cyclamate continues to be marketed in about 50 countries 
and the saccharin warning label was removed in 2000. 
However, the regular use of artificial sweeteners was rare 
until the next generation of compounds arrived4. 

In 1965, James Schlatter at Searle discovered 
aspartame11 while he was trying to create new ulcer drugs. 
Unlike the other artificial sweeteners that are usually 
excreted unchanged, aspartame can be metabolized. That’s 
why it is not strictly non-caloric (4 Kcal/g) and forbidden 
in people with phenylketonuria6. Since aspartame is about 
200 times sweeter than sucrose, small amount is enough 
to produce a sweet flavour, which makes its caloric 
contribution insignificant.

The FDA approved aspartame first for use in 
dry foods in 1981, then as a general sweetener in 1996. 
Monsanto bought Searle and converted it into NutraSweet 
in 1984. The patent on aspartame expired in 1992. Amid 
competition from generic manufacturers, NutraSweet 
engineered neotame, which was approved in 200212. 
Neotame is the most potent sweetener on the market, at 
7,000 times the sweetness of sucrose.

Acesulfame potassium discovered it in 1967 by Karl 
Clauss resembles saccharin and cyclamate in structure and 
taste13. The FDA approved its use in dry foods in 1988 and 
as a general sweetener in 2003.

The most recent sweetener is sucralose which was 

discovered in 1979 by Shashikant Phadnis, a graduate 
student working for Tate e Lyle7. It was approved in 
1999.

The last decade saw an explosive increase in the 
number of food products containing non-caloric artificial 
sweeteners. More than 6,000 new products were launched 
in the United States between 1999 and 20045. Currently, an 
ingredient search on foodfacts.com yields 3,648 products 
containing one or more of the five FDA approved artificial 
sweeteners. Sucralose is the most popular (1,500 products), 
followed by acesulfame potassium (1,103 products) and 
aspartame (974 products). Nowadays, artificial sweeteners 
are most commonly used, but, also, in a variety of other 
products, from baby food to frozen food With such a 
diverse selection, it is more likely that people will encounter 
artificially sweetened items when making the day-to-day 
choices on food and beverages. The National Household 
Nutritional Survey estimated that as of 2004, 15 percent of 
the population regularly were using artificial sweetener4. 
IRI Consumer Report stated that 65 percent of American 
households bought at least one sucralose-containing 
product in 2008. Therefore, the total number of artificial 
sweetener consumers, either regular or sporadic, is probably 
much greater7.

Justification for the study

Face of the spreading epidemic of overweight and 
obesity worldwide, people resort to artificially sweetened 
foods and beverages containing nonnutritive sweeteners 
(NNS) with the aim of lose weight or, at least, control 
it. Most of studies on the subject have focused on the 
capacity of NNS to cause negative energy balance thought 
maintenance of the appeal and consumption of lower energy 
food by preserving its palatability.

In spite of these researches, there are other large scale 
studies as the San Antonio Heart Study and the National 
Health and Nutrition Examination Survey (NHANES) that 
suggest positive energy balance, in other words, a relation 
between the use of NNS and weight gain.

The association between Non-nutritive sweeteners (NNS) 
and weight control 

The introduction of NNS into the food industry has 
been related to different perspectives present in the modern 
society.

At first, in an economic view, they are not only 
cheaper than NS but also more reliable. As a result, they 
attract huge investments based on the profits that they can 
offer. Moreover, their pleasant flavor, not so easily achieved 
with NS, increases the number of consumers.

In the health field, NNS has been recognized as one of 
the best alternatives for diabetic patients to reduce their intake 
of sugar and to guarantee weight control. Consequently, it 
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increases their quality of life not only for improving energy 
balance but also collaborating to dental health or reducing 
the possible risks for developing psychological disorders 
associated with the ingestion of high levels of calories.

The majority of the researches on NNS related to 
their metabolic influence indicate that instead of having 
intrinsic properties capable to modify the energy balance 
their biggest contribution may be related to a macronutrient 
shift. However, the degree of this influence is not determined 
and could be low in a way that in most cases NNS are used 
as dietary additions rather as substitutes for NS14.

Recently, the major interest in the effects of NNS on 
a diet has been based on the hypothesis that their use may be 
causing weight gain or reduced weight loss in those people 
attempting to lose weight. This concern was first noted in 
1986 based on the results from an American Cancer Society 
(ACS) survey conducted over 1 year in 78,694 women 50-
69 years of age15. After adjustment for initial body weight, 
those who used NNS were significantly more likely to gain 

weight than those who did not use but no conclusion was 
actually defined when taking into consideration the long-
term effects on weight variance.

Despite the limits of the interpretation of the data, 
the hypothesis provided considerable debate during the 
following two decades since 1986. Some observational 
studies as the one which observed the cyclamate 
consumption in Catalonia, Spain (1992)16, noted an inverse 
association between the intake of  cyclamate  and Body 
Mass Index (BMI) .

A large intervention trial aimed to promote weight 
loss through substitution of NNS for sucrose in the diet 
did not observed difference in weight loss between groups 
using and without aspartame17. In this study the participants 
(n=163 adults) in a 3-week run-in, 16-week intervention, 
1-year maintenance, and 2 year follow-up. At the end of 
the intervention, the former group better maintained the 
loss during the subsequent 2 years as it is possible to note 
in the graph bellow (Figure 2).

Fonte: Blackburn et al.17, p.414.

However, findings from the San Antonio Heart Study18 
indicated a direct relation. The trial joined 5158 adults, 3682 
(74%) of whom completed the study between 1979 and 
1988. A dose-response relation was observed between NNS 
beverage consumption and the incidence of overweight or 
obesity among individuals with a baseline BMI < 25 as well 

as those with a baseline BMI < 30 kg/m2, after adjustment 
for baseline BMI, age, ethnicity, sex, years of education, and 
socioeconomic status. Elevated odds ratios were noted for 
individuals consuming 11-21 or ≥ 22 beverages containing 
NNS per week (1.60 and 1.79 in the former group and 1.92 
and 2.08 in the latter group) (Figure 3).

Figure 2. Percentage change in body weight over 175 wk for women participating in a comprehensive weight-control program with 
(aspartame) and without (no-aspartame) aspartame-containing products. i ± SEM for each treatment group at l-wk intervals during 19 
wk of active weight loss and at the end of 36 mo of maintenance and follow-up17
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Figure 3 .  A) ORs for  becoming 
overweight/obese by 7- to 8-year follow-
up, according to artificially sweetened 
beverage consumption quartile at baseline. 
It represents 428 incident cases among 
1,250 with BMI <25kg/m2; B) ORs for 
becoming obese by 7- to 8-year follow-
up, according to artificially sweetened 
beverage consumption quartile at baseline: 
shows ORs for the incidence of BMI 
≥30kg/m2: 390 incident cases Overall 
P = 0.005; trend P < 0.0001. Adjusted 
for gender and ethnicity; baseline age, 
education, socioeconomic index, BMI, 
exercise frequency, and smoking status

The mean BMI gain was 1.47 in the combined 
group of users of NNS and 1.01 in non users. At the end 
of these findings, it is necessary to consider the possibility 
of occurring some bias. The most probable one would be 
related to limiting analyses to use of beverages containing 
NNS while some studies19 consider the effects more 
consistently associated NNS stimulation of appetite and 
intake. 

THE USE OF NNS AND THE ENHANCEMENT 
OF THE APPETITE: POSSIBLE MECHANISMS 
INVOLVED

Metabolic responses induced by the cephalic phase 
stimulation

The cephalic phase stimulation represents a 
physiologic responses to sensory stimulation which is 
suggested by some studies as a fundamental mechanism 
capable to provide an efficient digestion and absorption of 

foods as well as the use of the energy and nutrients20.
There are contradictory researches related to the true 

consequences of the cephalic stimulation. Some of them 
hypothesize that lack of this activation may increase the 
risk of obesity21. Others hypothesize that activation of this 
phase contributes to increasing the food consumption and 
so, may turn out to be a problem for weight control22.

One proposed mechanism for the latter view is 
related to an effect of NNS on insulin secretion and glucose 
metabolism. However, more clear evidence is missing.

Even if sweet exposure provided by NNS does 
increase insulin release, it cannot be assumed that it will 
enhance hunger. Elevated concentrations of insulin in the 
brain decrease feeding in animals but hunger in humans 
doesn’t seem to be related with insulin concentrations during 
euglycemic clamp studies23. These studies also demonstrate 
that hunger does not pursue glucose concentrations.

Moreover, it is necessary to consider that  other 
cephalic phase responses might influence mechanisms 
promoting hunger and not only the insulin release. For 

Fonte: Fowler et al.18, p.1896.
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example, the thermogenic response after the palatable 
stimuli24, is associated with reduced hunger25 but this 
response may not be activated by all sweeteners as, for 
example, aspartame. In this context, the results founds in 
the actual researches does not conclude that NNS stimulate 
hunger via cephalic phase responses.

Nutritive and osmotic effects of the foods in the digestive 
process 

Through the digestive process, it is also necessary 
to consider the influence developed by the stomach and by 
the intestines in the signals of satiety.

 The stomach provides appetitive responses based 
on the volumetric distension as it was demonstrated by the 
mechanical inflation of a balloon and its influences in the 
hunger26 while the intestines are more likely to response 
based on the nutritive properties of the food27.10Some 
researches28,29 have already demonstrated that gastric stretch 
and intestinal nutrient signals have synergistic effects on 
satiety. However, these characteristics are not the only 
ones to be analyzed in a way that other influences made 
by intestinal osmoreceptors and gastric chemoreceptors30 
may occur.

Considering the influence of NNS in these 
mechanisms, some studies have been made with different 

types of beverages divided in two groups: those containing 
NS and others containing NNS. The conclusions, despite 
being uncertain, associate NNS with weaken satiety 
properties.  

This evidence may be related to the following 
observed properties: beverage containing NS have a higher 
energy content and osmotic load31. The more energetic 
content a beverages has, the more slowly it will empty from 
the stomach30 independently of the osmotic effects32. And 
the opposite of this evidence is also true33 or else, the higher 
the osmotic load the slowest is the empty independently 
the energetic content. 

Regarding the osmotic effects on gastric emptying, 
a research33 has already showed that they are transient, or 
else, after 30 min of ingestion of beverages with significant 
differences in osmotic properties, emptying rates gets very 
similar as the greater gastric volume generated by the high 
osmotic load promotes increased emptying. 

On the other side, regarding the nutritive influence, 
there are no clear evidences of its direct effects. A 
hypothesis has been showed26 that not only the nutritive 
load but also the nature of the sweetener may influence the 
digestive process and satiety. As it is possible to observe in 
Figure 4, sucrose empties from the stomach more quickly 
than an isoenergetic load of maltose, but the former results 
in greater fullness.

Fonte: Lavin et al.26, p.82.

Figure 4. Gastric emptying profile of orally administered sucrose and maltose solutions and unsweetened water control. Indicates that 
the emptying rates of both isoenergetic sucrose and maltose are significantly slower than that of water from t ¼ 30 min (P < 0.05) and 
the emptying rate of maltose is significantly slower than sucrose for the majority of time points from t ¼ 40 to t ¼ 160 min
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About the gut there are no clear evidence of its 
influence in the appetitive signals and furthermore its 
contribution may be hidden by cognitive, sensory and 
metabolic mechanisms34.The complexity of this regulation 
has been shown in a study35 where long-term gastrectomized 
individuals differ little from healthy control ones in appetitive 
sensations and food intake.

In this way, we can observe that, changes in the 
osmotic and nutrient properties of foods with NNS are not 
directly supposed to enhance hunger or diminish satiety 
and others influences not so clearly established must be 
considered.

Activation of gut peptide response and its influence in 
the satiety

Studies36,37 have shown that a potent incretin and 
satiety factor is the glucagon-like peptide-1 (GLP-1). It 
is already known that dietary carbohydrate influences in 
different levels the release of this gut peptide. While the 
carbohydrates may guarantee an adequate stimulus for 
secretion of glucagon-like peptide-1 (GLP-1)38 a failure of 
NNS to stimulate  the release of such peptide, as observed 
in the Figure 539, related to the aspartame effects, could 
explain the lower satiety and increased energy intake these 
substances may provoke.

Influences of flavor properties in the total amount of 
food intake 

One of the biggest reasons to add NNS in foods is to 
guarantee a favorable taste and they are added to stimulate 
the intake of low-energy food or to items with health benefits 
as the high-fiber or nutritive foods. 

In any case, the possibility that palatability stimulates 
hunger or reduces satiation and so facilitates intake40 may be 
related to the association of NNS with gain weight. However, 
support for this view is very restricted.

One study noted that hunger increased in anticipation 
of eating a preferred food40, but most trials have monitored 
appetite within an eating occasion. Greater palatability 
has been associated with augmented40 unchanged41, or 
diminished42 hunger after adjustment for intake. Studies 
monitoring appetitive effects beyond the meal have also 
different results (Figure 6). 

Moreover, it is also necessary to consider that the 
relation may not be static in a way that with frequent exposures 
to a food, it changes43 and possibly, the acceptability of less 
palatable foods gets higher with familiarity as we can observe 
in Figure 7 presented in the later cited trial. In this context, 
we could not find any conclusive evidence that palatability 
influences appetitive.

Fonte: Hall et al.39

Figure 5. Physiological mechanisms mediating aspartame-induced satiety. Plasma GLP-1 concentrations following consumption of 
aspartamemor its constituent amino acids compared to the control (mean ± S.E.M., n = 6). GLP-1 secretion was significantly suppressed 
following the liquid meal after prior ingestion of aspartame and the constituent amino acids
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Figure 6. Mean (SE) ratings of desire to eat at times before, during and after consumption of preferred food ( ) and less preferred food (0). Mean 
(SE) ratings of prospective consumption at times before, during and after consumption of preferred food ( ) and less preferred food (0). 
Statistical significance of comparisons between the two meals is * p< 0·05, ** p< 0·01

Fonte: Hill et al.40, p. 365.

Figure 7. Mean ratings ``satiety (fullness)’’ from 1 (weak) to 25 (strong) after bread perceived as low, medium  high, 
; in pleasantness from day 1 to day 5 (N.35). The ratings are shown from just before the lunch (0 min), right after the lunch (45 min) 
until 90 min after the lunch (135 min)
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MECHANISMS BY WHICH NNS MAY ENHANCE 
ENERGY INTAKE OR BALANCE

While there is no doubt that the exchange of NNS 
for NS on a diet makes you increase the percentage of 
calories derived from fat consumption, theories say that 
perhaps this exchange also stimulates an absolute increase 
in the fat consumption and a possible increase in total 
energy consumption, or weight gain.

However, clinical trials have not confirmed the 
impact of this substitution on weight gain, and they only 
present bordering evidence on increasing the consumption 
of fats. Thus, several studies44,45 showed that this 
substitution would not lead to full compensation of the 
energy from sugars with calories from fat, and although 
some studies show that there is an increase in absolute 
consumption of fats44,45, others point to a lack of significant 
changes in lipid intake46.

However, some studies47 have shown that the 
hypothesis that use of NNS could replace the use of NS 
(prerequisite for reaching such conclusions) is not true, and 
the use of NNS do not reduce the use of NS.

Regarding the molecular level, there are receptors 
in the intestine, similar to oral receptors for sweet tastes 
(TR1s), which, when activated by NS or NNS, enhance 
insertion of GLUT2 in the enterocyte cell, leading to a 
rapid increase in the transport of glucose48. Hence, starting 
from the assumption that the high activity of GLUT2 is 
associated with obesity49, substitution of NS for NNS would 
not be really beneficial to health.

I N F O R M E D  U S E  L E A D S  T O 
OVERCOMPENSATION

In Brazil and many other countries it is compulsory 
to present nutrition information in most food products. 
However, depending on how this information is interpreted 
by consumers, it may be even harmful, leading to an 
increase in energy consumption.

Thus, some individuals may overestimate the 
caloric loss that a product that makes use of NNS can 
bring, so they could exaggeratedly relax other actions that 
help in weight control. Examples: reduction in concern 
with physical activities; excessive consumption of these 
products, although they may have a relatively reduced 
unitary calorie content, ultimately contributing to a greater 
absolute energy intake; consumption of other caloric foods 
in excess, because the NNS creates a feeling of “clear 
conscience.” Moreover, beliefs about the energy content 
of certain foods can have psychological effects on hunger 
stronger than the actual caloric value of these foods50.

There is not an established concept of what we can 
expect from products that use NNS, regarding the daily 
energy consumption. In one study51, the consumption of 
cereals containing aspartame led to a higher daily caloric 

intake (notorious, although not statistically significant) than 
in subjects consuming a cereal (of equivalent energy value) 
which contained sucrose. However, several other studies52 
did not show similar results.

Hence, the harm that the use of NNS can bring is 
more related to an inappropriate use of it, than from the 
inherent characteristics of the product.

LOSS OF SIGNAL FIDELITY

Despite being inherent to humans to consider the 
sweet taste pleasant (53), much of the flavor that we feel 
in foods is related to a mechanism of associative learning. 
In other words, part of the sensory signaling that arrives at 
our brains when putting a food in the mouth is connected 
to previous experiences we had with that food. Thus, this 
information can be used to estimate instinctively what kind 
of food we should look for and in what quantity, and which 
mechanisms of digestion can be pre-activated in order to 
maintain a stable energy balance54.

Nevertheless, a chronic ingestion of a food with 
taste similar to certain products, but with reduced calorie 
amounts, would lead to a remodeling of noncognitive 
information on this product so that, gradually, progressively 
larger amounts could be ingested, until it reaches the initial 
energy intake of the individual. Thus, when, in sequence, 
that individual is again submitted to the ingestion of the 
original high-calorie product, he will consume high amounts 
of it, leading to excessive energy balance. These findings 
were verified in rat55,56 and human57 studies, although the 
latter is not restricted to the use of NNS.

So, to obtain more precise data and adequate 
knowledge on the association between taste and energy 
balance, more studies that focus on the use of NNS and 
monitor the implications of its chronic use in hunger are 
needed.

ACTIVATION OF REWARD SYSTEMS

The concept of reward in the diet is very difficult 
to define58. It is complex for its multifaceted presentation, 
including characteristics such as taste, desire and learning59. 
However, it is almost certain its role in the modulation of 
appetite, one of the major pillars of food intake60,61. Within 
this sphere, it is known that the sweet taste is a stimulus 
for neural dopamine62 and opioids63 release, which are 
mediators of reward system and can stimulate food intake. 
There is also some association between a lack of activation 
of these reward systems and greater food intake64.

Furthermore, studies show that high palatability 
can initiate a process of feeding in the absence of energy 
needs and even improve the absorption of energy supply65,66 
Therefore, the addition of NNS on a supply was related to 
an increased consumption67. In addition to that, by being 
associated with the learning process, when there is repeated 
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exposure, less palatable foods gain more acceptances68, 
while highly pleasurable food loses palatability with 
frequent exposure.

Individuals with high efficient systems of reward 
can eat induced by palatability, what explains a direct 
relation between pleasure to eat and food consumption 

or BMI69. However, there are other studies that indicate 
there is no significant difference between lean and obese 
individuals26,70, and others that state that skinny guys have 
even a great pleasure for food71, indicating that obese 
people could have an uncontrollable “desire” to eat rather 
than more pleasure.

REFERÊNCIAS

1.	 Fryar CD, Carroll MD, Ogden CL. Prevalence of overweight, 
obesity, and extreme obesity among adults: United States, 
trends 1960-1962 through 2009-2010. Available from: 
http://www.cdc.gov/nchs/data/hestat/obesity_adult_09_10/
obesity_adult_09_10.htm.

2.	 de la Peña C. Artificial sweetener as a historical window to 
culturally situated health. Ann NY Acad Sci. 2010;1190:159-
65. doi: 10.1111/j.1749-6632.2009.05253.x

3.	 National Center for Health Statistics. Prevalence of 
overweight, obesity and extreme obesity among adults: 
United States, trends 1960-62 through 2005-2006. Available 
from: http://www.cdc.gov/nchs/data/hestat/overweight/
overweight_adult.htm

4.	 Mattes RD, Popkin BM. Nonnutritive sweetener consumption 
in humans: effects on appetite and food intake and their 
putative mechanisms. Am J Clin Nutr. 2009;89:1-14. doi: 
10.3945/ajcn.2008.26792

5.	 Mintel Oxygen. Ingredient Trends - US – December 2004 
- Market Research Report.

6.	 Kroger M, Meister K, Kava R. Low-calorie Sweeteners and 
other sugar substitutes: a review of the safety issues. Compr 
Rev Food Science Food Safety. 2006;5:35-47. Available 
from: http://onlinelibrary.wiley.com/doi/10.1111/j.1541-
4337.2006.tb00081.x/pdf

7.	 Pedersen D. Alternative sweeteners. Biotechnology and food 
ingredients. New York: Van Nostrand Reinhold; 1991.

8.	 Kauffman GB, Priebe PM. The discovery of saccharin: a 
centennial retrospect. Ambix. 1978;25:191-207.

9.	 Cohen SM. Saccharin: past, present, and future. J Am Diet 
Assoc. 1986;86:929-31.

10.	 Kaufman L. Michael Sveda, the inventor of cyclamates, dies 
at 87. New York Times.1999 Aug 21. Available from: http://
www.nytimes.com/1999/08/21/business/michael-sveda-the-
inventor-of-cyclamates-dies-at-87.html

11.	 Mazur RH, Goldkamp AH, James PA, Schlatter JM. 
Structure-taste relationships of aspartic acid amides. J Med 
Chem. 1970;13:1217-21. doi: 10.1021/jm00300a046

12.	 Witt J. Discovery and development of neotame.World Rev 
Nutr Diet. 1999;85:52-7.

13.	 Clauss K, Lück E, von Rymon Lipinski GW. Acetosulfam, 
a new sweetener. 1. Synthesis and properties. Z Lebensm 
Unters Forsch. 1976;162:37-40. 

14.	 Saris WH. Sugars, energy metabolism, and body weight 
control. Am J Clin Nutr. 2003;78(4):850S-7S. Available 
from: http://ajcn.nutrition.org/content/78/4/850S.full.
pdf+html

15.	 Stellman SD, Garfinkel L. Artificial sweetener use and one-
year weight change among women. Prev Med. 1986;15:195-
202.

16.	 Serra-Majem L, Ribas L, Inglès C, Fuentes M, Lloveras 
G, Salleras L. Cyclamate consumption in Catalonia, Spain 
(1992): relationship with the body mass index. Food Addit 
Contam. 1996;13:695-703.

17.	 Blackburn GL, Kanders BS, Lavin PT, Keller SD, Whatley 
J. The effect of aspartame as part of a multidisciplinary 
weight-control program on short- and long-term control of 
body weight. Am J Clin Nutr. 1997;65:409-18. Available 
from: http://ajcn.nutrition.org/content/65/2/409.long

18.	 Fowler SP, Williams K, Resendez RG, Hunt KJ, Hazuda 
HP, Stern MP. Fueling the obesity epidemic? Artificially 
sweetened beverage use and long-term weight gain. 
Obesity (Silver Spring) 2008;16:1894-900. doi:10.1038/
oby.2008.28. Available from: http://www.wnho.net/
artificially_sweetened_beverages.pdf

19.	 de la Hunty A, Gibson S, Ashwell M. A review of the 
effectiveness of aspartame in helping with weight control. 
Br Nutr Found Nutr Bull. 2006;31:115-28. Available 
from: http://www.ashwell.uk.com/images/2006%20
Aspartame%20de%20la%20Hunty,%20Gibson%20and%20
Ashwell.pdf

20.	 Zafra MA, Molina F, Puerto A. The neural/cephalic phase 
reflexes in the physiology of nutrition. Neurosci Biobehav 
Rev. 2006;30:1032-44. http://dx.doi.org/10.1016/j.
neubiorev.2006.03.005

21. Storlien LH, Bruce DG. Mind over metabolism: the cephalic 
phase in relation to non-insulin-dependent diabetes 
and obesity. Biol Psychol. 1989;28:3-23. http://dx.doi.
org/10.1016/0301-0511(89)90108-7.

22. Powley TL, Berthoud HR. Diet and cephalic phase insulin 
responses. Am J Clin Nutr. 1985;42:991-1002. Nederkoorn 
C, Smulders FT, Jansen A. Cephalic phase responses, raving 
and food intake in normal subjects. Appetite. 2000;35:45-55. 
http://dx.doi.org/10.1006/appe.2000.0328

23. Chapman IM, Goble EA, Wittert GA, Morley JE, Horowitz 
M. Effect of intravenous glucose and euglycemic insulin 
infusions on short-term appetite and food intake. Am J 



11

Rev Med (São Paulo). 2013 jan.-mar.;92(1):1-12.

Physiol. 1998;274:R596–603. Available from: http://ajpregu.
physiology.org/content/274/3/R596

24.	 Kraegen EW, Chisholm DJ, McNamara ME. Timing of insulin 
delivery with meals. Horm Metab Res. 1981;13:365-7. doi: 
10.1055/s-2007-1019271

25.	 LeBlanc J, Soucy J. Interactions between postprandial 
thermogenesis, sensory stimulation of feeding, and hunger. 
Am J Physiol. 1996;271:R936-40. 

26.	 Lavin JH, French SJ, Read NW. Comparison of oral and 
gastric administration of sucrose and maltose on gastric 
emptying rate and appetite. Int J Obes. 2002;26:80-6. doi: 
10.1038/sj/ijo/0801828

27.	 Phillips RJ, Powley TL. Gastric volume rather than 
nutrient content inhibits food intake. Am J Physiol. 
1996;271:R766-9.

28.	 Powley TL, Phillips RJ. Gastric satiation is volumetric, 
intestinal satiation is nutritive. Physiol Behav. 2004;82:69-
74. http://dx.doi.org/10.1016/j.physbeh.2004.04.037

29.	 Peters HPF, Mela DJ. The role of the gastrintestinal tract in 
satiation, satiety, and food intake: evidence from research 
in humans. In: Harris BS, Mattes RD, editors. Appetite and 
food intake: behavioral and physiological considerations. 
Boca Raton, FL: CRC Press; 2008:187-211.

30.	 Houpt KA. Gastrointestinal factors in hunger and satiety. 
Neurosci Biobehav Rev. 1982;6:145-64. http://dx.doi.
org/10.1016/0149-7634(82)90052-5.

31.	 Feldman M, Barnett C. Relationships between the acidity and 
osmolality of popular beverages and reported postprandial 
heartburn. Gastroenterology. 1995;108:125-31. http://dx.doi.
org/10.1016/0016-5085(95)90016-0.

32.	 Moran TH, Knipp S, Schwartz GJ. Gastric and duodenal 
features of meals mediate controls of liquid gastric 
emptying during fill in rhesus monkeys. Am J Physiol. 
1999;277:R1282-90. Available from: http://ajpregu.
physiology.org/content/277/5/R1282.full-text.pdf+html

33.	 Geliebter A, Westreich S, Gage D. Gastric distention by 
balloon and test-meal intake in obese and lean subjects. Am 
J Clin Nutr. 1988;48:592-4.

34.	 McHugh PR, Moran TH. The stomach: a conception of 
its dynamic role in satiety. Progress in psychobiology and 
physiological psychology. New York: Academic Press; 1985. 
p.197-231.

35.	 Bergh C, Sjostedt S, Hellers G, Zandian M, Sodersten P. 
Meal size, satiety and cholecystokinin in gastrectomized 
humans. Physiol Behav. 2003;78:143-7. http://dx.doi.
org/10.1016/S0031-9384(02)00958-7

36.	 Flint A, Raben A, Astrup A, Holst JJ. Glucagon-like peptide 
1 promotes satiety and suppresses energy intake in humans. 
J Clin Invest. 1998;101:515-20. doi: 10.1172/JCI990. 
Available from: http://www.jci.org/articles/view/990/pdf

37.	 Gutzwiller JP, Goke B, Drewe J, et al. Glucagon-like 
peptide-1: a potent regulator of food intake in humans. Gut. 
1999;44:81-6. doi:10.1136/gut.44.1.81. Available from: 

http://gut.bmj.com/content/44/1/81.long

38.	 Elliott RM, Morgan LM, Tredger JA, Deacon S, Wright J, 
Marks V. Glucagon-like peptide-1 (7-36)amide and glucose-
dependent insulinotropic polypeptide secretion in response 
to nutrient ingestion in man: acute post-prandial and 24-h 
secretion patterns. J Endocrinol. 1993;138:159-66. doi: 
10.1677/joe.0.1380159

39.	 Hall WL, Millward DJ, Rogers PJ, Morgan LM. Physiological 
mechanisms mediating aspartame-induced satiety. Physiol 
Behav. 2003;78:557-62. http://dx.doi.org/10.1016/S0031-
9384(03)00034-9

40.	 Hill AJ, Magson LD, Blundell JE. Hunger and palatability: 
tracking ratings of subjective experience before, during and 
after the consumption of preferred and less preferred food. 
Appetite. 1984;5:361-71.

41.	 Yeomans MR, Symes T. Individual differences in the use of 
pleasantness and palatability ratings. Appetite. 1999;32:383-
94. http://dx.doi.org/10.1006/appe.1999.0224

42.	 Warwick ZS, Hall WG, Pappas TN, Schiffman SS. Taste 
and smell sensations enhance the satiating effect of both a 
high-carbohydrate and a high-fat meal in humans. Physiol 
Behav. 1993;53:553-63. http://dx.doi.org/10.1016/0031-
9384(93)90153-7.

43.	 Zandstra EH, De Graaf C, Mela DJ, Van Staveren WA. 
Short- and long-term effects of changes in pleasantness 
on food intake. Appetite. 2000;34:253-60. http://dx.doi.
org/10.1006/appe.1999.0304

44.	 Popkin BM, Nielsen SJ. The sweetening of the world’s 
diet. Obes Res. 2003;11:1325-32. Available from: http://
onlinelibrary.wiley.com/doi/10.1038/oby.2003.179/pdf

45.	 Saris WH. Sugars, energy metabolism, and body weight 
control. Am J Clin Nutr. 2003;78:850S-7S. Available from: 
http://ajcn.nutrition.org/content/78/4/850S.long

46.	 Vartanian LR, Schwartz MB, Brownell KD. Effects of soft 
drink consumption on nutrition and health: a systematic 
review and meta-analysis. Am J Public Health. 2007;97:667-
75. doi: 10.2105/AJPH.2005.083782

47.	 Drewnowski A, Bellisle F. Liquid calories, sugar, and 
body weight. Am J Clin Nutr. 2007;85:651-61. http://ajcn.
nutrition.org/content/85/3/651.long

48.	 Tordoff MG, Alleva AM. Effect of drinking soda sweetened 
with aspartame or high-fructose corn syrup on food intake 
and body weight. Am J Clin Nutr. 1990;51:963-9. Available 
from: http://ajcn.nutrition.org/content/51/6/963

49.	 Mattes RD, Rothacker D. Beverage viscosity is inversely 
related to postprandial hunger in humans. Physiol 
Behav. 2001;74:551-7. http://dx.doi.org/10.1016/S0031-
9384(01)00597-2

50.	 Vermunt SH, Pasman WJ, Schaafsma G, Kardinaal AF. 
Effects of sugar intake on body weight: a review. Obes Rev. 
2003;4:91-9. doi: 10.1046/j.1467-789X.2003.00102.x

51.	 Vermunt SH, Pasman WJ, Schaafsma G, Kardinaal AF. 
Effects of sugar intake on body weight: a review. Obes Rev. 



12

Kanas AF et al. The use of artificial sweeteners. 

2003;4:91-9.

52.	 WHO/FAO. Expert consultation on diet, nutrition and 
the prevention of chronic diseases. Report of the joint 
WHO/FAO expert consultation. Geneva: World Health 
Organization; 2003. Available from: http://www.fao.org/
docrep/005/ac911e/ac911e00.HTM

53.	 Department of Food and Environmental Hygiene. Risk 
assessment on artificial sweeteners in beverages, risk 
assessment studies report no. 15. Hong Kong: Food and 
Public Health Branch of the Food and Environmental 
Hygiene Department of Hong Kong Government; 2003. 
p.23. Available from: http://www.cfs.gov.hk/english/
programme/programme_rafs/files/report_ra.pdf

54.	 Ba¨r A, Biermann C. Intake of intense sweeteners in 
Germany. Z Ernahrungswiss. 1992;31:25-39. Availalbe 
from: http://link.springer.com/article/10.1007%2FBF0161
2550#page-1

55.	 Leclercq C, Berardi D, Sorbillo MR, Lambe J. Intake of 
saccharin, aspartame, acesulfame K and cyclamate in Italian 
teenagers: present levels and projections. Food Addit Contam. 
1999;16:99-109. Available from: http://web.ebscohost.com/
ehost/pdfviewer/pdfviewer?sid=ad3850a6-dec8-4e04-b1b3-4
ec8d69333ad%40sessionmgr113&vid=2&hid=126

56.	 Chung M, Suh H, Yoo W, et al. Daily intake assessment 
of saccharin, stevioside, D-sorbitol and aspartame from 
various processed foods in Korea. Food Addit Contam. 
2005;22:1087-97. I: 10.1080/02652030500202092

57.	 Leth T, Jensen U, Fagt S, Andersen R. Estimated intake 
of intense sweeteners from non-alcoholic beverages in 
Denmark, 2005. Food Addit Contam. 2008;25:662-8. doi: 
10.1080/02652030701765749

58.	 Popkin BM, Haines PS, Siega-riz AM. Dietary patterns and 
trends in the United States: the UNC-CH approach. Appetite. 
1999;32:8-14. http://dx.doi.org/10.1006/appe.1998.0190

59.	 Heitmann BL, Lissner L, Osler M. Do we eat less fat, or just 
report so? Int J Obes Relat Metab Disord. 2000;24:435-42. 
Available from: http://web.ebscohost.com/ehost/pdfviewer/
pdfviewer?sid=7e791251-8833-40b2-9b33-8767ce5f5b71%
40sessionmgr110&vid=2&hid=126

60.	 Tooze JA, Schoeller DA, Subar AF, Kipnis V, Schatzkin A, 
Troiano RP. Total daily energy expenditure among middle-
aged men and women: the OPEN Study. Am J Clin Nutr. 
2007;86:382-7. Availabe from: http://ajcn.nutrition.org/
content/86/2/382.long

61.	 Kipnis V, Subar AF, Midthune D, et al. Structure of dietary 

measurement error: results of the OPEN biomarker study. Am 
J Epidemiol. 2003;158:14-21 (discussion 22-6). doi: 10.1093/
aje/kwg091

62.	 Rolls BJ. Effects of intense sweeteners on hunger, food intake, 
and body weight: a review. Am J Clin Nutr. 1991;53:872-8. 
Availabe from: http://ajcn.nutrition.org/content/53/4/872.
long

63.	 Benton D. Can artificial sweeteners help control body weight 
and prevent obesity? Nutr Res Rev. 2005;18:63-76. doi: 
10.1079/NRR200494

64.	 Bellisle F, Drewnowski A. Intense sweeteners, energy intake 
and the control of body weight. Eur J Clin Nutr. 2007;61:691-
700. doi:10.1038/sj.ejcn.1602649

65.	 Black RM, Leiter LA, Anderson GH. Consuming aspartame 
with and without taste: differential effects on appetite and food 
intake of young adult males. Physiol Behav. 1993;53:459-66. 
http://dx.doi.org/10.1016/0031-9384(93)90139-7.

66.	 Black RM, Tanaka P, Leiter LA, Anderson GH. Soft 
drinks with aspartame: effect on subjective hunger, food 
selection, and food intake of young adult males. Physiol 
Behav. 1991;49:803-10. http://dx.doi.org/10.1016/0031-
9384(91)90321-E.

67.	 Tordoff MG, Alleva AM. Oral stimulation with aspartame 
increases hunger. Physiol Behav. 1990;47:555-9. http://
dx.doi.org/10.1016/0031-9384(90)90126-O.

68.	 Drewnowski A, Massien C, Louis-Sylvestre J, Fricker 
J, Chapelot D, Apfelbaum M. Comparing the effects 
of aspartame and sucrose on motivational ratings, taste 
preferences, and energy intakes in humans. Am J Clin Nutr. 
1994;59:338-45. Available from: http://ajcn.nutrition.org/
content/59/2/338.long

69.	 Maone TR, Mattes RD, Bernbaum JC, Beauchamp GK. 
A new method for delivering a taste without fluids to 
preterm and term infants. Dev Psychobiol. 1990;23:179-91. 
Available from: http://web.ebscohost.com/ehost/pdfviewer/
pdfviewer?sid=07530cf6-3465-4a37-88fa-e5b1f049b0fc%
40sessionmgr13&vid=2&hid=10

70.	 Rogers PJ, Pleming HC, Blundell JE. Aspartame ingested 
without tasting inhibits hunger and food intake. Physiol Behav. 
1990;47:1239-43. doi:10.1016/0031-9384(90)90377-G

71.	 Rogers PJ, Keedwell P, Blundell JE. Further analysis of 
the short-term inhibition of food intake in humans by 
the dipeptide L-aspartyl-L-phenylalanine methyl ester 
(aspartame). Physiol Behav. 1991;49:739-43. http://dx.doi.
org/10.1016/0031-9384(91)90312-C.


