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Abstract Sweeteners are natural or artificial substances that give food or a product a sweet flavour, and are divide
by their nutritional value to caloric and non-caloric. Although they have been reported as safe, this review analyses
the findings of various studies to obtain recommendations for their use based on their effect on energy consumption,
weight, glucose and blood lipids. In addition to the compensation in energy intake, effects on appetite, hydration,
preference for sweet flavours and cardiovascular function were reviewed. We searched MEDLINE, EMBASE,
LILACS, and WHO ICTRP Search Portal without language restrictions. We included systematic reviews, controlled
trials and observational studies comparing the administration of caloric and non-caloric sweeteners in adults and
children. Two authors used AMSTAR tool, Risk of bias tool of the Cochrane Collaboration or ROBINS-I instrument
for screening the studies according to their methodological quality and were included those have a low risk of bias.
A reduction in blood glucose was more effective when sweetening foods with fructose compared with the use of
sucrose in non-diabetic patients (–4.81 mmol/L; 95% CI –6.34 to –3.29, p<0.05). The reduction in body mass index
was greater with the use of non-caloric sweeteners compared with sucrose in patients regardless of their weight (–0.3
to –0.9 kg/m2, 95% CI –1.5 to 5). Although there is interest in identifying the efficacy of non-caloric sweeteners in
preventing obesity and its complications, there is not sufficient evidence because of significant heterogeneity
between the different studies and the lack of evidence in children. Thus, designing studies that will provide more
evidence in this regard is necessary.
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1. Introduction
Sweeteners are natural or artificial substances that give
food or a product a sweet taste, and are divided by their
nutritional value according to the energy they provide.
The caloric or nutritive sweeteners provide close to 4
calories per gram: sucrose, fructose, glucose/fructose syrup,
lactose, glucose/dextrose, levulose/fructose, dextrose,
maltose, polyalcohols. These sweeteners have been
approved by the Food and Drug Administration (FDA) for
consumption, mainly in children. However, it has been
observed that they increase the risk of obesity and dental
caries.
Non-nutritive or non-caloric sweeteners, such as
sucralose, cyclamates, acesulfame-K, alitame, saccharin,
neotame, aspartame, stevia, luo han guo (mogrosides
in the pulp of the fruit), advantame, thaumatin
and neohesperidin, are chemically processed and are very
sweet, but low in calories. It has been suggested that their
consumption decreases the risk of obesity; however, some
have side effects [1].

Non-nutritive sweeteners can be obtained from natural
sources by extracting different compounds from plant
products. Among these are stevia (steviol glycosides,
steviosides and rebaudioses) and luo han guo. In contrast,
the artificial ones, including acesulfame K, sucralose,
saccharin, cyclamate, neotame, aspartame and advantame,
are synthetically obtained by processing different substances.
In the last thirty years, the food industry has resorted to
the use of sweeteners because they: 1) contribute
sweetness to a product, enhance flavours, and neutralize
astringent and spicy tastes; 2) preserve bacterial growth in
the food; 3) enhance the flavour of cured meats; 4)
develop colour and flavour in baked products; 5) provide
body, palatability and texture to syrups, sweets and ice
creams; and 6) improve the freezing point control and
crystallization in ice creams and sweets. [1,2]

2. Non-nutritive Sweeteners (Non-caloric)
Because of the increase in the demand for these
products owing to their very low caloric intake, the food
industry has investigated new types of sweeteners with
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greater sweetness and lower energy contribution. Among
these are [1,3]:

2.1. Aspartame
A dipeptide formed by aspartic acid and phenylalanine.
Methanol is produced when it is metabolized. It provides
4 kcal/g. Some of its advantages are: 200 times sweeter
than sugar, enhances the taste of food, does not cause
caries and works synergistically with acesulfame K. Its
main disadvantages are: metallic taste, high cost, unstable
at high temperatures, low solubility in water, it degrades
with time and its sweetening capacity reduces in
combination with flavourings.
Aspartame is mainly used in liquid and powdered
drinks, puddings, jellies, cereals, desserts, sauces and
chocolates. It has been found that at high doses, it
produces biochemical changes in plasma amino acids and
secondary formaldehyde production during methanol
conversion. However, clinical trials have reported that it is
safe at 75 mg/kg/d. Other reported effects are headaches,
hypertension, oedema, type IV hypersensitivity, changes
in appetite and depressive states due to changes in the
cerebral enzymatic activity of acetylcholinesterase.
However, these reports have a limited number of patients
and significant methodological deficiencies, and these
effects have not been replicated in new investigations. [4]
Currently, its use is not recommended for phenylketonuric
patients, as they cannot metabolize and degrade phenylalanine
in the liver, due to a genetic lack of the enzyme,
phenylalanine hydroxylase, leading to its accumulation
and generation of ketone bodies that cause neuronal
damage. [4,5]

2.2. Acesulfame K
A derivative of acetoacetic acid in combination with
potassium. Its main use is to intensify the sweetness of
food in combination with other sweeteners. It is absorbed
in the small intestine and is excreted through the kidneys
without being metabolized, hence it does not produce
energy. Some of its advantages are quick perceptible
sweetness, 200 times faster than sugar, it is resistant to
heat and does not cause tooth decay. However, it has an
unpleasant taste in high concentrations.
Acesulfame K is used in beverages, dairy products,
jams, sweets, baked products, chewing gum, canned fruits
and vegetables, fish, ice creams, gelatine, pasta and
mouthwash. Different studies have shown no association
between its consumption and the development of cancer,
metabolic disorders, neurotoxicity, headaches, seizures or
behavioural alterations, as has been suspected in previous
years. [4]

2.3. Saccharin
An o-sulfobenzoic imide substance, which was the first
non-caloric sweetener marketed during the world wars as
a substitute for sugar, as it was rationed throughout
Europe. It is absorbed by the intestine and excreted by the
kidneys without being metabolized. No toxic effects are
known.

Its advantages are that it is stable at high temperatures,
pH variations, cooling and freezing, it is 200 to 700 times
sweeter than sugar and is 100% soluble in water. However,
it leaves a bitter taste. It is used as a substitute in instant
drinks, sweets, juices, dairy products, jellies, jams,
preserves, ciders, fish and canned fruits, sauces, chewing
gum, multivitamins, ice creams, puddings, chocolates,
toothpaste and mouthwash. [4]

2.4. Sucralose
Obtained from the chlorination of sucrose, in which
three hydroxyl groups are replaced by chloride ions. It is
not easily absorbed by the digestive tract, being eliminated
with the faeces and the renal route without being
metabolized or having any osmotic effect. It is 600 times
sweeter than sugar.
Its advantages are its solubility in water, stability at
high temperature and low pH, it functions synergistically
with other sweeteners, it does not cause tooth decay and
does not react with other food components. However, it is
unstable in storage and susceptible to discoloration. It is
used as a tabletop sweetener, in processed fruits,
carbonated drinks, chewing gum, baked goods, jams, dairy
products, frozen desserts, dressings and salads.
Sucralose is considered safe for patients with diabetes,
which was demonstrated in a clinical trial with 128 people
who were administered a dose three times greater than the
estimated daily consumption and no adverse effects on
glycaemic control were reported. [4,6]

2.5. Stevia
A natural sweetener, obtained from cooking and
crushing the leaves of the perennial Stevia rebaudiana
plant, whose leaves contain a mixture of steviol,
steviosides, dulcosides, and rebaudiosides A, B, C and D,
which can constitute 4% to 20% of the weight of the leaf
depending on the variety and growing conditions.
It is not absorbed by the intestine, but is degraded by
the intestinal flora. In experimental studies with animals, a
weak mutagenic effect of steviol and 15-oxo-steviol has
been demonstrated, so only the use of purified extracts has
been allowed to minimize these risks. Its advantages are:
high sweetness level, soluble in water, it is not
fermentable, it resists high temperatures and it functions
synergistically with other combinations of sugars.
However, in large quantities it tastes like liquorice and
menthol, and it is not used to preserve food. It is used in
confectionery, baked goods, beverages, dairy products,
liquor, beer, soft drinks, ice creams and soy sauce. [7]

2.6. Neotame and Advantame
Derived from aspartame, they contain aspartic acid and
phenylalanine, but with greater sweetening power
(neotame is 7,000 to 13,000 times and advantame is
20,000 sweeter than sucrose). They can be consumed by
people with phenylketonuria because the amount of
phenylalanine in advantame is not significant. Both are
stable at high temperatures, and advantame also is used in
the food industry as flavour enhancers. [8,9,10]
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Table 1. Side effects of Non-nutritive Sweeteners [12-17]
Molecule

Side effects

Aspartame
It is not recommended for persons with phenylketonuria.
The quantities of methanol provided by aspartame consumption are fewer than other
common food sources and it could not cause any neurological effect.
Its sweetness can be degraded with changes in pH and heat.
Acesulfame K
None has been reported so far.

Saccharin

Saccharin consumption during pregnancy can cause accumulation of this sweetener in
the fetus because it crosses the placenta; however, it is not associated with
malformations or abortions.
A small study in humans reported higher glucose concentrations and significant changes
in gut microbiota after seven days of consumption.

Sucralose
Some human studies associate sucralose consumption with decreased insulin sensitivity
and stimulation of GLP-1 (glucagon-like peptide 1) release; however, these findings
have not been replicated.
Stevia
The U.S. Food and Drug Administration only recommend the use of high-purity steviol
glycosides; the use of stevia leaf and crude stevia extracts have no GRAS (Generally
Recognized as Safe) classification because it contains a wide variety of other
compounds not studied.
Consumed at higher amounts can produce a bitter taste.
Neotame

None has been reported so far.

Advantame

None has been reported so far.

Luo Han Guo

Consumed at high quantities may have an aftertaste.

2.7. Luo Han Guo

3. Methods

An extract of non-nutritive mogrosides obtained from
the pulp of the plant, Siraitia grosvenorii. It is 100 to 250
times sweeter than sucrose. The acceptable daily intake
has not been determined, yet, and although it has been
very well accepted, like stevia, it is not yet marketed
worldwide [8,11] (Table 1).

We searched MEDLINE, EMBASE, LILACS, and
WHO ICTRP Search Portal. The date of the last search
was January 2018 for all databases without language
restrictions. We included systematic reviews, controlled
trials and observational studies comparing the administration
of caloric and non-caloric sweeteners in adults and
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children. Two authors used AMSTAR tool for systemic
reviews, Risk of bias tool of the Cochrane Collaboration
for controlled trials or ROBINS-I instrument for nonrandomized studies to screening their methodological
quality. We resolved discrepancies through consensus and
only those reports with an overall low risk of bias were
included in this review.

4. Sweeteners and Chronic Degenerative
Diseases
The health situation has changed in the last two decades
because there is an excessive caloric intake of industrialized
foods and a low energy expenditure due to sedentary lifestyle,
which is associated with changes in the consumption
patterns of sweetened beverages, increasing the risk of
obesity, insulin resistance, type 2 diabetes mellitus and
cardiovascular diseases in children and adults.
In the analysis sector of the sweetener market in
Mexico, it has been reported that the annual average of
sugar consumption has decreased by 2.7% from 2002 to
2011, which may be due to variations in the price, supply
and demand of sugar, and changes in the dietary habits of
the population, and because the consumption of high
fructose corn syrup has increased at a rate of 40% on an
annual average, constituting more than a quarter of the
sweetener market in Mexico.
Characterizing the consumption of non-caloric sweeteners
is complicated because several combinations are used in
many products, without their exact content being specified,
which makes it difficult to determine the ingested amount
of each sweetener per day. However, it has been estimated
that the general consumption of these products has grown
by an average of 10.7% annually, representing around
5.5% of the sweetener market. [18]
Because of the continuous increase in the consumption
of non-nutritive sweeteners (up to 15.1%) to promote
weight reduction, the commercial food industry has taken
this opportunity to add such sweeteners to their products,
calling them dietetic foods, earning up to 1 trillion dollars
in 2014. However, their side effects have not been
analysed, thus the present review was carried out to obtain
evidence and generate recommendations about their use in
the general population. [19]

4.1. Sweeteners in the Control of Diabetes
Mellitus
Several researchers have evaluated the consumption of
non-nutritive sweeteners by patients with diabetes,
observing a prevalence of up to 96%, being significantly
higher in men (p = 0.01), with a preference for acesulfame
K in 90% of the population, followed by aspartame in
86%, sucralose in 80%, stevia in 22% and saccharin in
0.7% (20). Because of their high consumption, since 1800
different clinical trials have been conducted to determine
which sweetener is more effective in maintaining normal
glucose and blood lipid concentrations without adverse
effects. Among these we note the following:
In 2011, Wiebe et al., conducted a systematic review
with network meta-analysis to compare the effectiveness

of sweeteners added to food to control blood glucose
concentration 2 h after of food intake. In this study, 53
clinical trials were included, with a total of 1126
overweight, obese and/or diabetic patients over 16 years
of age, who were given diets with different types of
sweeteners (glucose, fructose, sucrose, sugar alcohols,
aspartame, saccharine, sucralose and stevia). At the end of
the study it was concluded that the use of fructose reduced
glucose concentrations compared with diets with sucrose
(–1.12 mmol/L; 95% CI –1.95 to –0.27, p<0.05) and
glucose (–4.8 mmol/L; 95% CI –6.34 to –3.29, p<0.05),
without increasing blood cholesterol levels (Figure 1) [21].

Figure 1. Network Meta-analysis of Six Interventions in Glycemic
Control (mmol/L) in the Blood, 2 h After Ingestion

In 2009, Sievenpiper conducted a systematic review, in
which he analysed 16 clinical trials with 236 patients with
diabetes mellitus type 1 and 2, and compared them using
the same interventions, reporting that there was no
statistically significant difference in the reduction in
concentration of glucose, total cholesterol, low density
lipoprotein (LDL) or high density lipoprotein (HDL) in
the blood, which was attributed to the substantial
heterogeneity in his analysis. [22]
In 2008, Livesey evaluated the effects of a fructosecontaining diet in a study that included 112 clinical trials
with 106 healthy individuals and individuals with some
metabolic alteration (insulin resistance, diabetes mellitus
type 2, hyperlipidaemia), who were given fructosesweetened foods. He compared the results with patients
who received another type of sweetener in their diet
(glucose, sucrose or maltodextrins), observing a reduction
in the concentration of glycosylated haemoglobin and
triacyl-glycerol in the patients that fructose was added to
their diet (–0.02 mmol/L; 95% CI –0.03 to –0.01, p<0.05).
[23]
Regarding the relationship between the consumption of
beverages containing non-caloric sweeteners and the
development of diabetes mellitus, De Koning conducted a
cohort study with a follow-up of 20 years. He reported
observing an increase in the risk of developing the disease.
However, after a multivariate analysis it was concluded
that this relationship was spurious, as it mainly depended
on the basal health conditions of the subjects and the diet
they consumed daily. [24] Given these results, the
American Dietetic Association stated that non-nutritive
sweeteners were safe for consumption because they do not
affect the glycemic response in patients with diabetes
mellitus. [25,26]
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4.2. Sweeteners and Energy Ingestion
We found a review conducted by Gardner (2012), in
which 12 studies were included, which compared the
compensation of energy intake of participants who
consumed foods containing aspartame with subjects who
added sucrose to their food. The author found that 32% of
the original energy deficit was not compensated for during
the 24 h after the intake of foods with aspartame, resulting
in a reduction in calories. [3]
Similar results were observed in:
A clinical trial conducted by Raben in 2002, which
compared the consumption of energy after the intake of
sucrose-containing foods with subjects who ingested food
containing non-nutritive sweeteners. After 10 weeks of
follow-up, there was a significant increase in body weight,
fat mass, blood pressure and caloric intake in the subjects
consuming sucrose-containing food compared with
patients who consumed foods containing non-nutritive
sweeteners. [27]
A study by Suez et al., which included seven
participants who consumed for a week the total admissible
daily intake of saccharin, observed that the glucose
concentration in the participants rose considerably from
day 5 of intervention. [28]
A systematic review by Rogers (2016), who evaluated
the caloric intake after the consumption of unsweetened
beverages, drinks with sugar and beverages with noncaloric sweeteners, noted that the consumption of noncaloric sweeteners only reduced the energy intake when
compared with drinks sweetened with sugar (–94 kcal;
95% CI –122 to –66, p<0.05). [29]
Based on the abovementioned findings, the American
Association of Cardiology examined whether changes in
the polymorphism of the sweet taste receptors, Taste 1 receptor
Member 2 and 3, affect the preference for sweet-tasting
foods, favouring their intake; resulting in increase on
appetite because of their effect on insulin secretion;
increase the thirst sensation due to their palatability and
high osmolarity, thus favouring the intake of beverages;
which consumption increases in energy intake that leads to
a greater risk for obesity. However, no conclusive results
were obtained. (Table 2) [3,30,31,32,33].

4.3. Sweeteners and Body Weight
Several researchers have proposed that the interaction
of these sweeteners with sweet taste receptors located in
pancreatic beta cells and enteroendocrine cells promotes
the secretion of insulin and GLP-1 (a peptide similar to
glucagon type 1), and increase glucose transport at the
intestinal level, upon an increase in the expression of the
transporters, sodium/glucose cotransporter 1 (SGLT1) and
glucose transporter 2 (GLUT2), leading to elevation in the
blood glucose concentration. [26]
However, these theories are contradictory to the evidence
reported previously:
In Miller's systematic review, he documented that the
consumption of non-caloric sweeteners caused a small but
significant decrease in body weight (–0.80 kg; 95% CI –
1.17 to –0.43), body mass index (–0.24 kg/m2; 95% CI –
0.41 to 0.07), fat mass (–1.10 kg; 95% CI –1.77 to –0.44,

317

p<0.05) and waist circumference (–0.83 cm; 95% CI –
1.29 to -0.37). [34]
Rogers identified a significant decrease in body weight
in both adults and children after consuming beverages
with non-nutritive sweeteners compared with drinks
sweetened with sugar (–1.35 kg; 95% CI –2.28 to –0.42,
p<0.05), concluding that these sweeteners could positively
influence energy saving, and therefore favour weight loss
when used as a substitute for sugar consumption and
under a structured food plan to avoid overcompensation of
energy savings. [29]
A Sievenpiper review in 2012 included 41 clinical trials
in which 756 diabetic patients. This study compared fructose
as a dietary supplement with other sources of carbohydrates
in the diet to examine the effect on body weight. He
observed that after 7 days of intervention, there was a
significant weight reduction in patients who consumed
fructose (–0.55 kg; 95% CI –1.09 to –0.02, p<0.05),
concluding that fructose could be effective in reducing
body weight. [35]
In the paediatric population, there is very little evidence
in this regard. However, a study analyzed the body mass
index of 193 families, who had children and adolescents
who usually consumed foods with non-caloric sweeteners
and compared them with families consuming sugarsweetened foods. After 6 months, this study reported that
children in the families who consumed foods with noncaloric sweeteners, decreased their body mass index
significantly. [36]
Similar findings were observed in a clinical trial
performed in 2006, which was conducted on 103 patients
between 13 and 18 years of age who regularly consumed
sugar-sweetened beverages (diet drinks, ice tea, lemonade
and punch). For 25 weeks, their usual consumption of
sugar-sweetened beverages was displaced to noncaloric
beverages. The authors observed a significant reduction in
body mass index (-0.63 ±0.23 kg/m2), offering additional
support for American Academy of Pediatrics guidelines to
limit the consumption of sugar-sweetened beverages. [37]
Table 2. Theories on the Effect of Sweeteners on Appetite (Modified
from 20).
Potential mechanisms
Stimulation of the cephalic
phase

Nourishing and osmotic
effects

Palatability

Overcompensation

Loss of signal fidelity
Activation of reward
systems
Palate training and
reinforcing something
familiar

Description of the phenomenon
It has been observed that non-nutritive
sweeteners affect this phase, thus the
feeling of hunger and appetite
Because of their low energy and
osmotic load, sweeteners may alter the
speed of gastric emptying and
absorption of other factors of
digestion, affecting the feeling of
hunger
Non-caloric sweeteners increase
palatability, which stimulates hunger
and/or reduces satiety
The energy saving due to the
substitution by the use of a sweetener
leads to subsequent compensation
The properties of metabolic signals are
lost and directed towards a signal for
over consuming energy
Non-caloric sweeteners may play a
role in food intake reward
Repeated exposure to non-nutritive
sweeteners perpetuate preference for
sweet foods in the diet
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4.4. Sweeteners and Cardiovascular Function
Regarding the cardiovascular risk of sweeteners, Fung
and Ling conducted cohort studies in 2009 and 2011
in which they included 2500 adults, to analyse the
association between the intake of sweetened beverages
and the presence of coronary heart disease. It was reported
that the consumption of two or more drinks with added
sweeteners increased up to 2% the risk of coronary heart
disease, renal failure and metabolic syndrome in these
patients after consumption for a period of 9 to 12 years.
However, the authors concluded that despite observing
this association, it does not determine a causal relationship,
and therefore more studies are required to characterize this
phenomenon. [38,39]
Similar findings were reported in the Azad metaanalysis, which observed an increased risk of developing
hypertension (HR 1.12, 95% CI 1.08 to 1.13, I2 53%,
p<0.05), cerebral vascular events (RR 1.14, 95% CI 1.04
to 1.26, I2 0%, p<0.05) and different cardiovascular
events (RR 1.32, 95% CI 1.15 to 1.52, I2 0%, p<0.05).
However, they lack evidence and these associations
require more experimental studies. [40]

D) Fructo-oligosaccharides were found to be more
effective than sucrose for the control of total blood
cholesterol levels (0.26 mmol/L; 95% CI 0.03 to 0.48,
p<0.05) both in healthy patients and in patients with
diabetes mellitus type 2.
Despite the interest in identifying the efficacy of noncaloric sweeteners as a potential tool for preventing
obesity and its complications, the evidence has not been
sufficient because of the significant heterogeneity between
the different studies and the lack of evidence in children.
Therefore, we do not have enough information to establish
recommendations on the use of these additives to improve
health. However, clinical trials, controlling multiple
factors such as the consumption of healthy diets, exercise
programs, lifestyle and adherence to dietary programs
should be designed, to correctly identify the effect of
sweeteners on health, and in this way generate new health
care programs, which may reduce the prevalence of
obesity and its associated diseases.
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