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Abstract: Artificial sweeteners have been developed as substitutes for sugar. Sucralose, acesulfame K
(ACE K), aspartame, and saccharin are artificial sweeteners. Previously, artificial sweeteners were
thought to be effective in treating obesity and diabetes. Human meta-analyses have reported that
artificial sweeteners have no effect on body weight or glycemic control. However, recent studies have
shown that artificial sweeteners affect glucose absorption in the intestinal tract as well as insulin
and incretin secretion in humans and animals. Moreover, artificial sweeteners alter the composition
of the microbiota and worsen the glycemic control owing to changes in the gut microbiota. The
early intake of ACE K was also shown to suppress the taste response to sugar. Furthermore, a large
cohort study showed that high artificial sweetener intake was associated with all-cause mortality,
cardiovascular risk, coronary artery disease risk, cerebrovascular risk, and cancer risk. The role
of artificial sweeteners in the treatment of diabetes and obesity should be reconsidered, and the
replacement of sugar with artificial sweeteners in patients will require the long-term tracking of not
only intake but also changes in blood glucose and weight as well as future guidance based on gut
bacteria data. To utilize the beneficial properties of artificial sweeteners in treatment, further studies
are needed.
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1. Introduction

Artificial sweeteners have been developed as sugar substitutes [1]. Many of these
have a much stronger sweetness than simple sugar and sucrose and have few calories [1].
Compared to sucrose, artificial sweeteners are hundreds of times sweeter, so the use of
various artificial sweeteners together can reduce the amount of sugar used. Acesulfame
K (ACE K), aspartame, and sucralose are widely used and are well-known as artificial
sweeteners and are now being studied by many researchers [2]. ACE K and aspartame are
used in soft drinks such as soda and protein drinks [2]. The use of artificial sweeteners is
thought to prevent dental caries and obesity by reducing the use of sugar, and so-called
artificially sweetened beverages are sometimes used in place of sugar-laden soft drinks
for obese patients with diabetes mellitus [3]. Therefore, artificial sweeteners are included
in many “sweets” and are anticipated to be a “sugar” substitute in patients with diabetes
mellitus [3]. However, substituting sugar-sweetened food and beverages with those that
have been artificially sweetened may not be as beneficial as once thought [4]. Recently, it
was reported that artificial sweeteners can affect glucose tolerance through changes in the
microbiota composition [5–8]. Moreover, artificial sweeteners have side effects in terms of
obesity, cardiovascular disease, and mortality [9–12].

In this review, the kinds of artificial sweeteners and the effect of artificial sweeteners
on metabolic effects through sweet taste receptors will be described, and whether artificial
sweeteners may be beneficial for diet therapy against diabetes mellitus will be discussed.
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2. Artificial Sweeteners and Metabolism
2.1. Artificial Sweeteners

Currently, several artificial sweeteners are used as food additives [1]. Aspartame,
ACE K, sucralose, saccharin, neotame, and advantame are used worldwide as artificial
sweeteners. Xylitol, sorbitol, and erythritol belong to another group of sugar alcohols or
plant-derived sweeteners. This review will discuss artificial sweeteners.

Aspartame is composed of methanol and two amino acids (aspartate and trypto-
phan) [1,13,14]. Aspartame is two hundred times sweeter than sucrose [1,13,14]. Aspartame
is included in tabletop sweeteners, chewing gums, instant coffee, puddings, and soft drinks.
Unlike ACE K and saccharin, aspartame has no bitter aftertaste. Aspartame is labile under
heat and breaks down into amino acids. Unlike other artificial sweeteners, aspartame
is metabolized into methanol, aspartic acid, and tryptophane [14]. Therefore, aspartame
produces 4 kcal of energy per gram when metabolized; however, the quantity of aspartame
needed to produce a sweet taste is so small that its caloric contribution is negligible.

Neotame and advantame are aspartame analogs [15,16]. Unlike aspartame, neo-
tame and advantame are non-calorie sweeteners. Neotame (N-[N-(3,3-dimethylbutyl)-l-α
aspartyl]-l-phenylalanine 1-methyl ester) is one of five FDA-approved artificial sweeteners
that are 7000–13,000 times sweeter than sugar. Neotame can be metabolized by esterase into
de-esterified neotame and methanol and eliminated in the urine and feces within 72 h. Ad-
vantame is formally a secondary amine of aspartame and 3-(3-hydroxy-4-methoxyphenyl)
propanal (HMPA). A total of 89% of the ingested advantame is excreted in feces, and 6.2%
is excreted in urine. Interestingly, advantame is also a flavor enhancer for dairy, fruit, citrus,
mint, etc. Advantame is involved in milk products, frozen dairy, nonalcoholic beverages,
and chewing gums.

ACE K is present in tabletop sweeteners, carbonated beverages, frozen desserts,
candies, chewing gum, dairy products, syrups, and sauces [1,13,14]. ACE K is the potassium
salt of 6-methyl-1,2,3-oxathiazine-4(3H)-one 2,2-dioxide. ACE K is a heat-stable sweetener
and it is 200 times sweeter than sucrose. It has a bitter aftertaste at high concentrations and
is blended with sucralose or aspartame. In fact, its combination with other sweeteners has
shown synergistic effects on sweetness. ACE K is not metabolized in vivo and is excreted
through the kidney [1,13,14]. Interestingly, it has been reported that the measurement of
ACE K is also used for aquatic environmental monitoring [17]. ACE K is involved in dairy
products, bakery products, ice cream, tabletop sweeteners, sauces, soups, and processed
fishery products.

Saccharin is the oldest artificial sweetener and is 300 times sweeter than sucrose [1,13,14].
Saccharin is also heat-stable. Saccharin is included in soft drinks, fruit drinks, chewing
gum, baked goods, and canned fruits. Saccharin is also not metabolized after ingestion and
is excreted through the kidneys.

Sucralose (1,6-dichloro-1,6-dideoxy-β-D-fructofuranosyl-4-chloro-4-deoxy-α-D-
galactopyranoside) is the most commonly used artificial sweetener [1,13,14]. Sucralose is
produced by the chlorination of sucrose (trichlorinated derivative of sucrose). Sucralose is
600 times sweeter than sucrose. Sucralose is included in tabletop sweeteners, baked goods,
frozen desserts, fruit juices, chewing gum, and dairy products. Sucralose is water soluble
and stable under heat. Sucralose is not metabolized in the body, so it is non-caloric. The
majority of sucralose is excreted into feces, and 11–27% is absorbed and excreted in urine.

2.2. Artificial Sweeteners and Taste Receptors

Sweet and umami taste receptor signals are transduced by a family of three G protein-
coupled receptors: T1R1, T1R2, and T1R3 [18]. The bitter taste receptor is composed of
T2R31 or T2R43 [19]. T1R2/T1R3 is expressed in the oral cavity, gastrointestinal tract,
pancreas, bladder, adipose tissue, and brain (Figure 1) [18,19].

Table 1 summarizes the characteristics of the artificial sweeteners.
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Table 1. Characteristics of artificial sweeteners.

Sweetness Relative to
Sucrose by Weight

ADI (mg/kg
BW/Day) Calories Metabolism Heat Bitter

Aftertaste

Acesulfame
potassium
(ACE K)

200 15 0 Excreted through the kidney Stable Yes

Aspartame 180–200 50 4

100% absorbed;
Metabolized into

Methanol + Aspartate
+Phenylalanine

Labile No

Neotame 7000–13,000 18 0
Metabolized into

de-esterified neotame
and methanol

Stable No

Advantame 20,000 32.8 0 Excreted in feces Stable

Saccharin 300 5 0
85% absorbed;

Excreted through kidneys
o-sulfamoylbenzoic acid

Stable Yes

Sucralose 600 5 0 15% absorbed;
Excreted into feces Stable No

Figure 1. The sweet taste receptors T1R2/T1R3, artificial sweeteners, and metabolism.

The sweet taste receptor complex T1R2/T1R3 is expressed in the oral cavity and
extraoral tissues, such as the intestine, colon, pancreas, and brain. Artificial sweeteners
activate sweet taste receptors and show several effects, such as insulin and incretin secretion
and intestinal glucose absorption.

2.2.1. Bitter Aftertaste

Some artificial sweeteners, such as saccharin and ACE K, have a bitter aftertaste,
while sucralose and aspartame have no bitter aftertaste. Saccharin and cyclamate are
both agonists for the sweet taste receptors TAS1R2 and TAS1R3, although they bind at
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different sites [19]. Saccharin is also an agonist for the bitter taste receptors TAS2R31
and TAS2R43 [19]. Cyclamate, another artificial sweetener, potently blocks receptors
for saccharin’s bitter aftertaste in a dose-responsive manner. Thus, cyclamate acts as a
competitive antagonist for these two receptors. These data suggest that combining some
artificial sweeteners is beneficial to mask a bitter aftertaste.

2.2.2. Cephalic Phase Insulin Secretion

The initial release of insulin in response to food stimuli acting on receptors in the head
and oropharynx is called the cephalic phase of insulin secretion [20]. These physiological
insulin responses last for 10 min. A study was conducted on fasted healthy human subjects
who washed out their mouths with eight taste solutions (sucrose, saccharin, acetic acid,
sodium chloride, quinine hydrochloride, distilled water, starch, and sodium glutamate)
for 45 s and then spat them out [21]. The taste stimuli were not swallowed, and they
were applied in a randomized order, each on a separate day. Blood collection for the
determination of plasma glucose and plasma insulin concentrations was performed 3 min
before and 3, 5, 7, and 10 min after taste stimulation. A significant increase in plasma insulin
concentration was apparent after stimulation with sucrose and saccharin. Only saccharin
stimulated a cephalic-phase insulin response [21]. In many studies, plasma glucose levels
are not always checked within 15 min. Since blood glucose and insulin are rarely checked
within 15 min after loading, this seems to be an important finding when considering the
effects of artificial sweeteners.

2.2.3. Insulin Secretion

Sweet taste receptors are expressed in islet cells [22,23]. The physiological dose of arti-
ficial sweeteners (50 µM saccharin) did not affect insulin secretion in rat isolated perfused
pancreases [24]. However, a high dose of artificial sweeteners (50 mM saccharin, 50 mM
sucralose, or 50 mM ACE K) augmented insulin secretion through taste receptor signaling
activation [22]. The artificial sweetener saccharin (50 mM) induced the sustained elevation
of [cAMP]i but did not increase [Ca2+]i. In contrast, sucralose (50 mM) and ACE K (50 mM)
induced rapid and sustained increases in both [Ca2+]i and [cAMP]i [23]. The potency of
insulin secretion in MIN6 cells was ACE K > saccharin = sucralose. Moreover, the genetic
ablation of T1R2 suppressed the glucose-stimulated insulin secretion by fructose. These
results suggest that sweet taste receptors are functional in pancreatic beta cells. Moreover,
these results also suggest that the artificial sweetener-induced metabolic phenotypes may
be dependent on the amounts of artificial sweeteners, which are consistent with human
data establishing that artificial sweeteners do not affect insulin levels due to the much
lower intake compared to sugar.

2.2.4. Intestinal Glucose Absorption and Incretin Secretion

The sweet taste receptors T1R2 and T1R3 are also expressed in the intestine and colon.
However, the in vivo effects of glucose metabolism and incretin secretion were inconsistent.
Some reported that dietary sugar and artificial sweeteners (2 mM sucralose) increased
SGLT1 mRNA and protein expression as well as glucose absorptive capacity in wild-type
mice but not in knockout mice lacking T1R3 or alpha-gustducin [25].

GLP-1 and GLP-2 are secreted in a 1:1 ratio by enteroendocrine L cells, most of which
are located in the distal ileum and colon [26]. GLP-1 analogs have been developed to
treat type 2 diabetes mellitus. In contrast, GLP-2 analogs have been developed to treat
gastrointestinal (GI)-related disorders, such as short bowel syndrome (SBS), inflammatory
bowel disease (IBD), and chemotherapeutically induced GI mucositis, largely due to the
intestinotrophic effects of GLP-2 in the GI tract [26]. In rats, artificial sweeteners (ACE
K = sucralose > saccharin) increase glucose absorption in parallel with their ability to in-
crease intracellular calcium concentrations [27]. The intraduodenal infusion of sucralose
(0.5 g/kg BW) stimulates GLP-2 secretion in humans. Similarly, sucralose (4%) and, to a
lesser extent, saccharin stimulated GLP-2 secretion in rats. In contrast, the intraduodenal
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infusion of sucralose did not increase intestinal glucose absorption or GLP-1 secretion in
healthy subjects [28]. Another study reported that the oral injection of sucralose (1 g/kg
BW) and ACE K (1 g/kg BW) did not increase GLP-1 secretion [29].

In recent years, there have been many important reports on the relationship between
intestinal microbiota and artificial sweeteners [6]. In rats and mice, aspartame, saccharin,
and sucralose were reported to affect the composition of the microbiota.

Some studies have reported that a daily repeated consumption of pure aspartame or
sucralose in doses reflective of a typical high consumption (a standardized dose of 14%
(0.425 g) of the acceptable daily intake (ADI) for aspartame and 20% (0.136 g) of the ADI for
sucralose) for two weeks did not affect the gut microbiota composition or SCFA production
in 14 healthy subjects [30].

Recently, some studies have reported that artificial sweeteners worsen glucose clear-
ance in mice and humans [5,7]. In mice, only one week of saccharin, sucralose, and aspar-
tame administration caused glucose intolerance. Saccharin also promoted high-fat diet-
induced glucose intolerance. An antibiotic treatment ameliorated the saccharin-induced
glucose intolerance in obese mice, which was independent of the mouse strain [5]. Mouse
recipients of the saccharin-associated microbiome became glucose intolerant [5]. These
results suggest that changes in the gut microbiota induced by saccharin decreased the
glucose clearance capacity.

In humans, saccharin (upper limit of the ADI) also promoted glucose intolerance
and gut microbiome alterations in four of seven healthy subjects. The microbiome com-
position of responders and non-responders was different. Thus, the microbiota plays an
important role in the development of saccharin-induced glucose intolerance [5]. Moreover,
the authors tested whether the ingestion of 0.18 g of saccharin, 0.102 g of sucralose, or
0.24 g of aspartame at the lower dose of the ADI for two weeks caused glucose intolerance
in 120 healthy subjects. Saccharin and sucralose-impaired glucose intolerance in healthy
subjects. A significant effect on the microbiome composition was observed in the sucralose
and saccharin groups. These results suggest that preexposure affected the individual mi-
crobiome heterogeneity at baseline, the relationship between the host and the microbiome,
and the sucralose-induced glucose intolerance [7].

Perhaps in the future, the evaluation of the role of artificial sweeteners on intestinal
bacteria and phenotypes will need to include the distribution of intestinal bacteria before
administration, genetic traits (polymorphisms in sugar absorption capacity and taste genes,
DNA methylation, etc.), and the duration of artificial sweetener preexposure [31,32].

2.3. Body Weight Gain and Diabetes

The effects of artificial sweeteners on glucose metabolism have been discussed. How-
ever, there is inconclusive evidence regarding the effects of nonnutritive sweetener (NNS)
consumption compared with either sugar, placebo, or nutritive low-calorie sweetener con-
sumption on the clinically relevant benefit or harm to hemoglobin A1c (HbA1c), body
weight, and adverse events in people with type 1 or type 2 diabetes [33].

ACE K (0.05%)-containing water caused both body weight gain and fat gain compared
to 10% sucrose-sweetened water due to an improved energy efficiency in Sprague Dawley
rats (5–6-week-old males) [34]. These effects were independent of drinking water tempera-
ture. Energy intake and expenditure were not changed. Lean body mass, plasma glucose,
and insulin levels were not changed. Similarly, ACE K (37.5 mg/kg body weight/day)
caused body weight gain with changes in microbiota-derived metabolites in male CD-1
mice [35]. These results support the theory that ACE K induces body weight gain. Un-
fortunately, ACE K (15 mg/kg BW) consumption in 4-week-old rats in the juvenile and
adolescent periods did not affect body weight or total calorie intake in male rats. The
glucose tolerance test and the gut microbiome were unaffected by ACE K; however, chronic
ACE K consumption suppressed sugar taste responsiveness and reduced lingual sweet
taste receptor expression. The hippocampal-dependent memory was also impaired [36].
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In Sprague–Dawley rats (7-week-old males), the ingestion of 0.05% aspartame sig-
nificantly increased body weight and fat mass mainly due to an increase in energy effi-
ciency [37]. Energy intake was not changed. These changes are dependent on the amount
and independent of the form (solid vs. liquid). Additionally, aspartame ingestion was
associated with glucose intolerance and insulin resistance. Sucralose ingestion at 0.016%
had a similar impact to that of aspartame, although to a lesser extent [37].

Saccharin was associated with body weight gain. The administration of 0.3% saccharin
or 0.4% aspartame over 12 weeks promoted a greater weight gain in adult Wistar rats. This
weight gain was unrelated to caloric intake. The long-term intake of saccharin decreases
the post-absorptive energy expenditure at rest and is associated with greater weight gain
relative to sucrose in Wistar rats [38]. Similarly, saccharin induces weight gain without
increasing caloric intake, which is not related to insulin resistance in Wistar rats [39].

Sucralose also enhanced high-fat-diet (HFD)-induced hepatic steatosis [40]. In ad-
dition, treatment with sucralose increased reactive oxygen species (ROS) generation and
induced endoplasmic reticulum (ER) stress in HepG2 cells. Lipogenic effects are cancelled
by pretreatment with taste receptor type 1 membrane 3 (T1R3) inhibitor or T1R3 knock-
down in HepG2 cells. Sucralose may activate T1R3 to generate ROS, promote ER stress and
lipogenesis, and further accelerate the development of hepatic steatosis. However, as most
sucralose is not absorbed in the gut and excreted into the feces, whether sucralose directly
affects hepatic lipid metabolism through T1R3 activation remains unclear.

2.4. Lipid Metabolism

For aspartame, a meta-analysis of randomized clinical trials showed that the total
cholesterol and triglycerides were not affected by aspartame intake compared to the controls
or sucrose. However, the serum levels of high-density lipoprotein cholesterol were higher
with aspartame compared to the controls (−0.03 mmol/L; 95% CI, −0.06 to −0.01) and
lower with aspartame compared to sucrose (0.05 mmol/L; 95% CI, 0.02 to 0.09) [41]. In
addition, the treatment of C57BL/6J mice with ACE K for 40 weeks increased not only
LDL cholesterol but also HDL cholesterol [42]. A high-dose treatment (final 25, 50, and
100 mM) of AS (aspartame, ACE K, and saccharin) on human high-density lipoprotein
(HDL) induced the loss of antioxidant capacity as well as increased atherogenic effects [43].
These results suggest that artificial sweeteners increase plasma HDLc, but AS treatment
may impair the beneficial function of HDL [43]. Similarly, the long-term treatment of
apoA-I with sweeteners (aspartame, ACE K, saccharin) at physiological concentrations
(3 mM, 168 h) resulted in the loss of antioxidant and phospholipid binding activities
and the modification of the secondary structure [44] (application of the antioxidant and
phospholipid binding activities with modification of the secondary structure). AS-treated
apoA-I also underwent proteolysis, producing a 26 kDa fragment. These findings suggest
that artificial sweeteners impair the antiatherogenic effect of HDLc by modifying HDL, and
in particular apoA-1 [44].

Interestingly, clofibrate inhibits sweet taste receptor activity by binding to T1R. Fur-
thermore, clofibrate was found to inhibit the perception of sweetness in four artificial
sweeteners: sucrose, sucralose, sodium cyclamate, and ACE K [45]. These findings suggest
that several lipid-lowering drugs may influence sweet taste preference.

Fibroblast growth factor (FGF21) is a known hormone that regulates glucose and lipid
metabolism [45]; FGF21 is a hepatokine secreted by the liver [46]. The administration
of FGF21 or its analogs to obese nonhuman primates has been shown to decrease food
intake, reduce overweight, and improve plasma lipid profiles while increasing circulating
adiponectin [47,48]. In addition, FGF21 acts on the paraventricular nucleus of the hypotha-
lamus to suppress carbohydrate intake and carbohydrate preference, which correlates with
the decreased dopaminergic neurotransmission within the nucleus accumbens [49–51].
Consistently, the acute administration or overexpression of FGF21 suppresses the intake
of both sugar and non-caloric sweeteners. On the other hand, glucose and fructose can
induce Fgf21 mRNA levels, whereas saccharin could not induce FGF21 mRNA [49]. I
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previously reported that FGF21 expression is regulated by glucose-activated transcrip-
tion factors, carbohydrate response element binding proteins, and carbohydrate response
element binding proteins (ChREBPs) [52]. ChREBPs regulate genes in the lipogenesis,
glycogenesis, glycolysis, and pentose phosphate cycle pathways regulated by ChREBP [53].
Glucose activates ChREBP by increasing glucose 6-phosphate and xylulose 5-phosphate,
but artificial sweeteners failed to activate ChREBP because they did not alter the levels of
the glucose-derived metabolites. Artificial sweeteners do not activate ChREBP [53]; FGF21
mediates the endocrine regulation of simple carbohydrate intake and sweet taste preference
by the liver, so the intake of artificial sweeteners does not suppress sweet intake [49]. These
results suggest that the FGF21-mediated negative feedback pathway to abstain from sugar
intake, as seen with other monosaccharides, does not apply to artificial sweeteners.

2.5. Cardiovascular Disease, Cancer Incidence, and Mortality

Previously, the relationship between artificial sweeteners and cardiovascular risk was
unclear. In a women’s health initiative study, a higher intake of artificially sweetened
beverages was associated with an increased risk of stroke, coronary heart disease, and
all-cause mortality; however, a higher intake of artificially sweetened beverages was not
associated with hemorrhagic stroke [10].

The detailed mechanism as to why cerebral infarction, but not cerebral hemorrhage,
increases is unclear. Experiments using cholesterol-loaded ApoE knockout mice have
been reported to promote atherosclerosis. In these mice, cholesterol loading increased the
blood total cholesterol and triglyceride levels, increased low-density lipoprotein (LDL)
cholesterol, and decreased high-density lipoprotein (HDL) cholesterol; increased hepatic
SREBP1 expression by ACE K was accompanied by increased Fasn and Acc1 and decreased
Acox, suggesting that ACE K consumption with dietary modifications may result in the
worsening of lipid abnormalities and the development of atherosclerosis [11].

An important report was very recently published. This study was conducted on
103,388 participants in the web-based NutriNet cohort [9]. This study examined aspartame,
ACE K, and sucralose, but not saccharin. The total artificial sweetener intake was associated
with an increased cardiovascular risk (hazard ratio 1.09, 95% confidence interval 1.01–1.18,
p=0.03). Consistently with a previous study, the total artificial sweetener intake was
associated with cerebrovascular disease (HR 1.18, 95% CI 1.06–1.31, p = 0.002). ACE K
and sucralose were associated with coronary heart disease risk (ACE K: 1.40, 1.06–1.84,
p = 0.02; sucralose: 1.31, 1.00–1.71, p = 0.05); however, aspartame was not associated with
coronary heart disease risk (0.91, 0.78–1.06, p = 0.49). Aspartate intake was associated with
an increased risk of cerebrovascular disease (aspartame: 1.17, 1.03–1.33, p = 0.02), but ACE
K and sucralose were not associated with an increased risk of cerebrovascular disease (ACE
K: 1.01, 0.79–1.29, p = 0.93; sucralose: 0.99, 0.76–1.29, p = 0.93). These results suggest no
benefit from substituting artificial sweeteners for added sugar on cardiovascular disease
(CVD) outcome [9]. It is very interesting and significant that different artificial sweeteners
have different risks of heart disease and cerebrovascular disease.

There has long been interest in the relationship between cancer and its known causes,
including aspartame and lymphoma in animal studies, cyclamate and bladder cancer, and
ACE K and thyroid tumors [13]. The relationship with cancer has also been investigated:
25 observational studies (3,739,775 subjects) found no association between the intake of
artificial sweeteners and cancer mortality or incidence, but only European data showed
an association with cancer incidence (1.07, 1.02–1.12, p = 0.058), as opposed to the United
States or Oceania. There was no association with cancer mortality in any of the regions.
However, there was an association with total mortality (1.13, 1.03–1.25, p < 0.001) [11].
The differences in carcinogenesis rates by region reflect the fact that the effects of artificial
sweeteners vary more with individual patients, including the gut bacteria, which are more
strongly influenced by lifestyle than the effects of ACE K alone.

In the NutriNet-Sante population-based cohort study, artificial sweeteners (especially
aspartame and ACE K) were also associated with increased cancer risk. Higher consumers
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of total artificial sweeteners had a higher risk of overall cancer (hazard ratio (HR) = 1.13
[95% CI 1.03–1.25], p = 0.002). Aspartame (HR = 1.15 [95% CI 1.03–1.28], p = 0.002) and ACE
K (HR = 1.13 [95% CI 1.01–1.26], p = 0.007) were associated with an increased cancer risk.
Higher risks were also observed for breast cancer (n = 979 cases, HR = 1.22 [95% CI 1.01–
1.48], p = 0.036, for aspartame) and obesity-related cancers (n = 2023 cases, HR = 1.13 [95%
CI 1.00–1.28], p = 0.036, for total artificial sweeteners, and HR = 1.15 [95% CI 1.01–1.32],
p = 0.026, for aspartame) [12]. This finding might be due to the relationship between obesity
and artificial sweeteners.

Finally, I showed the summary of this review (Figure 2).

Figure 2. Artificial sweeteners have advantages and disadvantages. Artificial sweeteners (sucralose,
saccharin, aspartame, and acesulfam K) present advantages (non-caloric; a flavor enhancer; a GLP-2 stim-
ulant) and disadvantages (increased mortality, cerebrovascular risk, cardiovascular risk, hyperglycemia,
increased plasma HDL levels with impaired antioxidant functions, impaired FGF21 secretion).

3. Conclusions and Perspective

Notably, the effects of artificial sweeteners depend on individual differences, including
the gut bacteria, and may increase blood glucose levels, promote atherosclerosis, and
increase cardiovascular risk and total mortality. Therefore, the replacement of sugar with
artificial sweeteners in patients should be monitored over time for changes in blood glucose
and body weight as well as intake, and future guidance should be based on gut bacteria
data (Figure 3). It should be noted, however, that the use of artificial sweeteners from an
early age may lead to an insensitivity to sweetness, which may increase cardiovascular risk
and total mortality.

Understanding individual information, including gut bacteria, genetic traits, and
epigenetics, will lead to future risk assessments, such as elevated blood sugar from artificial
sweeteners.

It is also interesting to note that the effect of artificial sweeteners on the intestinal tract
is to promote GLP-2 secretion without increasing blood flow. GLP-2 is thought to contribute
to homeostatic signals such as the promotion of nutrient absorption and the maintenance
and repair of the intestinal mucosa; patients with digestive disorders who have residual
GLP-2-secreting cells may benefit from short-term artificial sweetener administration. As
teduglutide, a GLP-2 analog, is beneficial for parenteral support (PS) reduction in patients
with short bowel syndrome, especially Crohn’s disease [54], artificial sweeteners might be
effective for the treatment of digestive diseases.

Future research on artificial sweeteners should take into account individual differences,
including the intestinal microbiota, the type of artificial sweetener itself, and the duration
of previous artificial sweetener administration. In any case, as the effects of artificial
sweeteners on intestinal oxygen consumption, the gut microbiota, and incretin secretion
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become clearer, unexpected uses may be found, such as maintaining and enhancing the
intestinal function.

Figure 3. Questioning the intake of artificial sweeteners may be an important issue in nutritional
guidance in the near future.
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