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The excess consumption of added sugar is consistently found to be associated with weight gain, and a higher risk of type 2 diabetes mellitus,
coronary heart disease, and stroke. In an effort to reduce the risk of cardiometabolic disease, sugar is frequently replaced by low- and null-calorie
sweeteners (LCSs). Alarmingly, though, emerging evidence indicates that the consumption of LCSs is associated with an increase in cardiovascular
mortality risk that is amplified in those who are overweight or obese. Sucralose, a null-caloric high-intensity sweetener, is the most commonly
used LCS worldwide, which is regularly consumed by healthy individuals and patients with metabolic disease. To explore a potential causal role for
sucralose in increased cardiovascular risk, this present review summarizes the preclinical and clinical data from current research detailing the effects
of sucralose on systems controlling food intake, glucose homeostasis, and gut microbiota. Adv Nutr 2021;12:1500-1513.
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Introduction

Low-calorie sweeteners and cardiometabolic risk

The burden of obesity and cardiometabolic disease has in-
creased worldwide over recent decades (1-3). Cardiovascular
events remain the single leading cause of death, accounting
for ~31% of global mortality rate in people with obesity
and/or type 2 diabetes (4, 5). Although the development
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of metabolic abnormalities, including obesity and insulin
resistance (6), is driven by a series of complex physiological
and lifestyle interactions, excess added sugar consumption
has long been considered a prominent dietary mediating
factor (7).

In recognition of the adverse health impact of high-
energy added sugars, low-calorie sweeteners (LCSs) have
become more commonly used in foods and beverages. By
providing consumers with products that have a sweet taste
and low energy content, LCSs appear to be the silver bullet
in enhancing weight loss and reducing cardiometabolic dis-
ease rates (8-11). However, meta-analyses of observational
studies reveal an increase in body weight, BMI, and the
incidence of type 2 diabetes in people consuming LCS
beverages (12). Additionally, 3 large cohort studies from
Europe and the United States demonstrate an increase in
all-cause mortality in those consuming >2 glasses of LCS
beverages per day (13-15). This appears to be mainly
driven by cardiovascular deaths, as confirmed in a very
recent meta-analysis (16), especially in participants with
either a BMI >25 (13) or >30 kg/m? (15). However, the
interpretation of these findings is complicated, mainly due

© The Author(s) 2021. Published by Oxford University Press on behalf of the American Society for Nutrition. All rights reserved. For permissions, please e-mail:

journals.permissions@oup.com. Adv Nutr 2021;12:1500-1513; doi: https://doi.org/10.1093/advances/nmaa185.


https://academic.oup.com/advances
mailto:guillaume.walther@univ-avignon.fr
mailto:journals.permissions@oup.com
https://doi.org/10.1093/advances/nmaa185

to the uncontrolled nature of the observational study design
and/or by potential reverse causation (i.e., LCSs are typically
consumed by individuals already suffering from obesity or
cardiometabolic conditions). In addition, reports of exposure
to LCSs could be incomplete and/or inaccurate; and the
nature of the foods and beverages containing LCSs, as well as
LCSs themselves, might dramatically change over the period
of follow-up of these cohorts. Finally, most studies focused on
the consumption of beverages, which is not the only source of
LCSs. Despite these limitations, the epidemiological evidence
is consistent across studies and, thus, the commonly held
belief that LCSs are physiologically neutral can be challenged.

The recognition of sucralose as a major player among
LCSs

LCSs are categorized into different groups according to their
origin (e.g., natural or artificial), their sweetness potency,
and their nutritional value (caloric or noncaloric; and
digestibility) (17, 18). Natural sweeteners include the monk
fruit (Siraitia grosvenorii), swingle fruit extract, stevia, and
the sweet-tasting protein, thaumatin. The most common ar-
tificial sweeteners are acesulfame potassium (acesulfame-K),
advantame, aspartame, neotame, saccharin, and sucralose.
The latter is the most commonly used artificial sweetener
worldwide, accounting for 30% of the US$2.29 billion global
LCS market in 2016 (19). Although aspartame has been
widely used in LCS beverages, more and more diet drinks
now contain sucralose in their recipe, with an increase of
10% in sucralose-sweetened diet beverages between 2008
and 2016 (20). Sucralose is a semisynthetic sweetener that
is derived from a chemical modification of sucrose, whereby
the 3 hydroxyl groups are substituted by chlorine atoms
(at the 4'-, 1'-, and 6'-positions). Sucralose is ~600 times
sweeter than sucrose, with a quality and temporal profile
very close to that of sucrose (18). The FDA and European
Food Safety Authority have both approved sucralose, setting
an acceptable limit of consumption [e.g., acceptable daily
intake (ADI) of 5 and 15 mg/kg/d, respectively], for use in
a variety of foods including baked goods, beverages, chewing
gum, gelatins, and frozen dairy desserts. Thus, sucralose is
considered safe for human consumption (21), partly because
of its zero-calorie characteristic, which means that blood
glucose concentrations are not significantly altered after
consumption (22). The consumption of LCSs has even been
recommended by health authorities as part of a weight loss
strategy in overweight and obese individuals, as well as in
people with glucose intolerance or diabetes and in those who
are pregnant (23, 24). Moreover, sucralose is also consumed
indirectly in pharmaceutical drugs and is even detected in
the breast milk of lactating women, even among women who
had not reported any LCS consumption (25). Despite the
apparent neutral effects of sucralose on blood glucose and/or
body weight (23, 26), consideration of the evidence from the
recent observational and epidemiological studies described
above, as well as the statistics demonstrating that sucralose
consumption is increasing, warrants a need to question the

physiological inactivity of sucralose and the potential long-
term effects it might have on cardiovascular and metabolic
human health (27-30).

Thus, the purpose of this review is: I) to summarize the
current understanding of sucralose molecular sensors; and
2) to review recent clinical and preclinical data related to
sucralose-mediated effects on glucose metabolism and the
cardiovascular system, exploring a potential causal role of
sucralose consumption in the increase in cardiovascular risk.

Sucralose: Its Receptors and Signaling Pathways
The most evident effect of sucralose is its generation of a
sweet sensation via stimulation of the mechanisms for sweet-
ness perception. In the early 2000s, starting with a discovery
by Nelson and collaborators (31), several studies reported
that sweet-tasting compounds (e.g., natural sugars, artificial
and natural null-caloric sweeteners) were detected by a single
sweet-taste receptor expressed on the apical membranes of
the taste receptor cells residing in the taste buds of the oral
cavity (Figure 1). The sweet-taste receptor is a heterodimeric
class C G-protein—coupled receptor composed of TASIR2
(taste receptor type 1, member 2) and TAS1R3 (taste receptor
type 1, member 3) subunits (32). Knockout mice studies
and cellular assays have established that the heterodimeric
TAS1R2/TASIR3 is the primary sweet-taste receptor (31,
33, 34). These proteins consist of a 7-transmembrane-helix
connected by a short cysteine-rich linker to a Venus flytrap
domain. Natural monosaccharides and disaccharides, as well
as artificial sweeteners such as sucralose, bind to the Venus
flytrap domain of the TAS1R2 and/or TAS1R3 subunits (17,
35). Although glucose can activate TASIR2/TASIR3 at very
high concentrations (>300 mM), most LCSs are much more
powerful agonists with lower concentrations (<100 ©M)
being sufficient for activation of these taste receptors (36).
Indeed, solutions containing concentrations of sucralose in
the micromolar range [half-effective concentration (ECsg)
=39 uM)] are sufficient to activate TAS1R2/TAS1R3 (37). In
taste bud cells, the signaling cascade involves the activation of
the heterotrimeric G-protein, «-gustducin, and subsequent
stimulation of phospholipase C (PLC) S2. This leads to
a calcium-dependent activation of the transient receptor
potential cation channel M5, which results in membrane
depolarization, opening of Pannexin-1 and, ultimately, a
release of ATP. In turn, extracellular ATP excites primary
afferent sensory fibers, stimulating them to send a sweet taste
signal to the brain (36, 38-40).

Additionally, sensory studies conducted in humans and
preference tests conducted in rodents have shown that
sucralose has a bitter taste quality (41). Cellular assays using
human embryonic kidney 293 cells have demonstrated that
this off-taste is due to the capacity of sucralose to activate
several human bitter taste receptors named TAS2Rs (taste
receptors type 2). The human TAS2R family, which also
belongs to the G-protein—coupled receptor superfamily, en-
compasses ~25 members possessing different ligand profiles.
TAS1Rs and TAS2Rs share the same signaling cascade.
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RECEPTORS SENSITIVE TO SUCRALOSE STIMULATION

Canonical sweet and bitter signaling pathway
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FIGURE 1 The effect of sucralose on sweet and bitter taste receptors
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with the associated signaling pathways. Description of the

signaling pathways being activated following the binding of sucralose to bitter receptors (TAS2Rs), sweet taste receptors, or the TASTR3
homodimer. (1) The interaction between sucralose and its receptor is associated with the activation of (2) signaling cascades involving (2a)
PLC activation or (2b) both PLC and AC activation. PLC activation leads to an increase in intracellular IP;, which will interact with its
receptor, IP,R, localized in the ER. It also induces (3) a release of intracellular calcium, which (4a) activates TRPMS. The subsequent entrance
of sodium to the cell via TRPMS5 allows membrane depolarization and nervous perception of a bitter or sweet taste. Alternatively,
activation of AC increases cCAMP production and PKA activation with (4b) various consequences for the cell type in which the process
occurs. AC, adenylate cyclase; [Ca®*],, intracellular calcium; DAG, diacylglycerol; ER, endoplasmic reticulum; GaGust, G-protein
a-gustducin; GaS, G-protein as subunit; P, inositol triphosphate; IP,R, inositol triphosphate receptor; PKA, protein kinase A; PLC,
phospholipase C; TASTR2/3 and TASTR3/3, sweet taste receptor; TAS2R, bitter taste receptor; TRPM5, transient receptor potential cation

channel subfamily M member 5.

Sucralose has been shown to activate the human TAS2R1, 10,
31, 44, and 46 (ECsy = 16-60 mM) (42).

Since first being discovered in the mouth, taste receptors
have subsequently been demonstrated to be expressed in
numerous nongustatory systems. In some tissues (e.g.,
gut, pancreas, brain, and adipose tissues), both TAS1R2
and TASIR3 are functionally expressed. However, in some
other tissues (e.g., the stomach, liver, lymphocytes, kidney,
lung, and, probably, the endothelium), TASIR3 are only
expressed as the monomeric subunit, most likely in a
homodimeric form (31, 43). Cellular assays have shown
that TASIR3 alone (i.e.,, in absence of TAS1R2) has a
low sensitivity to monosaccharides and disaccharides (43).
Despite a lack of evidence, it has been thought that the
TAS1R3 homodimer could be involved in the detection
of sucralose. Additionally, numerous TAS2Rs, including
several sucralose-sensitive isoforms, have also been found
in other tissues including the heart and vascular wall (44-
46).

In these other tissues, stimulation of the sweet taste
receptor, TASIR2/TAS1R3, and bitter taste receptor, TAS2R,
by sucralose or any other LCS has been largely associated
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with activation of the canonical pathway, initially identi-
fied in the taste buds (i.e., Ga-gustducin/PLCB2/inositol
triphosphate pathway) (Figure 1, left panel). However, recent
literature also suggests that taste receptors can trigger
alternative signaling pathways. In this context, Nakagawa
and collaborators (47, 48) provided evidence that LCSs act
as biased agonists toward TASIR3 (i.e., they can activate
distinct signaling pathways) in mouse insulinoma 6 cell
types (Figure 1, right panel). For example, in these cells, the
interaction of sucralose, acesulfame-K, or Na-saccharin with
TASIR3 results in a distinct activation of the PLC and/or the
adenylate cyclase pathways and, thus, in a different pattern of
response for changes in intracellular calcium and/or cAMP
concentrations.

Beyond the oral cavity and the initiation of sweet sensa-
tion, there is accumulating evidence that taste receptors act as
a nutrient sensor and have a role in metabolic control. Find-
ings that detail evidence for their role in glucose intestinal
absorption, metabolism, and cardiovascular functions (44-
46) have provided the basis for developing new therapeutic
strategies (49) and/or for clarifying the aforementioned
concerns associated with the habitual consumption of LCSs



(which will be partly discussed in the next sections). How-
ever, because most of the effects of LCSs have been observed
in vitro, it is not completely clear whether their action on
taste receptors translates into physiological modifications
in habitual consumers. Indeed, there are reasons to doubt
that sucralose activates taste receptors in certain organs.
Although the pharmacokinetics of sucralose have scarcely
been explored, previous research has indicated that its oral
bioavailability is very low, close to 14% (50). This seems to
be specific to the sucralose molecule, because other LCSs
commonly used in the food and beverage industry, such
as acesulfame-K or saccharin, are absorbed at a rate of
80-100% into the plasmatic compartment (51) and, thus,
are more likely to amount to a plasmatic concentration
adequate for the activation of TAS1Rs. However, sucralose
plasma concentration is largely dependent on gastrointestinal
permeability (52-56), which could be increased in conditions
such as obesity and diabetes (57, 58). Finally, little is known
about the distribution of sucralose in nondigestive tissues, a
gap in the knowledge that needs to be addressed to better
understand the effect of sucralose consumption on human
health (Supplemental Tables 1-3).

The Effects of Sucralose on Glucose Metabolism
and the Cardiovascular System

Appetite and taste preferences

Multiple systems contribute to the control over what and
how much we eat. Looking at the interaction of LCSs with
these systems could thus provide an entry into understand-
ing whether and, eventually how, each LCS affects eating
behaviors. Unsurprisingly, many research efforts have been
made to characterize the impact of LCSs on taste perception
and, of course, how to refine it. It is, indeed, commonly
accepted that the sense of taste guides essential appetitive
behaviors through its action on neural mechanisms that
elaborate reward and aversion. Findings obtained using
laboratory rodent models demonstrate that by manipulating
the brain fields that represent sweet taste, it is possible to
directly control the animal’s internal representation, sensory
perception, and behavioral actions (i.e., sugar appetency)
(59). In humans it is thought that chronic stimulation of
similar reward-related systems by highly palatable food, such
as sugar, can override homeostatic signals and eventually
lead to overeating and subsequent obesity (60). In line
with this theory, behavioral tests show that when given the
choice between a sugar solution and water, rodent models,
even when replete, increase their fluid intake by consuming
almost exclusively the sugar solution (61). Interestingly,
when sugar is substituted with an LCS, comportment and
attraction to sweeter elements is similar (62). However,
discrepancies in perceived taste are reported between each
LCS and thus different hedonic responses are induced. Most
LCSs interact with TAS2R and elicit a bitter side taste
that is particularly evident in high concentrations. Several
clinical reports indicate that sucralose has a relatively low
bitterness compared with saccharin or acesulfame-K and

thus provides a more acceptable sucrose-like taste quality
(63, 64). As previously mentioned, sweet taste perception is
peripherally mediated by TASIR2/TAS1R3, which recognize
both sugar and sweeteners. Surprisingly, ageusic animals—
in which the sweet receptors have been inhibited—still
develop a preference for sugar over time, but not for
sweeteners, indicating that sugar can recruit additional
reward mechanisms (33, 65, 66). Consistent with this, clinical
brain imaging data also indicate that sucrose and sucralose
both activate taste-reward circuits, but responses to sucrose
appear to be greater in intensity and involve additional brain
areas related to pleasure (67). The available data suggest that
an attraction and preference for sweeter elements involves
the integration of both orosensory and postingestion signals.
Recently, Zuker’s team (68) identified a gut-to-brain neuronal
circuit that communicates the presence of sugar to the brain
and drives the preference for sugar. This postoral recog-
nition system relies on the sodium-glucose cotransporter
(SGLT), which only reacts with some hexoses (e.g., glucose,
galactose), but does not recognize any of the LCSs. This
last observation might explain why sucrose and glucose are
more “rewarding” than sucralose (or other sweeteners) after
prolonged exposure (68-70). The dominant paradigm in the
regulation of feeding suggests that 2 parallel systems interact
to influence food consumption, the previously cited hedonic
system and the homeostatic system. The homeostatic system
relies on the activity of several hormonal regulators such
as leptin, ghrelin, insulin, glucagon-like peptide type 1
(GLP-1), and peptide tyrosine-tyrosine (PYY), which inform
the brain about peripheral energy levels. When ingested,
carbohydrates stimulate the secretion of these hormones in
the gut and thereby send a satiety signal. Several in vitro
studies have reported that GLP-1 and glucose-dependent
insulinotropic polypeptide (GIP) secretions in the enterocyte
are controlled by the sweet receptor TASIR2/TAS1R3 and,
correspondingly, that sucralose is a potent stimulus for their
secretion (71, 72). Although animal and clinical studies
reported no change in leptin concentration after sucralose
consumption, ghrelin seems to be affected by this molecule.
In vivo and clinical studies, however, provide contrasting
results (73-76). The significance of such mechanisms for
appetite and the regulation of food consumption warrants
further investigation.

Body composition

The use of LCSs is often proposed as a strategy to promote
weight loss or for weight maintenance. However, as recently
reviewed by Hunter et al. (23), a meta-analysis of epidemio-
logical data mostly reported a positive or a lack of association
between the consumption of LCSs and body weight (12,
77,78). In contrast, meta-analyses of randomized controlled
trials tend to show no, or only a small, negative association
between LCS consumption and body weight (12, 77-80),
but there are no available secondary analyses of the specific
effect of sucralose. One of the major arguments proposed to
explain these epidemiological findings is the possibility of
reverse causation (81). Interventional research also provides
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mixed findings. It is likely that this results from the fact
that studies differ largely in duration and in the population
studied (e.g., by age, gender, health status, and weight). Also,
as pointed out by Higgins et al. (8), LCSs are often studied
in combination (differing in composition between studies),
despite the fact that LCSs might not all be equal when it
comes to weight management. To address this point, Higgins
and collaborators conducted a randomized controlled trial
to compare the effects on body weight of 4 LCSs with
sucrose. After 12 wk, sucrose and saccharin consumption
yielded a significant and comparable increase in body weight,
whereas there was no change in body weight in those
consuming aspartame, rebaudioside A, and sucralose. The
body weight of those consuming sucralose even tended
to decrease and was significantly lower than that in those
consuming any other sweetener. Hence, this trial suggests
that sucralose could be one of the most efficient LCSs for
weight control. Another study reported that the consumption
of diet beverages containing sucralose and acesulfame-K
reduced weight gain in children compared with those who
consumed sugar-sweetened beverages (10). In an overweight
population, the replacement of sugar-sweetened beverages
by diet beverages tended to induce greater weight loss than
water (82). However, these results have been obtained using
a limited number of participants. Indeed, larger longitudinal
studies are required to draw firm conclusions. In animal
models focusing on the effects of sucralose, some studies
provided evidence that its consumption was associated with
weight gain when compared with water (83-86) or both water
and sucrose consumption (87), whereas in other studies
no change was reported (88, 89). Nevertheless, even when
body weight is not altered, visceral fat can be accumulated,
increasing the risk of metabolic syndrome (90). In fact, after
a median follow-up of 10 y, Chia et al. (91) reported that LCS
consumers had a higher risk of developing abdominal obesity
than nonconsumers. To better understand the underlying
mechanisms that promote an increase in adipose tissue, a
recent study conducted in normal-weight rats drinking su-
cralose for 10 wk showed no increase in body weight, but did
exhibit changes in the distribution of fat pads when compared
with their control counterparts (89). The rearrangement
of fat compartments leads to metabolic adaptations in this
tissue, affecting its metabolic status. Dysregulations in this
system can be associated with increased cardiometabolic
risk. It has been shown that exposing adipose tissue derived
from human mesenchymal stromal cells to LCSs can lead to
an increase in adipogenesis. In the same study, the authors
demonstrated that this phenomenon was also observed in
human adipocytes in individuals with obesity who are known
to consume LCSs (92). In rodents, Sanchez-Tapia et al.
(84) demonstrated that rats fed with sucrose or sucralose
have a significantly larger area of adipocytes compared with
those drinking water. Furthermore, the authors describe
that the rats fed with sucralose presented with the biggest
brown adipocyte size, compared with those fed with water
or sucrose. Consistent with the adipogenesis described in
human adipocytes, this rodent study demonstrated that
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sucralose consumption promotes hyperinsulinemia and sig-
nificantly increases lipogenesis mediated by sterol regulatory
element-binding protein 1 (SREBP-1). Interestingly, it has
been reported that sucralose is metabolized by rats into
compounds that are less polar and more lipophilic than the
parent compound. Those compounds remained in adipose
tissue 2 wk after the last treatment, even when they were
not detected in urine and feces (84, 86). Whether the
sequestration of sucralose or its secondary metabolites in
adipose tissue influences its metabolism remains to be
demonstrated. Given that modifications in body composition
are known to be associated with cardiovascular impairment,
exploration of this phenomenon is of interest to determine if
sucralose is associated with cardiovascular dysregulation.

Glucose Metabolism

Fasting glycemia, insulinemia, and glucose regulation
Findings detailing the effect of sucralose consumption on
glucose regulation have been contradictory. Variations in the
results depend not only on differences in the matrix contain-
ing sucralose, but also whether sucralose is ingested alone
or if its consumption is followed by a caloric/glucose load
to promote changes in glucose and insulin concentrations
(22, 27, 93). In their systematic review of studies published
from 1996 to 2012, Romo-Romo et al. (94) reported that
sucralose consumption was not associated with changes in
fasting glucose, insulin, or glycated hemoglobin (HbAlc) in
humans; it should be noted, however, that most of the studies
they reviewed had evaluated only acute effects of a single
exposure to sucralose. The doses of sucralose used in these
acute exposure studies were from 60 mg to 1000 mg and
were administered via capsules or by using pure sucralose,
commercial granular sucralose, or diet soda containing
sucralose. These interventions were given alone or before a
standard breakfast or an oral-glucose-tolerance test (OGTT)
or via intragastric and intraduodenal infusions (74-76,
95-98). With regard to the effects of habitual sucralose
consumption, 2 human studies from the same research group
reported that 12 and 13 wk of sucralose consumption had no
effect on HbAlc, fasting glucose, insulin, and C-peptide. It
should be noted, however, that sucralose was administered
daily using capsules containing 333 and 667 mg, respectively,
in those studies (99, 100).

Four studies have shown a significant reduction in insulin
sensitivity after sucralose exposure. Pepino et al. (101) found
in 17 participants with morbid obesity that, compared with
water consumption, a single exposure to 48 mg sucralose pro-
duced higher glucose, insulin, and C-peptide concentrations
at specific time-points and a 23 = 20% (P = 0.01) decrease in
insulin sensitivity during a 5-h OGTT. Nichol et al. (102) also
showed that an acute exposure to 48 mg of sucralose induced
a 30 &= 10% higher glucose AUC (P = 0.03) after an OGTT
compared with water in both normal-weight participants
and in those with obesity. Moreover, insulin secretion was
decreased 20-40 min after the beginning of the OGTT in
normal-weight people, whereas it was increased at 90-120



min in individuals with obesity (P < 0.05). Interestingly,
this latter work showed that, in both normal-weight and
obese participants, only sucralose ingestion but not sucralose
tasting and expectoration increased glucose AUC during
OGTT. Yet, oral sensation on its own could also have
metabolic consequences because sucralose tasting alone,
before a glucose drink, significantly dampened the plasma
insulin rise. Regarding the chronic effects, when healthy
participants consumed daily capsules containing 200 mg of
sucralose over a 4-wk period (103), there was a significant
(P < 0.01) reduction in insulin sensitivity measured with
the Matsuda index and the homeostasis model assessment of
insulin sensitivity (HOMA-%S) and an increase in both the
homeostasis model assessment of S-cell function (HOMA-
%B) and the insulinogenic index during an OGTT. A
decrease in insulin sensitivity was also demonstrated after
an intravenous glucose tolerance test when healthy lean
individuals were asked to consume sucralose (15% of the
recommended ADI) over a period of 14 d (104). Finally,
Dalenberg et al. (105) provided evidence that consumption
of beverages containing 60 mg of sucralose and 31.83 g of
maltodextrins over a period of 2 wk significantly increased
the AUC of insulin (P < 0.01), but not with beverages
containing only sucralose or only maltodextrins. This study
was performed in adults and adolescents. However, the trial
was suspended for the adolescents due to an important
change in the HOMA-IR in the sucralose/maltodextrin
group (from <3.5to >12.9).

Different mechanisms explaining how sucralose could
have an impact on glucose and insulin concentrations have
been described, such as an increase in the activation of
glucose transporters, the stimulation of incretin release via
interaction with sweet taste receptors located in the intestine
and in the pancreas, as well as modifications in the gut
microbiota (106). Interestingly, sweet taste receptors are
also found in pancreatic B cells (107). In vitro studies
have shown that LCSs such as sucralose, acesulfame-K, and
saccharin activate the TASIR2/TASIR3, thus stimulating
insulin secretion (40). Although the interaction between LCS
and pancreatic 8 cells does not generate ATP to depolarize
the cell membrane and promote insulin secretion, activation
of the sweet taste receptors induces this effect via cytoplasmic
calcium and cAMP-dependent mechanisms. In studies with
isolated pancreatic islets from mice, it has been observed that
sucralose can potentiate the release of insulin in the presence
of glucose (107). However, many studies have reported little
or no absorption of sucralose in humans (50, 108). So, there is
a low probability that sucralose interacts with the pancreatic
B cells and its metabolic effects are most likely produced
exclusively in the gastrointestinal tract (51).

Margolskee et al. (71) provided evidence in animal models
that a low-carbohydrate diet supplemented with sucralose,
as well as other LCSs (e.g., acesulfame-K and saccharin, but
not aspartame), generated a greater expression of SGLT1 in
enteroendocrine cells. This increased expression appears to
be the consequence of the LCS interaction with the sweet
taste receptors, TASIR3 and «-gustducin, because this effect

was not replicated in TASIR3 and «-gustducin knockout
mice. Mace et al. (39) found that LCS stimulated the apical
expression of glucose transporter 2, regulated by the sweet
taste receptors TASIR2, TASIR3, and «-gustducin, in the
small intestines of rats. The greatest increase in glucose
absorption caused by LCS was observed with acesulfame-K,
followed by sucralose and, to a lesser extent, saccharin. These
studies suggest that LCSs can promote both active and passive
transport of glucose in the enterocyte.

A recent study performed in male Wistar rats reported
that sucralose consumption over a period of 4 mo improved
glycemic and insulinemic responses compared with sucrose-
consuming rats. These effects were accompanied by reduced
insulin receptor substrate 1 and protein kinase B phosphory-
lation and decreased expression of glucose transporter 4 and
SREBP-1 in the basal situation (84).

For many years, including present times, sucralose has
been considered not to alter glucose metabolism (26, 109).
However, considering recent findings, there is controversy
regarding the methodologies that have been used in these
studies, which are not sensitive enough (i.e., fasting glucose
and insulin, HbAlc, or OGTT) to guarantee that LCSs have
a neutral effect on glucose homeostasis. In addition, many of
these studies have been crossover trials with a single exposure
to sucralose (28). There is a need to perform parallel-
randomized clinical trials using more precise techniques
such as the hyperinsulinemic euglycemic glucose clamp to
identify early changes in variables like insulin sensitivity,
which could predispose an individual to developing signifi-
cant disturbances in glucose tolerance with a longer exposure
to sucralose.

Incretin secretion: GLP-1 and GIP

Incretins are intestinal peptides that act as hormones,
accounting for ~50% of the postprandial insulin release in
a glucose-dependent manner. The main incretins are GLP-
1 and GIP. There is evidence that incretins have roles in
neogenesis and prevention of 8-cell apoptosis in the pancreas
(110-112). The administration of GLP-1 in humans reduces
food consumption by increasing the feeling of fullness,
promoting weight loss in the long term. The mechanisms
driving this effect include delayed gastric emptying and the
regulation of food intake by the central nervous system
(113-115).

Several in vitro and animal studies have indicated that
sucralose specifically stimulates the secretion of GLP-1 and
GIP. This increase in incretins is induced by the interaction
between the sweet taste receptors TASIR2, TAS1R3, and «-
gustducin, located in enteroendocrine L and K cells (71,
72, 84, 116). Nonetheless, it could also be mediated by
sucralose-stimulated increase in the expression of the SGLT1
transporter, as previously mentioned (71, 117). Some studies
performed in small intestinal tissue of mice suggested that
the effect of sucralose on incretins is dose-dependent (116),
but other studies reported that higher amounts of sucralose
do not potentiate the secretion of incretins (27, 72).
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Several studies in humans have evaluated the effects of
sucralose on the release of incretins, with contradictory
results. In all studies that reported no effect on GLP-1 and
GIP secretion, sucralose was consumed alone. The doses
used in these trials ranged from 40 to 960 mg. All of them
were crossover studies and they evaluated the effects of
sucralose following a single dose of the sweetener (74-76,
97, 118). However, studies that performed an OGTT after
sucralose consumption found higher GLP-1 concentrations,
suggesting that the combination of this LCS with glucose
potentiates the secretion of incretins, when compared with
sucralose alone. The doses used in these trials ranged from
24 to 200 mg and each study was also a crossover design
(73, 98, 103). It is important to note, however, that 2 studies
performed an OGTT after sucralose consumption and found
no change in GLP-1 and GIP concentrations (26, 101).

When sucralose was consumed habitually (200 mg/d for
4 wk), higher concentrations of GLP-1 were detected (103).
However, it was recently reported that regular sucralose
consumption in healthy people for a period of 2 wk did
not modify the fasting plasma concentrations of appetite-
regulating hormones like GLP-1, ghrelin, leptin, and PYY
(119). Two of the studies that reported an effect of sucralose
on GLP-1 secretion included participants with type 1 or type
2 diabetes mellitus. Higher concentrations of GLP-1 were
detected only in participants with type 1 diabetes and in
healthy participants, but not in those with type 2 diabetes (73,
98). Consequently, the increase in GLP-1 secretion could be
beneficial for health in patients with type 2 diabetes due to
its effect on appetite and insulin release. There have been no
reports of an effect of sucralose on GIP in humans.

Leptin and ghrelin secretion

It is also suspected that sucralose alters leptin and ghrelin
hormones, which have been recognized to have a major
influence on energy balance. Leptin is a hormone produced
mainly by the white adipose tissue and is stimulated by
insulin. It is involved in appetite regulation and energy
expenditure, stimulating the expression of anorexigenic
neurons in the hypothalamus in response to increased fat
mass (120-122). Individuals with obesity are characterized
by hyperleptinemia (123). However, it has also been proposed
that leptin signaling through its receptor could be impaired in
obesity (124), especially when it is associated with metabolic
syndrome (125).

Ghrelin is an orexigenic peptide produced in the stomach,
mainly in the gastric fundus. It increases food consumption
and promotes weight gain by decreasing fatty acid oxidation
(120, 126). The concentrations of these 2 hormones rise
during fasting or in a state of negative energy balance and fall
with increases in food consumption or obesity, correlating
negatively with BMI (122, 127).

An animal study and a clinical trial reported that sucralose
consumption over a period of 12 and 2 wk, respectively,
did not change leptin concentrations (26, 87). An in vitro
study reported that ghrelin concentration is decreased in
the presence of sugar, but increased when consumed with
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sucralose, without being mediated by sweet taste receptors or
glucose transporters (128). Two clinical trials have reported
that a single exposure of sucralose has no effect on ghrelin
concentrations using doses of 62 and 420 mg (74, 96). A study
in male C57BL/6 wild-type mice found no changes in ghrelin
concentrations after 8 wk of exposure to sucralose (88).

Nevertheless, 3 studies in mice have found a significant
increase in body weight after sucralose consumption com-
pared with the control group, although the food intake was
decreased in the animals that consumed this LCS (83, 84, 87).
One of these studies reported an increase in the adipocyte
size and in leptin expression, in addition to a decrease in
the expression of adiponectin and the uncoupling protein 1,
after 4 mo of exposure to sucralose; the same effects were
observed with the high-caloric sweeteners sucrose, glucose,
and fructose (84).

Gut microbiota

The gut microbiota is a collection of microorganisms that
codevelop with the host from birth according to the host’s
intrinsic (genetics, health status, etc.) and environmental
factors. It is clear that diet itself has an important influence
on the composition of gut microbiota (129). The growing
appreciation of the relation between gut microbiota and
human health over recent years has also raised questions
about the impact of habitual LCS consumption on gut
microbiota. A primary in vitro observation is that several
LCSs, including sucralose, exert strong bacteriostatic effects
on the metabolism of many bacterial species found in the
gastrointestinal tract (130-132). From an in vivo perspective,
a second important consideration is the probability of
the LCS interacting with gut microbiota. In this context,
it is known that acesulfame-K and saccharin are quickly
and readily absorbed into the systemic circulation, which
greatly limits their interaction with the colonic microbiome.
Sucralose, however, being poorly absorbed, moves through
the gastrointestinal tract unchanged, making it a potentially
more potent perturbing agent (50, 51, 86). However, this
has not been confirmed. It should also be noted that so far
no study has compared the relative in vivo impact of each
sweetener on the microbiota.

To date, we have identified 5 preclinical studies assessing
gut microbiota changes in response to the habitual con-
sumption of pure sucralose or in the form of commercial
sachets (Splenda) (30, 85, 133-135). All of these studies
have been conducted on mice or rats, with exposure ranging
from 1.1 to 15 mg/kg/d over 6 wk to 6 mo. Together,
these studies provide convincing in vivo evidence that
habitual sucralose consumption alters the gut microbiota
composition (i.e., dysbiosis). In healthy models, the shortest
exposures were associated with slight changes, whereas the
study with the longest exposure was associated with more
bacterial genera being impacted; suggesting that significant,
observable microbiome remodeling in response to sucralose
exposure can take time to occur. Changes in microbiome
are mostly observed at the genus level with the relative
presence of some species being up- or downregulated



instead of a whole phylum being altered. In this context,
all studies also concurrently reported dysbiosis after several
weeks of sucralose exposure. However, data are inconsistent
when it comes to the genera being impacted by sucralose
consumption. Indeed, some studies even reported opposite
variations for the same genus (i.e., Bifidobacterium) (85, 135).
Yet, it is also unclear whether changes in microbiota induced
by sucralose have any direct consequences on the host’s
health. Because many previous studies have indicated that
dysbiosis is associated with propensity to metabolic diseases
such as obesity and type 2 diabetes (136-138), there is hope
for information indicating whether the sucralose impact
on the microbiome would be expected to translate into a
metabolic disorder or not. Most of the studies cited reported
little to no blunting of the body mass gain in healthy or in
diet-induced obese rodents. One study, however, reported
an increase in body weight after the supplementation was
delivered. Interestingly, in 2 studies, several microbiota
metabolites were significantly different between the control
mice and those receiving sucralose. Beyond its effect on the
composition of the microbiome, there are data indicating that
sucralose alters bacterial metabolism in vivo, with possible
consequences for cholesterol metabolism and an increase in
inflammation (133, 134). In contrast, only 1 study assessed
the effects of sucralose consumption on the gut microbiota
in humans. This randomized controlled trial included 34
participants receiving either sucralose capsules (780 mg/d)
or a placebo over a period of 7 d. The gut microbiome
was evaluated before and after the intervention, but there
was no significant change following sucralose exposure.
Nevertheless, changes were only evaluated at the phylum
level (109). As a whole, there is accumulating preclinical
evidence that long-term consumption of sucralose, even
at levels within the ADI, can affect the gut microbiome.
It is, however, important to note that data obtained in
rodent models could lack clinical relevance because bacterial
genera and species differ greatly between mice and humans.
There is currently insufficient clinical evidence to exclude
any impact of sucralose on the human microbiota. Future
studies will have to clarify the effect of sucralose on the
balance and diversity of the gut microbiota, as well as the
potential functional consequences on bile acids and, thus,
cholesterol metabolism, glucose metabolism, and overall
health. Demonstration of causality between constituents
of the microbiota and specific diseases remains to be
determined.

Blood pressure, heart function, and circulation

Several recent epidemiological studies conducted within
large US and European cohorts reported an association
between habitual and high consumption of LCSs and a higher
risk of hypertension, vascular heart diseases, and death
from circulatory diseases (13-15). Despite these concerning
findings, few studies have provided mechanistic or causal
evidence for a direct participatory role of acute and, more
importantly, long-term LCS consumption in the impairment
of cardiovascular function. Yet, only a few trials with a

very limited number of participants have been conducted.
We identified only 3 studies aimed at testing the potential
hemodynamic consequences of sucralose consumption in
humans. One was a tolerance study in which sucralose was
administered at doses <10 mg/kg/d. After 17 d, there was
no change in blood pressure (139). A second study was
designed to investigate the acute impact of sucralose in
postprandial hypotension, a condition frequently associated
with increased mortality in elders. The authors demonstrated
that whereas glucose intraduodenal infusion induces a
massive increase in superior mesenteric artery blood flow
and a decrease in blood pressure, sucralose and saline
infusion (4 mM) had no significant effect. Their results,
therefore, suggest that it might be beneficial for elders with
postprandial hypotension to replace glucose with sucralose
(140). However, it is not known whether this effect is specific
to sucralose or whether it could be extrapolated to other
LCSs. A third study provided similar findings, reporting
that flow-mediated dilatation of the brachial artery was
not affected after acute consumption of sucralose (141).
However, in this latter study, the dose of sucralose that was
administered was not mentioned. Considered together, the
evidence from these studies is insufficient to rule out the
potential association between the habitual consumption of
sucralose and an increase in cardiovascular risk. As men-
tioned before, more long-term and large-scale randomized
controlled trials in humans are required. This need for a
greater understanding of the interaction between sucralose
consumption and cardiovascular health is also emphasized
by some preclinical studies. For example, we reported
marked vascular endothelial dysfunction in healthy rats after
consumption of water sweetened with acesulfame-K and
sucralose over a period of 10 wk at doses in line with the
ADI (15 mg/kg/d) (89). Although this latter observation is
based on the use of a cocktail, preventing any conclusion
about the specific effect of sucralose, it is still substantial
because of the pivotal role of endothelial dysfunction in
atherosclerosis and its adverse complications. Similar con-
cerns have also been recently raised by Chichger’s group (142,
143), providing convincing in vitro evidence that sucralose
can modulate various endothelial cell properties such as
vascular permeability, proliferation, migration, adhesion,
and tube formation via activation of TASIR3. There is also
a growing body of evidence that TAS2Rs, which can be
stimulated by sucralose, are expressed and have a specific
function in the cardiovascular system. Notably, Foster and
Xin (44, 45, 144) have shown that activation of TAS2Rs
results in negative inotropic and vasodilator effects. There
is, thus, another possibility that by interacting with TAS2Rs,
sucralose can alter the cardiovascular system and play a
role in the development of cardiometabolic diseases. Yet the
significance of the interaction between sucralose and the
taste receptors remains to be determined in vivo and at the
clinical level. Overall, there is a need to conduct additional
well-designed, interventional studies to allow us to better un-
derstand epidemiological findings and clarify the long-term
impact of consuming LCSs on blood pressure and vascular
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PHYSIOLOGICAL EFFECTS OF SUCRALOSE
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FIGURE 2 The effect of sucralose on digestive, cardiovascular, and metabolic physiology and its potential link with cardiovascular risk.
The purple shading represents the effects of sucralose that could potentially explain the increase in total cardiovascular mortality risk. The
level of proof is indicated with 1 or 2 hearts for epidemiological only or epidemiological and interventional studies, respectively. GIP,
glucose-dependent insulinotropic peptide; GLP-1, glucagon-like peptide-1; N/A, data not available; PYY: peptide tyrosine-tyrosine.

health, in consumers with or without cardiometabolic risk
factors.

Sucralose Consumption During Pregnancy and
Lactation

Sucralose persists in the bloodstream for >18 h after
ingestion (50); during pregnancy, it can thus reach the
placenta and developing fetus for prolonged periods. Su-
cralose and other LCSs have also been detected in breast milk
(25). Together, these findings raise questions regarding the
potential health impacts of maternal sucralose consumption
during gestation and breastfeeding on the health of the
fetus and infant, respectively. Indeed, exposure to LCSs
during gestation or infancy has been suspected to induce
long-term effects, with predisposition to metabolic disease
being acquired or “programmed” early in life (65). In
humans, regular consumption of LCSs by pregnant women
has been associated with an elevation in BMI in their
children (145). More specifically, the authors described
how sucralose consumption by pregnant dams induced
subsequent elevations in body weight, adiposity, and insulin
resistance in their offspring, especially in males. Notably, in
this same study, data from both a culture model of adipocyte
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differentiation (3T3-L1) and adipose tissue from offspring
revealed upregulation of several proadipogenic regulators
(e.g., CCAAT/enhancer binding protein alpha, fatty acid-
binding protein 4, and fatty acid synthase) in conditions
that had been exposed to sucralose, suggesting that sucralose
could directly target adipose tissue. These morphological
and metabolic disturbances induced by early-life sucralose
exposure could potentially explain microbiota disturbances
in the offspring. Indeed, 2 recent studies described micro-
biota dysbiosis induced by maternal sucralose consumption,
one focusing on the effect of sucralose alone (146) and
the other on sucralose mixed with another popular high-
intensity sweetener, acesulfame-K (147). The first study
demonstrated that maternal sucralose consumption signifi-
cantly inhibited intestinal development and disrupted barrier
function in 3-wk-old offspring. Furthermore, a high-fat diet
combined with sucralose consumption exacerbated hepatic
steatosis, disturbed fatty acid biosynthesis and metabolism,
and induced gut dysbiosis in the progeny. Finally, mater-
nal sucralose consumption promoted low-grade intestinal
inflammation and significantly changed the compositions
and diversity of the gut microbiota, including a reduction in
butyrate-producing bacteria and cecal butyrate production



with downregulation of G-protein-coupled receptor 43, an
important regulator of inflammatory responses (146). These
results were consistent with the second study, which showed
a downregulation of hepatic detoxification mechanisms and
changes in bacterial metabolites. Indeed, the microbiome
profiling confirmed a significant increase in firmicutes and
a striking decrease of Akkermansia muciniphila (147). The
growing body of evidence surrounding the long-term effects
of LCS consumption during pregnancy and throughout the
postpartum period on the offspring requires further experi-
mental and clinical studies. The findings from these studies
could better inform not only concerned women, but also
health organizations, dietary guidelines, and practitioners.

Conclusions

Due to several challenges in separately examining the mech-
anisms and impact of specific LCSs, most of the scientific
literature, especially epidemiological studies, treats LCSs as
a large family of molecules. Nevertheless, it is mandatory
to remember that each variety of LCS differs markedly
in its chemical structure, pharmacokinetic profile, and,
more importantly, in its pharmacological activity. Because
sucralose is one of the most widely used LCSs in food
and drinks worldwide, this review focused on the specific
effect of habitual sucralose consumption on cardiometabolic
health (Figure 2). Although LCSs, including sucralose,
target the same cellular receptors (i.e., TASIR2/TASIR3,
TAS1R3/TASIR3, and TAS2Rs), they have different affinities
to those receptors, and an individual LCS such as sucralose
can also behave as a biased agonist. Thus, sucralose is
a specific pharmacological agent inducing its own phys-
iological and pathological responses. Although, as noted
earlier, sucralose has been detected in human plasma and
breast milk, little is currently known about the distribution
of sucralose in nondigestive tissues. This remains a key
question to be addressed to better understand the effect
of sucralose consumption on human health. Consequently,
further research is needed to clarify what concentration of
sucralose can be consumed before it has the potential to reach
the bloodstream and thus directly act on the cardiovascular
system. Noting this, prospective blinded clinical trials and
preclinical studies are important to decipher the underlying
mechanisms explaining the conflicting results regarding the
metabolic and cardiovascular effects of sucralose consump-
tion observed in animal and human studies. Altogether, the
available data identified in this present review raise serious
concerns, and strongly suggest that more research is needed
to assess the potential adverse health impacts of habitual
sucralose consumption and its role in increasing lifelong
cardiometabolic disease risk.
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