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Dear Editors,

The Letter to the Editor by Drs. Susan S. Schiffman and H. Troy
Nagle, which was submitted in response to our publication that re-
viewed the published data on low/no-calorie sweeteners (LNCS) and
the gut microbiota (Lobach et al., 2019), primarily challenges 2 state-
ments made within our article. The first statement, as written in the
conclusion of our article, is that “studies of LNCS establish no clear
evidence of any adverse effect on the gut microbiota at doses relevant to
human use”. The second statement relates to the overall safety of LNCS:
“The safety databases that have been developed over decades for ace-
sulfame K, aspartame, saccharin, sucralose, and steviol glycosides,
which are structurally unrelated, indicate that these low or no-calorie
sweeteners as a group, or individually, pose no safety concerns at their
currently approved levels”. We have critically reviewed the comments
related to these 2 statements in the Letter to the Editor from Drs.
Schiffman and Nagle and provide a response to their remarks in the
paragraphs that follow.

1. Response to statement 1: No clear evidence of adverse effects of
LNCS on the gut microbiota at exposures relevant to human use

The purpose of our review article (Lobach et al., 2019) was to assess
the data and information present in the scientific literature reporting
evaluation of the effects on the gut microbiota and the potential for
associated adverse health outcomes following exposure to the majority
of currently permitted LNCS. Since we were primarily interested in the
relevance of such reports to human dietary exposures, we focused on
evaluating studies of a nonclinical or clinical nature, whereby doses of
the sweeteners could be related to the acceptable daily intakes (ADIs)
established by regulatory authorities such as the United States Food and
Drug Administration (U.S. FDA). In vitro studies were excluded due to

the limitations in directly extrapolating concentrations used in
benchtop experiments to human exposure levels, which in general
provide non-validated techniques both from a scientific and regulatory
perspective. The search strategy employed identified relevant publica-
tions on several approved LNCS including acesulfame potassium (ace-
sulfame K), aspartame, cyclamate, neotame, saccharin, sucralose, and
rebaudioside A. The data for each LNCS were evaluated independent
from the others, as these compounds are structurally diverse and be-
have very differently from a pharmacokinetic perspective. This point
was highlighted within the Schiffman and Nagle Letter to the Editor but
then focused only on the LNCS sucralose, while failing to highlight how
the differences in pharmacokinetics and metabolism could impact the
gut microbiome. As clearly identified in our original article, some LNCS
are digested to metabolites that are absorbed prior to reaching the
lower gastrointestinal tract (e.g, aspartame), some are absorbed un-
changed in the upper gastrointestinal tract (e.g, acesulfame K and
saccharin), whereas others can reach the lower gastrointestinal tract
unchanged (e.g, sucralose, steviol glycosides, and cyclamate)
(Magnuson et al., 2016). Thus, the opportunity for different LNCS to
directly interact with the gut microbiota varies greatly and a sweetener
class effect is not scientifically supported. Contrary to this under-
standing (based upon differences in pharmacokinetics), Suez et al.
(2014) concluded that all LNCS induce glucose intolerance through
modulation of the gut microbiota, when in fact saccharin was the only
LNCS for which a direct measure of the gut microbiome was obtained,
and this was done in a very small clinical study with only 7 subjects.
Furthermore, no control group was included in this study and evalua-
tion of the gut microbial data did not adhere to standard practices.
Glycemic responses were utilized to separate the 7 subjects into a group
of “responders” and “nonresponders” and the authors reported that
after 7 days of saccharin exposure the microbiome distribution between
the 2 groups was different. Prior to saccharin exposure, however, the
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“responders” and “nonresponders” already had significantly different
gut microbial distributions, so the significance of the authors associa-
tion between saccharin exposure and gut microbiota modulation is
questionable, let alone extending this conclusion to encompass all
LNCS. Following comprehensive evaluation of the Suez et al. (2014)
study, as well as 16 others deemed relevant to our assessment, we
identified several common critical shortfalls in the design of both the
nonclinical and clinical studies reviewed, which directly impacted the
ability to relate study outcomes on the gut microbiota to humans in the
context of expected daily exposure through the food supply. These
common shortcomings included confounding factors such as the lack of
isocaloric control groups, as dietary factors are key drivers of the
composition of the gut microbiota (Muegge et al., 2011; Wu et al.,
2011; David et al., 2014; Graf et al., 2015), and factors limiting ex-
trapolation of findings to humans, such as the use of LNCS doses that
were in excess of the currently established ADIs. Of the 17 relevant
publications identified in our literature search, only 1 publication re-
porting studies on sucralose and acesulfame K in mice was determined
to be free of both confounding and dose-extrapolation limiting factors.
This study was conducted by Uebanso et al. (2017) and reported (a) a
dose dependent decrease in fecal Clostridium IVXa in mice that con-
sumed 1.5 or 15 mg sucralose/kg body weight/day for 8 weeks; and (b)
no changes in the gut microbiota of mice that consumed 15 mg ace-
sulfame K/kg body weight/day for 8 weeks. Although this study reports
a change in one microbial population in the mouse gut following ex-
posure to sucralose at a dose equivalent to the human ADI, there is no
evidence that this change is associated with an actual adverse effect on
human health, particularly when considering that only 4% of the bac-
terial genes in the human and murine intestinal tracts share consider-
able identity (Hugenholtz and de Vos, 2018). A change in the gut mi-
crobiota cannot automatically be considered synonymous with an
adverse health effect. Several other studies in rodents were also found
to report changes in the gut microbiota following sucralose exposure
(Abou-Donia et al., 2008; Suez et al., 2014; Bian et al., 2017; Farzi
et al.,, 2017; Olivier-Van Stichelen et al., 2017; Rodriguez-Palacios
et al., 2018), as pointed out in the Letter to the Editor from Drs.
Schiffman and Nagle, however, we determined that none of these
findings could be attributed to sucralose alone due to the presence of at
least one confounding factor in each study (see Table 1 in Lobach et al.,
2019). Briefly, doses in excess of the ADI limit the relevance to human
sucralose exposure in the mouse studies conducted by Suez et al. (2014)
[doses ~100 X the sucralose ADI] and Wang et al. (2018) [~300 to
600 x ] and possibly Bian et al. (2017) [at a minimum of 2 X ]. Although
not included in our review since it was published following submission
of our manuscript, Wang et al. (2018) administered about 1.5 and 3.3
g/kg body weight/day to C57BL/6 mice (n = 8/group) in the diet for 8
weeks. These doses were calculated by the authors to be “roughly 300
to 600 times higher than the recommended average daily intake (5 mg/
kg/d) for humans”. As such, the reported changes in the gut microbiota
by Wang et al. (2018) cannot be extrapolated to the human scenario.
Common confounding factors in the sucralose studies, as well as studies
with other LNCS, included the lack of food consumption data to confirm
an isocaloric diet. In fact, in Drs. Schiffman and Nagle's Letter to the
Editor, as part of the detailed discussion on the Abou-Donia et al.
(2008) Splenda® study in rats, it is stated that “The minor variations in
food and fluid intake across groups were dominated by the massive
effects of sucralose/Splenda® on bacteria counts”. However as reported
in the study publication, body weight gain in 3 of the 4 Splenda® groups
(i.e., the 100, 300, and 500 mg/kg/day dose groups, but not the 1000
mg/kg/day group) was not equivalent to the water control group
(Abou-Donia et al., 2008). Differences in body weight between groups
implies differences in food intake, which will impact the microbiota
since diet alone is known to be the biggest single contributor to mi-
crobiome changes in the gut (Muegge et al., 2011; Wu et al., 2011;
David et al., 2014; Graf et al., 2015). Differences in food intake would
therefore significantly confound any measures of the gut microbiota.
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Furthermore, given that Splenda® is a mixture of primarily mal-
todextrin (93.59%) and glucose (1.08%) with a small percentage of
sucralose (1.10%), in the absence of data from control groups that were
exposed to each component of Splenda®, it is not possible to attribute
the reported changes in gut microbiota to sucralose alone since the
single control group consumed water only. This comment also applies
to the Splenda® study in mice by Rodriguez-Palacios et al. (2018).
Changes in the amount and/or type of carbohydrate consumed in the
human diet (Clarke et al., 2012; Singh et al., 2017; Gentile and Weir,
2018) and also in the rodent diet (Noble et al., 2017; Kovatcheva-
Datchary et al., 2019) has been shown to influence the composition of
the gut microbiota thereby reinforcing the necessity for maltodextrin
control groups in both the Abou-Donia et al. (2008) and Rodriguez-
Palacios et al. (2018) studies. With respect to the sucralose data, for
these reasons combined, it was not deemed scientifically appropriate to
extrapolate to humans any of the gut microbiota changes reported by
Abou-Donia et al. (2008) as well as the other sucralose animal studies.
Only the one sucralose study in mice by Uebanso et al. (2017) reported
a change in the gut microbiome at a relevant dose that could be directly
attributed to sucralose exposure, but there is no evidence that this
change in mice is translatable to an actual adverse effect in humans. To
date, there have been no human data published on sucralose that report
any direct effects on the gut microbiota. This is supported by the opi-
nion published by the European Commission's Scientific Committee on
Food on sucralose, in which the stability, metabolism, and effects on gut
microflora were evaluated. It was concluded by the Committee that
“the structure of the molecule is such that it is extremely resistant to
hydrolysis” and “metabolic adaptation in humans was highly unlikely”
(SCF, 2000a). With respect to the other regularly accepted LNCS that
we reviewed, each compound was evaluated independently as per the
sucralose example above, and the data collectively support our con-
clusion that there is no clear evidence suggesting that acesulfame K,
aspartame, cyclamate, neotame, saccharin, sucralose, or rebaudioside A
adversely impact the gut microbiota when consumed by humans at
approved levels in the diet.

2. Response to statement 2: acesulfame K, aspartame, saccharin,
sucralose, and steviol glycosides pose no safety concerns at their
currently approved levels

Based on our review of the scientific literature reporting evaluation
of the in vivo effects on the gut microbiota following consumption of
several approved LNCS, we did not find any evidence of adverse health
effects in humans. This is in line with the approvals issued by the in-
ternational regulatory authorities, including for example the U.S. FDA,
the Joint FAO/WHO Expert Committee on Food Additives (JECFA), the
European Food Safety Authority (EFSA), Health Canada, Food
Standards Australia New Zealand (FSANZ), and the Japan Ministry of
Health, Labour & Welfare, that permit the addition of various LNCS in
human food and beverage products at use levels that have been de-
termined to be safe. LNCS, such as acesulfame K, aspartame, saccharin,
sucralose and steviol glycosides, have been safely consumed as low or
no-calorie sweetener alternatives to sugar for decades worldwide. Drs.
Schiffman and Nagle in their Letter to the Editor, however, have chal-
lenged the safety of all LNCS and proclaim that these sweeteners are not
safe at levels approved by regulatory agencies. Where our publication
comprehensively looked at the data for all the currently approved
LNCS, Drs. Schiffman and Nagle support their generalized safety chal-
lenge of all LNCS by focusing on only one sweetener, sucralose, pro-
viding no data for any other LNCS. This is in direct contrast with the
statement in their Letter that “LNCS are structurally diverse and vary
widely in pharmacokinetics. Therefore, it is inappropriate to draw
generalized conclusions regarding effects on gut microbiota and safety
for this diverse group of chemicals.” Despite this, Drs. Schiffman and
Nagle only reported on and referenced one sweetener to support their
position that all LNCS are unsafe.
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The consumer safety of sucralose was specifically challenged in Drs.
Schiffman and Nagle's Letter by reference to several specific reports in
the public domain but lacked a comprehensive approach by excluding
consideration of the extensive safety database that has been established
for sucralose. The safety of sucralose was first reviewed 30 years ago by
JECFA (JECFA, 1989). The sucralose safety database at that time in-
cluded numerous pharmacokinetic and metabolic studies in animals
and humans, extensive toxicological evaluations encompassing muta-
genicity, acute, subchronic, chronic, carcinogenicity, reproduction,
teratogenicity, neurological and mineral utilization studies, and 2
human studies, one of which was a randomized controlled trial con-
ducted for 13 weeks in healthy subjects. Based on these data and ad-
ditional studies that were provided to the Committee in 1991 (e.g,
additional toxicological studies), JECFA established an ADI for sucra-
lose of 0-15 mg/kg body weight (JECFA, 1991). Subsequent to this,
several other regulatory authorities conducted their own independent
reviews of sucralose safety and approved the use of the sweetener in
various food and beverage products, including the U.S. FDA (1998,
1999), the Japan Ministry of Health, Labour & Welfare (JECRF, 1999),
EFSA (SCF, 2000a), FSANZ in 1993 (FSANZ, 2019), and Health Canada
in 1991 (2019). Pharmacokinetic and metabolic studies in both animals
and humans have consistently demonstrated that following oral inges-
tion sucralose is poorly absorbed and excreted primarily unmetabolized
in the feces, with small amounts excreted in the urine as glucuronide
conjugates (JECFA, 1989, 1991; John et al., 2000; Roberts et al., 2000;
Sims et al., 2000; Wood et al., 2000). The uniformity of sucralose
pharmacokinetics and metabolism across several species confirm that
the safety studies that have been conducted in animals are re-
presentative models for sucralose exposure in humans.

Sucralose continues to be the subject of several preclinical and
clinical investigations. The current literature on sucralose safety has
been critically reviewed in a recent publication by Magnuson et al.
(2017), which includes several of the studies that were referenced in
the Letter to the Editor from Drs. Schiffman and Nagle challenging
sucralose safety. In contrast to the 4 citations in their Letter reporting
alteration of metabolic function in humans following sucralose con-
sumption, the review by Magnuson et al. (2017) identified a total of 19
clinical studies that investigated metabolic function, including effects
on blood glucose, insulin, and/or incretin levels. These included 12
single dose studies in healthy adults (Ma et al., 2009, 2010; Brown
et al., 2009, 2011; Steinert et al., 2011; Ford et al., 2011; Wu et al.,
2012, 2013; Stellingwerff et al., 2013; Temizkan et al., 2015; Ibero-
Baraibar et al., 2014; Sylvetsky et al., 2016), 4 single dose studies in
diabetic and prediabetic obese adults (Mezitis et al., 1996; Brown et al.,
2012; Temizkan et al., 2015; Pepino et al., 2013), and 3 repeated dose
studies in diabetic subjects (SCF, 2000b; Grotz et al. (2003); Reyna et al.
(2003). Following ingestion of a glucose load, only 1 of the 19 clinical
studies reported an increase in plasma glucagon-like peptide-1 (GLP-1)
area under the curve that was directly attributable to sucralose, how-
ever, in this same study no statistically significant concomitant increase
in absolute GLP-1 blood levels was reported (i.e., GLP-1 blood levels
were unchanged) (Temizkan et al., 2015). The totality of the clinical
evidence reviewed by Magnuson et al. (2017) supports the lack of any
adverse effect of sucralose on blood glucose control in both normo-
glycemic and hyperglycemic human populations. With respect to the
carcinogenic potential of sucralose, in contrast to the 1 study cited in
the Letter to the Editor from Drs. Schiffman and Nagle, which reported
neoplastic lesion formation in mice exposed to sucralose using a life-
time study design, the lack of genotoxicity of sucralose is strongly
supported by over 10 in vitro genotoxic toxicology investigations (see
Table 4, Magnuson et al., 2017) and two 104-week carcinogenicity
studies in mice and rats that were conducted according to Good La-
boratory Practices using validated U.S. FDA Redbook protocols (Mann
et al., 2000a,b). Likewise, with respect to neurotoxicity, Drs. Schiffman
and Nagle's Letter to the Editor cited 1 study reporting neurobehavioral
effects in rats exposed to sucralose, whereas Magnuson et al. (2017)
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identified a total of 4 neurotoxicity investigations, all of which reported
a lack of neurotoxic effects in the following: adult mice exposed to
sucralose for 21 days, adult monkeys exposed for 28 days, young mice
exposed to sucralose on Postnatal Days 8-12, and adult mice exposed to
sucralose on Postnatal Days 8-12 (Finn and Lord, 2000; Viberg and
Fredriksson, 2011). With regard to the immunotoxic concerns raised,
the potential for immunological effects associated with sucralose ex-
posure has been previously evaluated in a 28-day study in rats that
adhered to the Tier-I US National Toxicology Guidelines. No effects of
sucralose on the lymphoid organs or immune function were reported at
up to the highest dose tested (3000 mg/kg body weight/day), which
included evaluation of immunoglobulin levels in the serum, immune
cells present in the spleen (lymphocytes and natural killer cells), im-
mune organ weight and histology (spleen and thymus), and bone
marrow cell counts and pathology (SCF, 2000b). In response to the
citations in Drs. Schiffman and Nagle's Letter to the Editor related to
sucralose metabolism and breakdown, as discussed above, sucralose is a
poorly absorbed substance that is primarily excreted through the feces
unmetabolized, with small portions excreted in the urine as glucuronide
conjugates (JECFA, 1989, 1991; John et al., 2000; Roberts et al., 2000;
Sims et al., 2000; Wood et al., 2000). No metabolites consistent with
cytochrome P450-mediated metabolism of sucralose have been identi-
fied, supporting that sucralose is not subjected to biotransformation
throughout the gastrointestinal tract. The biological inertness of su-
cralose along with its lack of bioaccumulation are supported by long
term studies, such as an 18-month study in rats, which showed that
percent excretion of [**C] sucralose in the feces and urine was un-
changed over 18 months of oral exposure (Sims et al., 2000). Studies in
various food matrices, one of which has been published (Barndt and
Jackson, 1990), have shown sucralose to be thermally stable under
intended conditions of use. Reports of degradation of sucralose (Rahn
and Yaylayan, 2010; BfR, 2019), as cited by Drs. Schiffman and Nagle,
either used temperatures or experimental systems of little to no re-
levance to the use of low levels of sucralose in food.

When the totality of the data on sucralose is critically assessed as a
comprehensive package, it is evident that sucralose is safe for human
consumption at levels currently approved by scientific and regulatory
agencies across the globe, such as JECFA, the U.S. FDA, EFSA, Health
Canada, FSANZ, and the Japan Ministry of Health, Labour & Welfare,
and all these regulatory groups continue to support the safety of this
LNCS.

3. Conclusion

We conclude that the Letter to the Editor authored by Drs.
Schiffman and Nagle does not provide sufficient evidence to challenge 2
statements made within our review titled “Assessing the in vivo data on
low/no-calorie sweeteners and the gut microbiota”, namely, that (i)
review of the current literature provided no clear evidence of any ad-
verse effects of any LNCS, including sucralose, on the gut microbiota at
doses relevant to human exposure; and (ii) acesulfame K, aspartame,
saccharin, sucralose, and steviol glycosides pose no safety concerns at
their currently approved levels. While Drs. Schiffman and Nagle in-
dicate that both of these statements are incorrect, it is clear that this is
not a viewpoint that is accepted by any of the international regulatory
agencies, all of whom continue to support the safety of the ingredients
both individually and as a class of food additive.
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