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Do non-nutritive Sweeteners (NNS) 
modulate the gut microbiome 

to metabolically impact the host?
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Data Fig. 8c). Similar to the composition of the saccharin-supplemented
anaerobic culture, germ-free recipients of this cultured configuration
featured over-representation of members of the Bacteroides genus, and
under-representation of several Clostridiales (Fig. 3b and Supplemen-
tary Table 5).

Shotgun metagenomic sequencing analysis revealed that in vitro
saccharin treatment induced similar functional alterations to those
found in mice consuming commercial saccharin (Fig. 4c, P , 1024),
with glycan degradation pathways being highly enriched in both set-
tings. Other pathways highly enriched in both settings included those
involved in sphingolipid metabolism, previously shown to be over-
represented in microbiomes of non-obese diabetic mice23, and com-
mon under-represented pathways included glucose transport (Fig. 3c
and Extended Data 7c, right column).

Collectively, these results demonstrate that saccharin directly mod-
ulates the composition and function of the microbiome and induces

dysbiosis, accounting for the downstream glucose intolerance pheno-
type in the mammalian host.

NAS in humans associate with impaired glucose
tolerance
To study the effect of NAS in humans, we examined the relationship
between long-term NAS consumption (based on a validated food fre-
quency questionnaire, see Methods) and various clinical parameters
in data collected from 381 non-diabetic individuals (44% males and
56% females; age 43.3 6 13.2) in an ongoing clinical nutritional study.
We found significant positive correlations between NAS consump-
tion and several metabolic-syndrome-related clinical parameters (Sup-
plementary Table 6), including increased weight and waist-to-hip ratio
(measures of central obesity); higher fasting blood glucose, glycosylated
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Figure 3 | Saccharin directly modulates the microbiota. a, OGTT of germ-
free mice 6 days following transplantation with saccharin-enriched or control
faecal cultures (N 5 10 and N 5 9, respectively). Symbols, means; error bars,
s.e.m. **P , 0.01, ***P , 0.001, ANOVA and Bonferroni post hoc analysis.
Experiments were repeated twice. b, Taxa representation in germ-free mice
from a. O, order; G, genus; S, species. c, Comparison of KEGG pathway
abundance between W11 saccharin-consuming mice (compared to W0, x axis)
and germ-free mice transplanted with microbiomes anaerobically cultured
with 5 mg ml21 saccharin (compared to PBS, y axis).
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Figure 4 | Acute saccharin consumption impairs glycaemic control in
humans by inducing dysbiosis. a, HbA1C% of high NAS consumers (N 5 40)
versus non-consumers (N 5 236). **Rank sum P value , 0.002. b, Daily
incremental area under the curve (iAUC) of OGTT in 4 responders (R) and 3
non-responders (NR). c, d, OGTT of days 1–4 versus days 5–7 in 4 responders
(c) or 3 non-responders (d). e, PCoA of 16S rRNA sequences from responders
(N samples 5 16) versus non-responders (N 5 9) during days 1–4. f, Order-
level relative abundance of taxa samples from days 1 and 7 of responders and
non-responders. g, h, OGTT in germ-free mice (N 5 6) 6 days following faecal
transplantation of D1 or D7 samples of responder 1 (R1, g) or non-responder 3
(NR3, h). Symbols, means; error bars, s.e.m. *P , 0.05, **P , 0.01, ANOVA
and Bonferroni post hoc analysis.
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Extended Data Figure 8 | Saccharin directly modulates the microbiota.
a, Experimental schematic. b, Relative taxonomic abundance of anaerobically
cultured microbiota. c, AUC of germ-free mice 6 days following transplantation

with saccharin-enriched or control faecal cultures (N 5 10 and N 5 9,
respectively). Horizontal lines, means; error bars, s.e.m. **P , 0.01, unpaired
two-sided Student t-test. The experiment was repeated twice.
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Extended Data Figure 8 | Saccharin directly modulates the microbiota.
a, Experimental schematic. b, Relative taxonomic abundance of anaerobically
cultured microbiota. c, AUC of germ-free mice 6 days following transplantation

with saccharin-enriched or control faecal cultures (N 5 10 and N 5 9,
respectively). Horizontal lines, means; error bars, s.e.m. **P , 0.01, unpaired
two-sided Student t-test. The experiment was repeated twice.
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Personally tailored diets  reduce 
the post-prandial glucose response



Current microbiome treatment approach
AN INTERVENTIONAL RANDOMIZED CLINICAL TRIAL
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Personally tailored diets  reduce 
the post-prandial glucose response

Does human NNS consumption
alter the gut microbiome and 

associated systemic metabolites? 
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Personally tailored diets  reduce 
the post-prandial glucose response

Does NNS-induced dysbiosis 
associate with the changes

in glycemic responses?



SUCRALOSE-INDUCED MICROBIOME FEATURES 
CORRELATE WITH ALTERED GLYCEMIC RESPONSES



SUCRALOSE-INDUCED MICROBIOME FEATURES 
CORRELATE WITH ALTERED GLYCEMIC RESPONSES



Personally tailored diets  reduce 
the post-prandial glucose response

Do NNS-induced human microbiome
alterations drive glycemic responses?



Current microbiome treatment approach
FECAL MICROBIOME TRANSPLANTATION
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DO NOT DEVELOP GLYCEMIC ALTERATIONS
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GF RECIPIENTS OF ‘RESPONDER’ CONTROL GROUP 
DO NOT DEVELOP GLYCEMIC ALTERATIONS

Least respondersTop responders
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GF RECIPIENTS OF TOP SUCRALOSE ‘RESPONDERS’ 
DEVELOP GLYCEMIC ALTERATIONS

Least respondersTop responders
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GF RECIPIENTS OF TOP ASPARTAME ‘RESPONDERS’ 
DEVELOP GLYCEMIC ALTERATIONS

Least respondersTop responders
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GF RECIPIENTS OF TOP AND BOTTOM SACCHARIN
‘RESPONDERS’ DEVELOP GLYCEMIC ALTERATIONS

Least respondersTop responders



Personally tailored diets  reduce 
the post-prandial glucose response

Can baseline microbiome distinguish 
between top and least NNS responders 

(sucralose as an example)?
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Saccharin Sucralose Stevia

Aspartame
Glucose
vehicle NSC

Saccharin Sucralose Stevia

Aspartame
Glucose
vehicle NSC

mixed-effects ANOVA (P<0.0001) mixed-effects ANOVA (P=NS)

GF RECIPIENTS OF TOP SUCRALOSE ‘RESPONDERS’ 
DEVELOP GLYCEMIC ALTERATIONS

Least respondersTop responders





BASELINE MICROBIOME DIFFERENCES BETWEEN MOUSE 
RECIPIENTS OF TOP AND LEAST RESPONDERS (SUCRALOSE)
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RECIPIENTS OF TOP AND LEAST RESPONDERS (SUCRALOSE)



Glycolysis Sucrose degradation Glycogen degradation

BASELINE MICROBIOME DIFFERENCES BETWEEN MOUSE RECIPIENTS 
OF RESPONDERS AND NON-RESPONDERS (SUCRALOSE)
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• NNS alter the gut microbiome
• NNS alter the systemic metabolome

• NNS are not inert to the human body

• NNS may alter glycemic responses

• Saccharin/Sucralose>> Asp and Stevia

• NNS-induced dysbiosis contributes to 
glycemic alterations

• Microbiome effects are personalized &
may be predictable at baseline

OUR ‘PERSONALIZED NNS’
WORKING HYPOTHESIS
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