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ABSTRACT
Purpose of Research: This  study aims to evaluate the impact  of  various artificial  sweeteners on gut
microbiota and their potential health implications.

Research  Materials  and  Methods:  A  literature  review  was  conducted  using  PubMed,  focusing  on
keywords such as gut microbiota, artificial sweeteners, non-nutritive sweeteners, and intestinal microbiota.
The review includes descriptions of sweeteners like aspartame, sucralose, saccharin, acesulfame K, and
stevia, as well as their metabolism and effects on the human body.

Primary Results: Artificial sweeteners can disrupt gut microbiota balance, reducing beneficial bacteria like
Bifidobacterium and Lactobacillus while increasing pathogenic bacteria such as Clostridium difficile and  E.
coli.  Clinical  trials  show  mixed  results,  with  some  studies  indicating  significant  changes  in  microbiota
composition and diversity, while others show no substantial effects. Differences influence the variability in
study outcomes in participants' initial microbiota composition, lifestyle, and dietary habits.

Conclusions: Artificial sweeteners impact gut microbiota, but the extent and nature of these effects still
need to be fully understood. Further standardized, long-term research is required to clarify these effects and
determine whether the benefits of artificial sweeteners outweigh potential risks to gut health. Advanced
research methods like metagenomics and next-generation sequencing will enhance our understanding of
artificial sweeteners' interaction with gut microbiota, aiding in comprehensive health assessments.

Keywords:  gut  microbiota,  artificial  sweeteners,  non-nutritive  sweeteners,  intestinal  microbiota,
aspartame, sucralose, saccharin, acesulfame K, stevia
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Artificial sweeteners are chemical compounds used as sugar substitutes; they are becoming more popular
due to their low or no-calorie content and growing health awareness. Various artificial sweeteners are used;
the most common examples are aspartame, sucralose, saccharin, acesulfame K, and stevia.

They are used to substitute sugar, especially in the fight against obesity, diabetes type 2, and cardiovascular
diseases.  Companies  started  promoting  “light,”  “zero  sugar,”  and  “diet”  labeled  products  with  artificial
sweeteners as healthy substitutes. These products are becoming more popular worldwide, not only among
people from sports environments. Artificial sweeteners allow the producers of sweet snacks to lower calorie
content. Sweet drinks are increasingly rich in sweeteners such as aspartame, saccharin, acesulfame-k, and
sucralose. Moreover, it allows producers to maintain the taste, which was known for years. The growing
market for dietary supplements, protein snacks, and protein supplements has significantly contributed to
the increase in the popularity of these substances. Because of their widespread use, their impact on health
is the subject of scientific research and debate. We want to focus on the impact of these substances on the
gut microbiota.

AIM OF THE STUDY
This study aims to evaluate the effects of various artificial  sweeteners on the gut microbiota and their
potential  health  implications.  By  conducting  a  comprehensive  literature  review,  this  study  seeks  to
understand how artificial sweeteners such as aspartame, sucralose, saccharin, acesulfame K, and stevia
affect the composition and diversity of the gut microbiota, identify potential disruptions to the microbial
balance,  and  assess  human  health  consequences.  The  study  also  aims  to  highlight  the  need  for
standardized, long-term research to fully elucidate these effects and determine whether the benefits of
artificial sweeteners outweigh the potential risks to gut health.

METHODS
This article is a literature review based on publications on PubMed, using the keywords gut microbiota,
artificial sweeteners, non-nutritive sweeteners, and intestinal microbiota.

DESCRIPTION OF THE ARTIFICIAL SWEETENERS
We would like to briefly describe sweeteners, explain their metabolism and the studied impact on the human
body.

SUCRALOSE

It can lead to disturbances in carbohydrate metabolism and may increase appetite. It is absorbed at 15%
and is not metabolized.[18]

SACCHARIN

It is absorbed in the intestines at 85% and excreted unchanged. It affects bitter taste receptors. It may
cause carbohydrate disturbances and lead to weight gain.[18]

CYCLAMATE

It is not metabolized and is excreted unchanged, but in some individuals, it can be transformed by the gut
microbiome into  a  harmful  substance -  cyclohexylamine.  It  is  often combined with  saccharin  and also
stimulates bitter taste receptors.[23]

ASPARTAME

It is completely metabolized into amino acids and methanol. People with phenylketonuria must eliminate it
from their diet. Consumption may lead to hyperactivity, inflammation, intestinal dysbiosis, and increased
cortisol levels, and is potentially neurotoxic and carcinogenic.[18]

ACESULFAME K

It  is  fully  absorbed in  the intestines,  not  metabolized,  and excreted in  the urine.  It  negatively  affects
carbohydrate metabolism and increases appetite. It is often combined with aspartame.[18]

SORBITOL

It is partially absorbed and digested in the intestine. The unchanged portion is excreted in the urine, and
some of it is fermented in the colon by the microbiome, which may cause discomfort.[23]
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MANNITOL

It is partially absorbed in the intestine, not metabolized, and fully excreted by the kidneys. It has been
shown to have antitumor activity and is used as an osmotic agent in pharmacotherapy.[23]

XYLITOL

Partially absorbed in the small intestine and in the colon, it is broken down by bacteria into short-chain fatty
acids.  The absorbed portion is  metabolized in the liver  into glucose and lactic  acid.  It  has anti-caries,
antitumor, and antioxidant effects. Excess consumption can cause intestinal discomfort.[7]

ERYTHRITOL

It is mainly absorbed in the intestine. The kidneys excrete the unchanged form. Gut bacteria metabolize the
unabsorbed portion. It has antimicrobial and antitumor effects. Excessive consumption may cause intestinal
discomfort, but this occurs less frequently than other polyols due to its high absorption rate.[7]

STEVIA

It is not digested in the form of steviol glycosides but is metabolized by the microbiome into steviol and
glucose.  The  glucose  is  consumed  by  intestinal  bacteria.  A  small  portion  of  steviol  is  absorbed  and
metabolized in the liver, with the product being excreted by the kidneys and partially through the digestive
system. It has antiviral, anti-inflammatory effects, and positive effects on the microbiome.[18]

GUT MICROBIOTA: FUNDAMENTALS AND SIGNIFICANCE
The gut microbiota is a complex of bacteria, fungi, and protozoa. The main bacteria that make up the
microbiota are Prevotella, Ruminococcus, Bacteroidetes, and Firmicutes.[23] The last two account for over
90% of the microbiota population.[11] The relationships between the host and the microbiota elements are
based on commensalism and symbiosis.  Certain species are responsible for helping digest specific food
components; they also participate in immune processes and the production of vitamins.[15] Researchers
are increasingly focusing on changes in the gut microbiota and their impact on the development of various
diseases. Microbiota can be categorized as eubiosis, which means proper balance of bacteria, or dysbiosis,
which means an imbalance in the microbial community. The disbalance in the gut microbiota is linked with
an increased risk of opportunistic infections, carcinogenesis, inflammatory bowel disease, multiple sclerosis,
diabetes type 1 and type 2, autism, asthma, and allergies. [25,4,33,16,14]

FACTORS AFFECTING THE GUT MICROBIOME

Many factors, such as diet, lifestyle, and medications, can influence the gut microbiome. Factors present
from birth affect the development of the gut microbiota. The mode of delivery, the method of feeding the
newborn, the need for hospitalization after birth, and the medications used can all have an impact [24]. One
of the main factors influencing gut microbiota is diet, and scientists have been focusing on this subject for
years. The gut microbiota in healthy individuals is relatively stable, but long-term dietary changes can affect
it.[35]

For example, a high-fiber diet, which comes from whole grain products, vegetables, and fruits, promotes
Bifidobacterium and Lactobacillus [10] growth and decreases the number of Desulfovibrio, Klebsiella, and
other  opportunistic  pathogens.  Fatty  acid  intake  favors  Sutterella,  Tyzzerella,  and  Fusobacterium  [36]
growth. Polyphenols cause an increase in the amounts of Akkermansia muciniphila and Bifidobacterium and
Lactobacillaceae  in  the  gut  microbiota;  however,  reducing  the  number  of  pathogenic  bacteria  such  as
Escherichia coli, Clostridium perfringens, and Helicobacter pylori [26,27].

Lifestyle factors, including physical activity, stress, and sleep habits, also influence the gut microbiome.
Physical activity can reduce intestinal transit time, so the contact of pathogens with the mucous layer is
decreased. This reduces the risk of colorectal cancer, diverticulosis, and inflammatory bowel diseases [22].
Stress, especially chronic, can affect the autonomic nervous system, which is responsible for the functioning
of the intestines. This can lead to dysbiosis and leaky gut syndrome [17]. Sleep time is another crucial
factor. Total microbiome diversity is positively correlated with increased sleep efficiency and total sleep time
and  negatively  correlated  with  wake  after  sleep  onset  [28].  Antibiotic  use  can  lower  the  human
microbiome's diversity [6].

THE MECHANISM OF ACTION OF ARTIFICIAL SWEETENERS ON THE GUT
MICROBIOTA

Artificial sweeteners' impact on gut microbiota metabolism may have different effects. As for now, studies
have proved that  only a negligible  amount of  these can reach the intestines.  Some studies show that
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elements  of  the  microbiome  can  metabolize  non-nutritive  sweeteners  (NNs)  with  different  biological
impacts.[11] Some bacteria can use NNs as the carbon source to modulate their metabolic activity and
changes  in  short-chain  fatty  acid  production  (SCFA).[30]  The  SCFA  includes  acetate,  propionate,  and
butyrate, which can modify glucose metabolism [30] and have an anti-inflammatory effect. [9]

These sweeteners can reduce the abundance of beneficial  microbiome bacteria like Bifidobacterium and
Lactobacillus [3] or increase the amount of pathogenic bacteria like Clostridium difficile and E. Coli. [3] This
imbalance can lead to inflammation or infection and, as a result, modify the activation and variability of the
immune  system.  Inflammation  of  the  intestines,  a  potential  consequence  of  artificial  sweetener
consumption,  may  determine  the  occurrence  of  diseases  such  as  IBD.  Furthermore,  some  artificial
sweeteners  can  impact  hormone  and  neurotransmitter  release  in  the  gastrointestinal  tract,  which  can
influence motility and, as a result, the absorption of nutrients. NNs effect on increasing the level of bile
acids and inflammation was also proven. [20]

One study focused on the impact of artificial sweeteners on glucose tolerance. It concluded that glucose
tolerance  could  worsen  due  to  saccharin's  effect  on  gut  microbiota.[30]  This  finding  underscores  the
potential for artificial sweeteners to have a negative impact on metabolic health, a concern that should be
taken seriously.

Long-term prospective studies have shown that artificial sweeteners can lead to metabolic disorders like
obesity and cardiovascular diseases. [31] Polyols, which reach the large intestine, can cause flatulence and
diarrhea, depending on the dose.[34] Another potential side effect of these artificial sweeteners can be an
increase in the concentration of uric acid and lipids in the blood, underscoring the need for caution in their
consumption.

RESULTS OF SELECTION
We would like to present the results of clinical studies describing sweeteners' impact on the human body
and its gut microbiota.

ASPARTAME

We found two human clinical trials examining the effects of aspartame on the body and microbiome. The
first  one is  a  cross-sectional  study on humans,  published in  2015.  It  included 31 healthy people  with
medium BMI. These people made a list of food eaten for four days, and then stool samples were collected.
Twenty-four of the study participants did not eat aspartame, and the rest consumed it in the amount of
62,7mg daily on average. None of these people consumed saccharin. The stool examination showed that the
total amount of bacteria was the same in the people who consumed aspartame and acesulfame k compared
to participants who hadn't done it. Comparing the microbiome's diversity, it was more diverse in people who
were not consuming any of the NNs. The intake of calories, carbohydrates, and diet quality was checked to
ensure that the rest of the parameters of the participant's diet were similar. [13]

The second study focused on the direct influence of the NNs on fecal bacteria; it was checked in vitro.
Samples of feces from 13 healthy people who did not consume NNs were collected. The samples underwent
24-hour fermentation in cultures portioned with aspartame, sucralose, and stevia. The concentration of
these NNSs corresponded with acceptable intake of these substances. It was shown that the sample with
aspartame and maltodextrin achieved a significant increase in Bifidobacterium and Blautia coccoides and a
decrease in the Bacteroides/Prevotella ratio.[8]

A  study  by  the  Richardson  Centre  for  Food  Technology  and  Research  aimed  to  check  sucralose  and
aspartame on the biodiversity of the gut microbiota. Seventeen healthy participants were examined; they
had to follow the 12-week nutrition plan. For four weeks, they hadn't consumed any NNSs; in the 5th and
6th weeks, they were divided into two groups, who had a diet containing one of the NNs, aspartame or
sucralose. In the next three weeks, they had the diet without any NNs, and then in the last two weeks,
everyone had one new NNs introduced to the diet. Feces samples underwent an examination in search of
short-chain fatty acids and microbiota changes. There were no significant differences in the results. [1]

On the other hand, one multi-frame randomized trial  had different results. A group of 120 people was
examined before the trial, and then the NNs were introduced into the diet. Then, people were reviewed after
the 7th and 14th day of the trial. After that, the NNs intake was stopped, and intensine and oral cavity
microbiota were examined. Then, the group was divided into six groups of 20 people; 4 groups received one
of the NNs - saccharin, aspartame, sucralose, or stevia. Two groups were control groups - one received 5g
of glucose per day, and the second received no sweetener. Results showed a significant difference in gut
microbiota in the examined group compared to the control group. Aspartame's influence on the microbiota
in  the  oral  cavity  was  also  proven;  it  lowered  the  abundance  of  Porphyromonas  and  Prevotella
nanceiensis.[29]

SUCRALOSE
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In 2019, researchers conducted the first study focusing on the evaluation of the gut microbiota in healthy
individuals who consumed sucralose. They divided the participants into two groups - one received 780mg of
NNS daily, and the second one received a placebo. After seven days, a control examination was performed.
Scientists did not observe any change in microbiota, glycemic level, and insulin resistance. [32] In another
randomized trial that focused on sucralose, there was no evidence of change in the gut microbiota. [1]

However,  another study,  where samples of  stool  underwent fermentation along with 5mg/kg sucralose,
resulted in the growth of Bifidobacterium and Blautia coccoides, and a reduced Bacteroides/Prevotella ratio.
An increase in SCFA was observed. [8]

A 2022 study was performed on 47 people, divided into two groups - one who consumed 60ml of water, and
the second one who drank 60ml of water with the addition of 48mg sucralose for ten weeks. After this time,
there was no difference in the abundance of Actinobacteria, Bifidobacterium longum, and Bacteroidetes in
both groups. A lower amount of Firmicutes was observed in the second group, but it was not significantly
different from the control group. The study group had an increase of Blautia coccoides.[19]

Another study emerged that  the group consuming 0,102g/d of  sucralose and 5,9g/d of  glucose had a
difference in  the gut  and oral  cavity  microbiota  compared to  the control  group,  which consumed only
glucose. [19]

SACCHARIN

We found one study conducted on seven healthy individuals who consumed saccharin in the amount of
5mg/kg of  body weight  for  six  consecutive days.  Other NNs and additional  portions of  saccharin were
eliminated. In 4 people, glucose intolerance was observed at the end of the study. Changes in the gut
microbiota configuration were observed in these four individuals compared to the samples from the rest of
the group. In these four people, a 20-times increase of Bacteroides fragilis (Bacteroidales) and Weissella
cibaria  (Lactobacillales)  and  a  10-times  lowering  of  Candidatus  arthromitus  (Clostridiales)  emerged.  It
suggests  that  the response to  the introduction of  NNs can differ  because of  the difference in  the gut
microbiota. [30]

ACESULFAME-K

There are not many studies that focus on the acesulfame-K effect on the gut microbiota. We found only a
few recent studies conducted on mice. In one study, the intake of acelsufame-K had different impacts on
male and female mice.  In males,  an increased abundance of  Bacteroides was observed. In females,  a
reduced amount of Lactobacillus and Clostridium, along with an increased amount of Mucispirillum, was
observed.

We  found  only  one  study  conducted  on  humans,  which  resulted  in  no  significant  differences  in  the
microbiome between the control and study groups. [5]

DISCUSSION AND CONCLUSIONS
As collected data shows, some conclusions are contradictory. Studies differ in the amount of participants,
lifestyle, and dietary habits, which influence initial gut microbiota. Differ compositions can result in different
responses  for  NNs.  It’s  hard  to  complete  the  study  because  of  these  variables.  In  general,  it  can  be
concluded that NNs impact the gut microbiome, but it’s hard to determine the possible effect. At the same
time, the question arises about the potential mechanisms of these responses. Therefore, the answer is that
long-term research standardized in terms of candidates and their microbiome composition is needed so that
the research results become unambiguous and appropriate conclusions can be drawn. The health value of
NNs must be verified by further research to serve as an alternative to reducing the consumption of calories
contained in white sugar. It is necessary to consider whether changes in the microbiome may outweigh the
positive aspects of consuming NNs, such as combating obesity and related diseases.

Because of the growing popularity and widespread use of artificial sweeteners, more studies are needed on
their largely unknown impact on the gut microbiota. More research is emerging on the effects of intestinal
microbiota on disease pathogenicity. Thanks to the development of new research methods in recent years,
such as  metagenomics,  metabolomics,  and next-generation  sequencing,  we will  be  able  to  understand
better the interaction between artificial sweeteners and their impact on the gut microbiota. This will help to
complement the understanding in a wider clinical context. [12]
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