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1. Materials and Methods
The literature review was performed in the PubMed database. 
The keywords used were: (“ketogenic diet” OR “low carbohy-
drate diet” OR “ketosis” OR “exogenous ketones” OR “keto” OR 
“high fat diet”) AND (“microbiome” OR “microbiota” OR “intesti-
nal microbiome” OR “intestinal microbiota” OR “microflora” OR 
“intestinal microflora” OR “intestinal barrier” OR “gut barrier” OR 
“leaky gut”). Scientific data was collected from March 2020 to 
May 2020. The review of papers included all the papers available 
so far that included the selected keywords.

2. The microbiome, the intestinal barrier, and 
transmetabolomics 
At the lumen of the intestine, the intestinal barrier meets a di-
verse ecosystem: the gut microbiota. Recent scientific advances 
have shown how important the gut microbiota is to the digestive 
system. It is a complex community of many different species of 
bacteria, viruses, fungi, and other microorganisms found in the 
intestinal lumen. It is an ecosystem containing about 1,200 dif-

ferent species, up to 80% of which are variable species. Although 
the microbiome is a climax community, we can identify many 
factors that affect its composition. These include internal fac-
tors such as the pH of gastric acid, proper bile secretion, and the 
presence of appropriate digestive enzymes. External factors that 
contribute to changes in the microflora include diet, physical ac-
tivity, exposure to stress, environmental toxins, past infections, 
diseases, and medications and dietary supplements [1]. Adverse 
changes in the intestinal microbiota resulting in its destabiliza-
tion significantly deteriorate the functioning of the intestinal 
barrier and cause inflammation, which markedly increases the 
risk of irritable bowel syndrome and of compromised well-being. 
It is also relevant to many diseases, including neurodegenerative 
diseases, autoimmune diseases, ischemic heart disease, autism 
spectrum disorders, insulin resistance, diabetes, cancer, and epi-
lepsy. Today, a growing body of research suggests an increasing 
role for the gut microbiome and its functions in both health and 
disease [2].
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Over the past 15 years, gut microbiota have garnered im-
mense attention from researchers around the world. The de-
velopment of bioinformatics and research tools has facilitated 
increasingly precise genetic studies of the gut microbiome with 
its metabolites. Most focus has been on the bacterial microbiota, 
but it should be noted that viruses and mycobiomes are no less 
important, while still insufficiently explored [3]. Nevertheless, 
the interactions among bacteria, viruses, and fungi are currently 
vigorously studied because of their potential importance for hu-
man health [4]. The gut microbiota interact with their host, both 
directly through the cellular pathway and indirectly through 
intermediates and metabolites. The bioactive compounds pro-
duced by the gut microbiota are capable of regulating and al-
tering metabolic pathways involved in immunization, energy 
homoeostasis, and neuronal pathways [5].

The microbiome performs its functions in a state of eubiosis, 
and disturbances in the quantitative and qualitative composition 
of the microbiota lead to dysbiosis, which is an important fac-
tor in the pathogenesis of irritable bowel syndrome, inflamma-
tory bowel diseases, cancer, neuropsychiatric diseases, or even 
metabolic syndrome. It seems that dysbiotic shifts in the micro-
biota are correlated with the Western dietary model, and usu-
ally lead to a decrease in the biodiversity of the gut microbiome 
and in the total number of microorganisms. Nevertheless, little is 
known about what exactly is meant by dysbiotic microbiota, just 
as the standard and baseline range of individual microbial spe-
cies characteristic of the eubiosis state is still not defined. More-
over, researchers are now shifting away from detailed analysis of 
the taxonomic composition of the gut microbiota to the study 
of its metabolic functions [5]. It appears that the functional me-
tabolomics of the gut microbiome may play a key role in a wide 
variety of disorders. The Human Microbiome Project has set the 
stage for current research by demonstrating that a change in the 
taxonomic composition of the gut microbiota does not neces-
sarily involve a change in its metabolic functions, and thus does 
not seem to alter microbiota-host interactions from a signaling 
threshold, either [3]. Moreover, taxonomic changes in the gut 
microbiota can occur abruptly, depending on a change in diet, 
a history of infection, or a sudden introduction of physical exer-
cise; however, as researchers indicate, this does not necessarily 
involve an equally sudden change in microbiota function [6, 7].

Because of such extensive and considerable interdependen-
cies between the microbiota and the host, the microbiome has 
come to be viewed as a new organ: the bacterial organ. However, 
unlike other organs, the gut microbiome exhibits tremendous in-
terspecies variations, which makes it all the more challenging to 
correctly interpret sophisticated research findings. The composi-
tion and function of the intestinal microbiota also vary across life 
stages. The gut microbiota, next to the human genome, seems 
to be most implicated in the individual response to specific food 
components, thus creating handle points for personalized nutri-

tional therapies [8]. This has relevance for athletes who seek to 
enhance their performance and individual management. How-
ever, studies and data on the interactions between the micro-
biota and the host are still scarce. Meanwhile, it is safe to assume 
that the gut microbiota interact with the host along bidirectional 
axes, such as the gut-brain axis, the gut-liver axis, and the gut-
muscle axis. The challenge remains to identify specific interde-
pendencies and to precisely distinguish cause from effect [7, 8].

3. Metabolic characteristics of the gut 
microbiome 
The gut microbiome interacts with many nutrients that reach 
the distal parts of the intestine with undigested food debris. 
Carbohydrates, proteins, fats, polyphenols, and other bioactive 
substances have received the most scholarly attention. Indigest-
ible carbohydrates such as dietary fiber provide the main fuel 
for microorganisms, but not every type of fiber is amenable to 
bacterial fermentation. Some fractions of insoluble fiber are not 
metabolized by microorganisms and are excreted. Depending 
on the composition of the gut microbiome, the quantity and 
quality of metabolites formed by nutrient biotransformation 
vary significantly [9, 10].

Short-chain fatty acids (SCFAs) are the most common prod-
uct of microbial metabolism. They are produced from bacterial 
fermentation of dietary fiber. They consist mostly of three major 
acids: acetic acid, propionic acid, and butyric acid, in the ratio of  
3:1:1, respectively. 

The proportion and types of short-chain fatty acids may vary 
depending on the dietary pattern, comorbidities, exercise level, 
or dietary fiber intake alone [10]. The highest concentrations of 
SCFA are observed in the ascending colon, with somewhat lower 
levels in the transverse and descending colons. One of the most 
important properties of short-chain fatty acids is their capacity 
to trigger specific metabolic effects while acting as signaling 
molecules in the host. SCFAs have the ability to cross the blood-
brain barrier, which is an important consideration for the func-
tioning of the gut-brain axis and for neuropsychiatric and neuro-
logical disorders (e.g., epilepsy, autism spectrum disorders) [11]. 
The ketogenic diet (KD) contributes to a significant increase in 
betahydroxybutyric acid, which is structurally similar to one of 
the SCFAs, butyric acid. This fact is probably not insignificant in 
the context of neurotransmission and the therapeutic effect of 
KD in neurological disorders.

SCFAs are absorbed in the intestine through monocarboxyl-
ate transporters. Once inside the cell, they become involved in 
metabolic pathways and provide up to 60% of the energy to in-
testinal cells [7, 9]. The unused acids migrate to the liver, where 
they can continue to perform metabolic functions. Only a small 
amount of SCFAs enter the peripheral circulation. The metabolic 
functions of SCFAs are mainly as follows: reduction of lipopoly-
saccharide (LPS)–induced inflammation, direct modulation of 
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systemic immunity, improvement of insulin sensitivity, regula-
tion of appetite, stimulation of white adipose tissue browning, 
increase in energy expenditure by thermogenesis, and increase 
in lipolysis [12]. It should be noted that most studies evaluating 
SCFA production are carried out on stool samples, which may 
not be fully reliable due to limitations related to intestinal transit 
time, leaky gut, rate of metabolite transport, or the method of 
sample collection and storage [11].

SCFAs also exert several beneficial effects locally, such as 
maintaining the integrity of the intestinal barrier, maintaining an 
intact mucosal layer, reducing in situ inflammation, and exerting 
epigenetic effects on histone deacetylase (HDAC). By interact-
ing with GPR receptors, they affect a wide variety of cells, with 
the final effect depending on the cell type. Recent studies have 
shown that butyric acid can even improve sleep quality [16]. This 
is an interesting benefit, given the negligible amount of SCFAs 
that reach the circulation. SCFA production relies on the compo-
sition of the gut microbiota and the dietary regimen, especially 
the content and type of dietary fiber available for fermentation 
[13].

Apart from short-chain fatty acids, gut microbiota also pro-
duce branched-chain fatty acids (BCFA; branched-chain amino 
acids). The amount of BCFAs increases significantly within 24 
hours of consuming more protein, so BCFAs can be a fairly good 
indicator of the rate of proteolytic fermentation. Higher protein 
intake rapidly increases the total pool of isovaleric acid which 
is present in trace amounts under normoprotein dietary condi-
tions [14]. The role of BCFAs in health and disease is still not well 
understood. However, it is clear that some of them can be uti-
lized in the process of energy extraction when butyrate is insuffi-
cient [15]. SCFAs are also produced by proteolytic fermentation, 
but their overall pool is much smaller if this fermentation does 
not come from carbohydrate substrates. The lack of data on the 
impact of BCFAs, including isovaleric acid, on the host’s health 
means that all analysis is limited to speculation. The process of 
isovaleric acid formation is associated with increased produc-
tion of ammonia, which can then be used in the urea cycle or 
will be excreted from the body due to its toxicity [16]. Ammonia 
is a toxic byproduct of BCFA metabolism, but the amount of am-
monia in the intestinal lumen can be reduced by increased fer-
mentation of dietary fiber. This is possible as a result of growing 
nitrogen demand as well as preferential saccharolytic fermenta-
tion [17]. In addition, the acidic environment in the distal colon 
may itself result in decreased BCFA synthesis. However, there are 
some dietary fiber fractions that can cause increased isobutyric 
acid and isocaproic acid production. Low pH in the colon and 
availability of dietary fiber are associated with lower bacterial 
putrefactive fermentation. Starch appears to be important in 
preventing increased proteolysis, but the process is still depen-
dent on the intestinal lumen pH. BCFA synthesis is 60% lower 
at pH=5.5 compared to pH=6.820.21 Pieper et al. demonstrated 

that increasing the amount of dietary fiber from 10g to 30g per 
day resulted in preferential utilization of fiber over protein and 
also increased the total amount of SCFA and shortened the in-
testinal passage of stool [18]. This is very important for under-
standing the carcinogenic effects of the metabolites of putre-
factive microflora found in the feces, and also from the point of 
view of putrefactive fermentation, which occurs in the terminal 
sections of the gastrointestinal tract itself. The shorter the intes-
tinal passage, the fewer putrefactive metabolites are likely to be 
produced [18, 19].

4. Food and the functions of the microbiome
SCFAs are bacterial metabolites with many beneficial metabolic 
properties. Although most of them have positive effects, there 
are also studies showing that some SCFAs are linked to obesity 
or depression [30]. This suggests a variety of effects of SCFAs on 
overall health, but the main three short-chain fatty acids (acetic 
acid, propionic acid, and butyric acid) have been associated with 
general metabolic health. In addition to SCFAs, the gut micro-
biota also produce a wide range of other bioactive metabolites 
from the gut contents that reach the distal parts of the intestine. 
When following a ketogenic diet, it is worth paying particular at-
tention to fat and protein intake, as well as bile acid metabolism 
within the gut microbiome.

Recent scientific reports have paid considerable attention 
to methylamines produced within the intestinal microbiome. 
Their augmented production has been linked to an elevated 
risk of atherosclerosis, chronic kidney disease, metabolic syn-
drome, insulin resistance, and steatohepatitis [20]. There are 
two methylamines in question: trimethylamine (TMA) and tri-
methylamine N-oxide (TMAO). TMA is the result of microbial 
metabolism of nutrients such as choline, betaine, lecithin, and 
carnitine. The main dietary sources of these substances are red 
meat, eggs, dairy and sea fish. The microbes responsible for the 
production of methylamines are mainly bacteria from the genus 
Prevotellacelleae and Enterobacteriaceae. The metabolism of tri-
methylamine begins after it crosses the intestinal barrier, enters 
the bloodstream, and is metabolized by the liver to trimethyl-
amine N-oxide (TMAO) by the enzyme FMO3 (flavin-containing 
monooxygenase 3). Higher concentrations of TMAO have been 
associated with many disease entities. However, it is noteworthy 
that individual differences in FMO3 enzyme activity may vary 
considerably between people, which is attributed to different 
levels of TMAO in the bloodstream [21]. The correlation between 
increased methylamines and metabolic disorders seems to be 
caused by a person’s individual capacity to produce TMAO, rath-
er than by the intake of specific nutrients. Nevertheless, this is-
sue still requires further intervention studies [22].

A higher protein intake is also related to a higher supply 
of aromatic amino acids, such as tyrosine and phenylalanine. 
Bacterial metabolism of these two compounds leads to the for-
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mation of the uremic toxin p-cresol [23]. Patients with chronic 
kidney disease are unable to efficiently remove p-cresol from 
the system, which results in its accumulation. Excess p-cresol 
is quite strongly correlated with cardiometabolic disorders, se-
vere oxidative stress, destruction of vascular endothelium and 
vasculopathy, and hypertension. It has been suggested that ex-
cess p-cresol in patients with renal impairment may be a major 
cause of comorbid cardiovascular disease, regardless of existing 
renal failure [24]. We still know little about the specific groups 
of microorganisms involved in p-cresol metabolism. In a study 
by Brinkworth et al., urinary p-cresol was found to be lower in 
subjects in the low-carbohydrate group, even despite lower di-
etary fiber content [25]. In contrast, another study by Patel et al. 
showed disparate results: over 60% less p-cresol production in 
subjects on a vegetarian diet compared to a control group on 
a mixed diet. The researchers explained this discrepancy by 
a significantly higher intake of dietary fiber [26]. Similar find-
ings were obtained by Salmean et al. in a study in patients with 
chronic kidney disease. Dietary fiber supplementation reduced 
p-cresol content by 20% relative to the baseline value before the 
intervention [27]. Because active individuals on ketogenic diets 
may consume much more dietary protein and less dietary fiber 
contained in carbohydrate products, consideration should be 
given to potential changes in the gut microbiota and possible 
increased production of p-cresol and thus a higher risk of meta-
bolic diseases. Still, this subject needs more scientific data. It is 
also worth considering the protective effects of physical activity 
on dysbiotic changes in the gut microbiota with respect to low-
carbohydrate diets and toxic metabolites of the microbiota, as 
well as other protective factors including polyphenol intake and 
exposure to betahydroxybutyric acid.

Fat as a nutrient is not a homogeneous mixture. Studies 
investigating the impact of fat intake on the composition and 
function of gut microbiota initially focused only on diets based 
on the principles of Western nutrition: highly processed, high-
energy, high-carbohydrate, and high-fat foods [10]. It is worth 
noting that a large percentage of fatty acids in a typical Western 
diet are trans fats with proven harmful pro-inflammatory effects, 
increasing the risk of cardiovascular disease, metabolic diseases, 
and neurodegenerative diseases. The Food and Agriculture Or-
ganization of the United Nations (FAO) recommends a daily fat 
intake threshold of 30% of energy; however, the ketogenic diet 
goes far beyond the proposed daily intake, in some cases ap-
proaching 90% of daily energy intake [15].

Lipids that are not digested reach the distal parts of the intes-
tine, where they interact with the intestinal microbiota. Studies 
have shown that a diet based on animal products with a higher 
supply of saturated fat increases the number of bile-resistant 
microorganisms, including the Bilophila species. The total num-
ber of Alistipes and Bacteroides also rises, with long-term con-
sumption of a diet based on animal products contributing to the 

formation of a Bacteroides enterotype [28, 29]. A completely dif-
ferent enterotype is the Prevotella type, characteristic of low-fat 
diets with high intakes of plant protein and total plant products, 
including dietary fiber. In contrast, the Bacteroides enterotype 
is distinguished by a higher abundance of bile-resistant bacte-
ria, proteolytic bacteria, and putrefactive processes, which is 
correlated with a fairly low intake of plant products and a com-
paratively high intake of animal products, including proteins and 
saturated fats [30]. Microorganisms such as Alistipes have been 
linked to pain sensations typical of irritable bowel syndrome 
(IBS) and inflammatory bowel disease (IBD), as well as to depres-
sive disorders [15]. Bacteroides, on the other hand, are implicat-
ed in the production of isovaleric acid, isobutyric acid, p-cresol, 
indole, skatole, endotoxemia, and the production of toxic am-
monia [31]. Increased fat intake seems to be concomitantly as-
sociated with increased bile in the intestinal lumen and thus with 
changes in bile acid metabolism via the intestinal microbiota. 
Bilophila bacteria, which are found to increase with higher fat 
intake, have been linked to higher amounts of toxic hydrogen 
sulfide. The adverse changes observed in the gut microbiota are 
most often connected to the consumption of high amounts of 
saturated fatty acids extracted from oil palm. This study limita-
tion should be taken into account in further inferencing [29, 32].

As dietary fat is not a homogeneous component, it is worth 
looking at particular fatty acids and their effects on the gut mi-
crobiota. Many researchers have already shown that different 
fatty acids cause different changes in the microbiota, with a par-
ticular focus on omega-3 fatty acids and monounsaturated fatty 
acids that may even have a prebiotic effect [33]. Animal model 
studies have demonstrated fundamentally different changes in 
the gut microbiome after palm oil administration compared to 
olive oil or safflower oil. Moreover, the amount of palm oil reach-
ing the distal parts of the intestines was much higher than the 
amount of the other two oils. The changes induced by saturat-
ed fatty acid intake appear to be more detrimental, although a 
high-fat diet is generally seen as having antimicrobial potential, 
in other words, as reducing the diversity and number of micro-
organisms in the gut. This seems to be largely related to the an-
timicrobial effect of bile, which is secreted in greater quantities 
with high-fat diets [34].

The ketogenic diet is mainly composed of fats, and the 
changes induced by higher fat intake, including higher amounts 
of Alistipes, Bacteroides, and Bilophila lead to adverse metabolic 
changes [31]. Despite this, more and more studies are dealing 
with the therapeutic properties of KD in neurodegenerative, de-
generative, and metabolic diseases. Recent reports suggest that 
the protective effects of a ketogenic diet may be highly depen-
dent on the gut microbiota. In addition, there are many different 
nutrients in the diet that may react with each other and with the 
gut microbiota, thus making it difficult to analyze the effects of 
individual fats on the composition and function of the gut micro-
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biome. Nutrition is the regular intake of a wide variety of nutri-
ents, and selective analysis of specific food elements may be far 
from the facts in vivo [35].

5. The ketogenic diet and the gut microbiota
Research reports in recent years have largely focused on analyz-
ing the protective and therapeutic effects of KD in many differ-
ent diseases [36, 37, 38]. The greatest therapeutic potential of the 
ketogenic diet is currently tied to various types of drug-resistant 
epilepsy, as well as to genetic metabolic disorders, including 
GLUT transporter deficiency [39, 40]. No less importance is also 
attributed to KD in neurological disorders and neurodegenera-
tive diseases. The ketone bodies produced during the ketogenic 
diet are known to have a therapeutic effect, but the question 
is whether this is the only factor responsible for the efficacy of 
KD. It seems that taxonomic changes in the gut microbiota in-
duced by the ketogenic diet, and the accompanying functional 
changes, are just as important contributors. Information about 
the effects of the ketogenic diet on the composition and func-
tion of the gut microbiota is still scarce, but it is worth discussing 
recently published studies in this area.

The ketogenic diet triggers an antiepileptic effect in both 
animals and humans. Such an effect is observed as early as 1–4 
days after KD administration, which coincides with the first 
noticeable and significant changes in the gut microbiota, ac-
cording to many publications. In a study on mice, Olson et al. 
demonstrated a distinctive increase in the bacteria Akkerman-
sia and Parabacteriodes associated with an anticonvulsant effect 
mediated by decreased activity of the enzyme gamma-glutam-
yltranspeptidase and, consequently, an increased ratio of GABA 
to glutamate. This ratio is vital in the treatment of epilepsy and in 
maintaining normal brain function as well as neuronal pathways 
[46]. Another study by Ma et al. also using an animal model of 
neurodegenerative diseases showed improved neurovascular 
metabolism with a concurrent reduction in the risk of Alzheim-
er’s disease. Mice were fed a ketogenic diet based on short-chain 
fatty acids, mono- and polyunsaturated fats for 16 weeks. The in-
troduction of KD decreased the amount of pathogenic bacteria 
from the genera < Desulfovibrio and Turibacter. Moreover, there 
was a concomitant increase in the number of bacteria produc-
ing anti-inflammatory and neuroactive short-chain fatty acids: 
Akkermansia mucunifila and Lactobacillus. These changes were 

Fig. 1. Impact of diet composition on intestinal microbiome and SCFA synthesis
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further correlated with an overall reduction in alpha diversity, 
which was also confirmed in studies by other authors [41].

The use of the ketogenic diet in autism spectrum disorder 
(ASD) seems to be a relatively controversial example. However, 
experimental studies in a mouse model have shown that despite 
the antimicrobial effect of KD on the gut microbiota, it may carry 
some benefits in the area of microbiota modulation [31]. After 
two weeks of KD treatment in a mouse model, researchers ob-
served a statistically significant decrease in total microbiota, a 
decrease in the commensal bacterium Akkermansia mucinifila, 
and an improvement in the ratio of Fimicutes to Bacteroidetes, 
all of which appear to be severely impaired in individuals with 
ASD [42, 43].

A study involving people affected by multiple sclerosis (MS) 
is an interesting example of the effects of KD on the gut micro-
biota. The ketogenic diet may be one of the nutritional therapies 
for multiple sclerosis, as may the modified paleo diet [44]. A re-
cent study by Wahls et al. showed a smaller effect of a modified 
MCT-based ketogenic diet compared to a modified paleo diet in 
improving patients’ quality of life; nevertheless, the ketogenic 
diet still shows encouraging therapeutic potential in MS patients 
[45]. Individuals with MS quite often exhibit significantly reduced 
numbers and biodiversity of microorganisms in the gut, as well 
as impaired normal fermentation and impaired short-chain fatty 
acid production. Dysbiotic overgrowth exacerbates the concen-
tration of neurotoxins in the circulation, which negatively af-
fects the overall well-being of patients and may aggravate and 
accelerate the onset of MS symptoms. The introduction of the 
ketogenic diet in patients with multiple sclerosis had a twofold 
effect. During the first 12 weeks of KD, a strong antimicrobial ef-
fect was observed, as well as a sudden reduction in the number 
and biodiversity of microorganisms. Interestingly, during the fol-
lowing six months, with continuation of the ketogenic diet, the 
intestinal microbiota underwent further changes, and formed a 
much more favorable structure than at baseline, before the start 
of the study. Such a phenomenon is described by researchers as 
biphasic, and its occurrence alone may have important clinical 
implications in terms of both nutritional and pharmacological 
therapy for patients affected by MS [38, 44, 45].

Zhang et al.’s study looked at the effects of the ketogenic 
diet on the composition and function of the gut microbiota 
among children with epilepsy [46]. However, in an effort to find 
a specific indicator of the efficacy of KD, the researchers decided 
to test for differences between groups that responded to the 
treatment and those that did not. The application of the keto-
genic diet in subjects who positively responded to KD induced 
a markedly different modification of the gut microbiota than in 
subjects who did not respond or responded adversely to the ke-
togenic diet. Individuals who experienced a positive effect of KD 
showed simultaneously increased amounts of Bacteroides and 
decreased amounts of Firmicutes and Actinobacteria. In contrast 

to these changes, subjects who reacted negatively to KD showed 
significant increases in Clostridia, Ruminococcus, and Lachino-
spiraceae. These findings should be considered especially when 
personalizing dietary recommendations and searching for the 
best therapeutic approach. In the future, gut microbiota may be 
a potential indicator suggesting the response, or lack thereof, to 
nutritional treatment with a ketogenic diet [46].

In addition to clinical case studies, it is also useful to review 
studies on the effects of KD on the gut microbiota in healthy 
athletic individuals. Such research is currently scarce, but we can 
single out the work of Murtaza et al., which describes the effects 
of the ketogenic diet on the composition and function of the gut 
microbiota of trained elite walkers [47]. The study included pro-
fessional athletes assigned to three different groups: a ketogenic 
group, a high-carbohydrate group, and a high-carbohydrate 
cyclical group. Gut microbiota testing was performed prior to 
intervention and after three weeks of following the dietary mod-
els. Two enterotypes, Prevotella and Bacteroides, were observed 
in all zero samples collected, with the latter being significantly 
predominant (20 vs. 7 samples). The carbohydrate groups only 
slightly changed their gut microbiota profile after the three-
week intervention, whereas the ketogenic group experienced a 
large change in gut microbiota, bumaintaining alpha diversity. 
The observed changes in the gut microbiota mostly included de-
creases in Faecalibacterium spp. and Bifidobacterium, increases 
in Dorea spp., Enterobacteriaceae, and increases in some spe-
cies of the genus Bacteroides. Compared to the carbohydrate 
groups, these changes were rapid and extensive. The ketogenic 
group experienced both a significant decrease in exercise econ-
omy and a decrease in athletic performance. Statistical analysis 
showed negative correlations between fatty substrate utiliza-
tion and Bacteroides amount and between Dorea spp. amount 
and exercise economy. In the ketogenic group, the different in-
testinal enterotypes responded differently to the intervention. 
Both revealed a significant reduction in Prevotella and an in-
crease in Bacteroides, but this change was not extensive enough 
to redefine the overall enterotype of the subjects. A similar phe-
nomenon occurred for the bacteria of the genus Faecalibacte-
rium, which decreased for both enterotypes. On the other hand, 
subjects with the Prevotella enterotype experienced a larger 
increase in Clostridiales bacteria, and subjects with the Bacteroi-
des enterotype had a considerably greater loss of Bifidobacteria 
and an increase in Sutterella [47].

6. Summary
• The gut microbiota may mediate the antiepileptic effects 

of the ketogenic diet through a mechanism dependent on 
reduced gamma-glutamyltranspeptidase enzyme activity.

• Individuals with multiple sclerosis may exhibit a biphasic 
microbiota response to the introduction of a ketogenic diet, 
which relies on the duration of the dietary intervention.
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• The efficacy of the ketogenic diet in neurological disease 
may be at least partially contingent on the baseline compo-
sition of the gut microbiota.

• The effects of the ketogenic diet on gut microbiota compo-
sition, function, and athletic performance may be at least 
partially dependent on the baseline enterotype of the sub-
jects.

• The ketogenic diet does not show a uniform effect on the 
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Such large discrepancies in the study results suggest that this 
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