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Abstract :

The human intestinal tract is composed of a considerable population of
microorganisms (microbiota) and its corresponding gene complement (microbiome),
that symbiotically live within the host. In recent years, the awareness of the
importance of microbial community in human health has increased tremendously,
making the science of microbiome a key area for life sciences [1]. Intrinsic and
extrinsic factors including age, environment, birth delivery route, breastfeeding,
antibiotics, dietary factors, and exercise, impact the microbial composition and
function, with the diet and exercise act as primary modulators [2-5]. Regarding
nutrition the total amount and/or the relative percentage of carbohydrate/protein
and fat has a great influence on microbiota composition. Indeed, the effect of
carbohydrates on the gut microbiota differs widely as a function of microbiota-
accessible carbohydrates (MACs) commonly referred to as dietary fiber, content
and types. Dietary MACs are found in a variety of sources including plants, animal
tissue, or food-borne microbes and represent the source of carbohydrates that are
metabolically available for gut microbes. MACs hold a role of “primary fermenters”
within the colonic ecosystem and generally tend to increase the production of the
beneficial short chain fatty acids (SCFAs) producing bacteria such as Bacteroides
and Actinobacteria [6]. Differently, an increased consumption of protein, may lead to
an excessive protein fermentation associated with the increased abundance of related
taxa such as Clostridium and Proteobacteria. In this regard, ketogenic diet (KD)
may represent a paradigmatic example. KD is a dietary protocol consisting of high-
fat, adequate protein and less than 20g of carbohydrate daily (or 5% of total daily
energy) [7]. This nutritional approach has been used since the 1920s as a treatment
for refractory epilepsy [8] and it has gained popularity as a potential treatment for
obesity and related metabolic disorders [9]. Indeed, increased amount of evidence
point out that KD may represent an efficient and safe solution to get adequate body
composition and maintain a general good health, whilst some researchers raised
important issues about KD effects on microbiota. As a matter of fact, many studies



[10-13] investigating the effect of a high-fat diet on gut microbiota, but it has been
tested only on mouse models fed a refined high-fat, low fiber diet with animals fed
a standard chow diet, high in soluble fibers. For this reason, the conclusions arising
from these animal studies cannot be adopted to predict the outcomes of a ketogenic
diet and, consequently, its associated effect on gut microbiome [14]. In humans, it has
been recently confirmed [15] that ketogenic diets differentially alter the composition
of gut microbiota when compared to high-fat diet and, further, only ketogenic diet was
able to provide positive gut-associated systemic outcomes [15]. It is of evidence that
there are many, fundamental differences between a normal CHO/high fat diet and a
KD. The low level of insulin and glucose and the high level of beta-hydroxybutyrate
may help to explain the peculiar metabolic effect of KD on microbiota. Indeed,
Turnbaugh and colleagues confirmed that KD positively affected the gut ecosystem
with a mechanism involving the concomitant host production of ketone bodies and
particularly of beta-hydroxybutyrate [15]. The authors hypothesized that the KD-
associated decreases in pro-inflammatory Thl7 cell levels, both in gut and adipose
tissues, might have represented a potential mechanism contributing to some
metabolic positive effects of ketogenic diet; highlighting that KD might have act as
more “systemically”. Moreover, not only the amount of fat should be considered, but
also the different type/quality of fats. Indeed, different types of fat are associated
with different effects on the gut microbiome and consequential effects on intestinal
and systemic inflammation [16-18]. If on one side saturated fat is associated with
decreased microbiome diversity and increased availability of LPS [19] in humans,
polyunsaturated fat such as omega-3 did not affect microbial diversity and richness.
Indeed, polyunsaturated fats improved gut epithelial integrity and gastrointestinal
inflammation through the production of short chain fatty acids (SCFAs) [20].
Additionally, it 1s essential to point out that the interplay between KD and microbiota,
plays a pivotal role on the KD’s effects [21-23] ; this interaction it is necessary
in order to provide positive effects such the anti-seizure effect and amelioration of
neurovascular function [24-26]. Even though, we recently demonstrated that a KD
with phytoextracts and good quality fats is able to maintain, in a population of
soccer players, microbiota characteristics without any harmful effect or negative
modification of microbiome profile, there are other data actually showing an the
effects of KD on microbiome profile and these changes plays a positive, pivotal role on
the itself activity of KD itself [21-23]. Understanding the different outcomes induced
by a KD on microbiota (negative, positive, or no effects) is mandatory to understand
the nutritional variables influencing these results ( amount/quality of protein and
fats, MACs, prebiotics and probiotics, etc). In conclusion, further researches with
long-term clinical trials has to be performed in order to establish more precisely

microbiota-oriented ketogenic diet interventions in humans.
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