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treatment of obesity and associated inflammatory state

Patricia Lopez-Legarrea Php'?, Nicholas Robert Fuller PhD’, Maria Angeles Zulet
PhD'"**, Jose Alfredo Martinez PhD, MD'*, Tan Douglas Caterson PhD, MD’

'Department of Nutrition, Food Science & Physiology, University of Navarra, Pamplona, Spain
Faculty of Health Science, Universidad Autonoma de Chile, Santiago, Chile

*The Boden Institute, the University of Sydney, NSW, Australia

“CIBERobn, Physiopathology of Obesity and Nutrition, Carlos Il Health Institute, Madrid, Spain

The role of the gut microbiota in understanding the onset and development of obesity is gaining importance. Die-
tary strategies are the main tool employed to counteract obesity, and nowadays they are focused on a wide range
of different aspects of diet and not only on calorie restriction. Additionally, diet is known to be a major factor in-
fluencing modification of the gut microbiota. Therefore the influence of both macronutrient and micronutrient
content of any dietary strategy to treat obesity on gut bacterial composition should now be taken into considera-
tion, in addition to energy restriction. This review aims to collect the available data regarding the influence of dif-
ferent dietary components on gut microbiota in relation to obesity and inflammatory states in humans. Although
more work is needed, specific dietary factors (carbohydrate, protein and Mediterranean foods) have been shown
to have an influence on the gut microbiome composition, meaning that there is an opportunity to prevent and treat

obesity based on microbiota outcomes.
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INTRODUCTION
Obesity has become a major public health problem being
described as the 21st century epidemic since the preva-
lence is expected to increase further.' Overweight is not
only a problem of itself, but also due to the obesity-
associated metabolic and mechanical disorders.”” Since
obesity has a multi-causal aetiology, the treatment is
complex and different factors must be taken into account
to design an effective therapy. Thus, it is well known that
lifestyle plays a major role in the causation of this dis-
ease.! The genetic make-up of an individual also plays a
part.* More recently the gut microbiota have been pro-
posed as contributing to both the aetiology of obesity and
accompanying metabolic related disorders (Figure 1).
There have not been many human intervention trials be-
cause of methodological difficulties. However, studies do
suggest that the composition of the gut microflora may
influence harvesting energy from food,® mucosal immuni-
ty, intestinal permeability, transit time, and systemic in-
flammation,” which all relate to obesity. A balanced gut
microbiota composition confers benefit to the host,
whereas microbial imbalances are associated with meta-
bolic and immune-mediated disorders."

The composition of the bacterial ecosystem varies sub-
stantially among individuals, but it is also dynamic and
susceptible to change in a single individual. A change in

dietary factors is one way the microbiota composition can
be shifted.*’ Therefore, the study of the influence of dif-
ferent dietary elements on microbiota composition varia-
tion has become an area of growing scientific interest.
Indeed, a relationship between the gut microbiota and
obesity is well recognized, but the mechanisms underly-
ing these interactions remain largely uncharacterized and
more studies are needed in order to establish if changes in
gut microbiota are a cause rather than a consequence of
obesity. In any case, the ability to manipulate the micro-
biota through diet should provide a route for delivering
health benefits.'® This review paper aims to collect and
critically order the available data regarding the influence
of different dietary components on gut microbiota in rela-
tion to obesity and inflammatory states in humans. This
appraisal has been focused in a careful examination (be-
tween years 2000 and 2013) of current accepted databases
such as Pubmed and Cochrane following accepted criteria
of search, but cannot be considered as a systematic re-

Corresponding Author: Prof Jose A Martinez, University of
Navarra, C/ Irunlarrea 1, 31008 Pamplona, Navarra, Spain.

Tel: 34 948425600 ext. 806424; Fax: 34 948425649

Email: jalfmtz@unav.es

Manuscript received 4 January 2014. Initial review completed
20 January 2014. Revision accepted 29 March 2014.

doi: 10.6133/apjcn.2014.23.3.16



Gut microbiota and dietary strategies 361

Genetics

Unmodifiable

I

Lifestyles

I New dietary strategies assessed

I

[cho | | W | [ mD |
Bifidobateria Bacteroides Polyphenols:
T Roseburia, E. Rectale: T Potential toxic Firmicutes -
SCFA production products Bacteroidetes

Gut microbiota

* Clostridium
Protein-derived
l harmful products. PUFA:
Inflammation 4‘ Lactobaciilus

Recently proposed as influential

Figure 1. Interplay between genetics, lifestyles and microbiota in the obesity development. Role of specific dietary components on bacte-
rial composition. CHO: carbohydrates; HP: high protein; MD: mediterranean diet; SCFA: short chain fatty acids; PUFA: polyunsaturated

fatty acids.

view given the heterogeneity and difficulties for compari-
son of the available studies. The following terms “gut
microbiota, carbohydrate diets, high-protein diets, Medi-
terranean diet” were individually screened and crossed
with “nutrition, obesity, inflammation and weight loss”.

GUT MICROBIOTA
The mammalian gastrointestinal tract, particularly the
large bowel, is colonized by a diverse collection of bacte-
ria, viruses and archaea, collectively known as gut micro-
biota."" The gut of the fetus is sterile, but is colonized by
bacteria from the mother and the environment at birth and
thereafter.'” The type of feeding and hygiene measures
have also been shown to play a role in the composition of
the microbiota as it colonises the gut of the newborn. The
gut microbiota is estimated to consist of more than 10"
microorganisms, with approximately 1100 prevalent spe-
cies, and within any individual there are approximately
160 such species.”” The exact composition remains un-
known, but recent investigations have shown that the ma-
jority of the bacterial phylotypes are members of two
phyla: the Firmicutes (eg Clostridium, Enterococcus,
Lactobacillus, Ruminococcus) making up 60% of the gut
microbiota, and the Bacteroidetes (eg Bacteroides and
Prevotella) making up 15%. These strains are followed
by the Actinobacteria (eg Bifidobacterium) and the Pro-
teobacteria (eg Helicobacter, Escherichia), as reported
elsewhere.>'* The bacterial diversity tends to decrease
with age."”” The number of cells in the microbiota exceeds
the number of human cells and contains 100 times more
genes than the human genome.'®

The association between the gut microflora composi-
tion and obesity was noted in observational studies. which
compared germ-free mice to normal mice.'” Thus, it was
observed that control animals had 42% more adipose tis-
sue compared with germ-free ones.'” Subsequently, the
microflora from normal mice was transferred to the germ-
free mice and it was noted that the germ-free mice devel-
oped overweight in a period of two weeks, with an in-
crease of 57% in their total body fat, despite no change in
energy consumption or energy expenditure. The suppres-
sion of a circulating lipoprotein lipase inhibitor, essential

for the microbiota-induced deposition of triglycerides in
adipocytes was proposed as a possible mechanism.'” Fur-
thermore, interesting differences in the microbiota com-
position were reported when genetically obese mice to
normal-weight mice were compared.”® The obese mice
had a greater presence of bacteria with a higher expres-
sion of enzymes related to energy extraction, bowel fer-
mentation and to the reduction in stool residual calories.
In a subsequent work, the microbiota from obese mice
was transplanted to normal-weight mice and it was found
that the latter developed obesity within two weeks,'® in
agreement with the original hypothesis. These findings
evidenced that the gut microbiota is a dynamic ecosystem
of living microorganisms susceptible to environmental
and pathophysiological alterations.'® Dietary habits, life-
style, age, host genotype and exposure to antibiotics may
affect the composition of the gut microflora.'’ Translating
and extending the findings from these animal studies to
humans is currently an important area of research because
of links to the systemic health of the host.

Indeed, the gut microbiota is nowadays considered a
metabolic organ, which performs a wide range of func-
tions including an important role in the physiology of
energy homeostasis.”> Commensal bacteria contribute to
the digestion of nutrients otherwise inaccessible to hu-
mans, such as resistant starch, some oligosaccharides,
unabsorbed sugars, alcohols and protein/amino acids.
Carbohydrate fermentation leads to the generation of
short-chain fatty acids (SCFA) including butyrate, acetate
and propionate. These are an important energy source for
the host, providing up to 10%-15% of a human’s daily
energy supply. They also influence cell differentiation
and proliferation, ion absorption or vitamin production
and contribute to the supply of amino acids required by
human beings."" In the presence of fermentable carbohy-
drate substrates, colonic bacteria grow and synthesize
protein and somewhere between 1% and 20% of circulat-
ing plasma lysine and threonine in adults is derived from
the intestinal microbiota.”’ Proteolytic fermentation gen-
erates polyphenols that induce anti-inflammatory, anti-
oxidative and anti-ageing effects and also a proportion of
the pool of SCFA, derived from amino acid fermentation.
On the other hand, anaerobic metabolism of peptides and
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proteins, known as putrefaction, produces some potential-
ly toxic substances including ammonia, amines, phenols,
thiols, and indols."" Additionally, commensal bacteria
induce lipolysis leading to increased fat storage, hepatic
de-novo synthesis of triglycerides and the alteration of
bile acid metabolites with consequences to lipid metabo-
lism in the host.?

The gut microbiota has also been shown to have a role
in the obesity-linked low grade chronic inflammatory
state of the host.** Specifically the overgrowth of Proteo-
bacterium produces reduction of the gut barrier protective
bacteria.” These microorganisms act by altering the sig-
naling pathways that link obesity with inflammation.
Thus, bacterial lipopolysaccharide (LPS) has been pro-
posed as a mediator for this outcome,*** since LPS is part
of the outer membrane of gram-negative bacteria and is
an endotoxin for the host.”> Infiltration of LPS from the
gut lumen into the bloodstream induces cytokines and
triggers an inflammatory response.'* Such increased LPS
levels have been described as “metabolic endotoxemia™*
and many obesity-related comorbidities have been report-
ed to correlate with circulating LPS concentrations.” In-
deed, the microbiota can influence intestinal permeability
and the physiological functioning of the intestinal barrier,
which is essential to avoid LPS infiltration.

DIETARY STRATEGIES

Dietary strategies have been the mainstay of treatments to
counteract overweight and obesity.” Diet is considered to
be a major environmental factor influencing gut micro-
biota diversity and functionality.”” Therefore, the effect of
dietary patterns on gut microbiota conjointly and on
weight-loss outcomes may become potential therapeutic
strategies in managing metabolic health. Altered dietary
intake not only affects energy balance but also has a ma-
jor impact upon gut microbial composition and this can
promote obesity and increase the risk of developing met-
abolic diseases,® or vice versa, appropriate changes in the
gut microbiota may promote weight loss and beneficial
metabolic change. A weight loss intervention program,
based on a calorie-restricted diet and increased physical
activity in an obese adolescent population, was demon-
strated to induce changes in the gut microbiota content
and some of these changes correlated with weight loss
and BMI z-score reductions.”” This outcome is in agree-
ment with other studies, showing that levels of Bifidobac-
terium were reduced in infants who became overweight at
7 years old compared with the higher level of Bifidobac-
terium in normal weight children.”’

In previous studies with adults, it has been also shown
that obese people had fewer Bacteroidetes and more Fir-
micutes than lean controls before diet therapy.”®*’ Subse-
quently, decreases in Firmicutes and increases in Bac-
teroidetes were correlated with body weight loss.**" It
was also reported that changes in the faecal bacteria
population began one week after caloric restriction,’®
while another similar study found detectable changes
within 24 hours of initiating a dietary intervention.’'
These findings confirmed the hypothesis derived from
animals that the gut microbiota is dynamic, although
these studies disagreed with some earlier investigations,
which had suggested stability over time and resistance to

perturbations.™

In recent times, dietary strategies to counteract obesity
and overweight states have been focused not only on the
amount of calories prescribed, but also on the macronutri-
ent composition (eg increased protein intake), the type of
food (eg glycemic index or load) or the presence of spe-
cific bioactive compounds (omega-3 fatty acids, fibre or
polyphenols). Therefore, future studies to evaluate the
dietary influence on microbiota composition should also
take such new aspects into account.

CARBOHYDRATE DIETS

Carbohydrates have been one of the most studied dietary
components in relation to microbiota modifications. Gut
microbes are known to be involved in the absorption of
monosaccharides and it is generally accepted that carbo-
hydrate fermentation results in beneficial effects for the
host because of the generation of SCFA (Table 1).*
Moreover, shifts in the composition of the gut microbiota
in response to the total quantity of carbohydrate intake in
obese people have been reported.* Thus, Bifidobacteria
showed a significant reduction with decreased carbohy-
drate intake as well as some Clostridium subgroups
(Roseburia and Eubacterium rectale), which correlated
strongly with the reduction in stool butyrate levels (Table
1). The same outcome was found also in an obese group
when analyzing high-protein/carbohydrate-reduced di-
ets.”” This kind of diet reduced Roseburia/E. rectale con-
comitant with a decrease in the proportion of butyrate in
faecal SCFA and a major reduction of fibre-derived anti-
oxidant phenolic acids (Table 1). These results were in
agreement with those from a previous study where a low-
carbohydrate to a fat-restricted diet were compared re-
vealing a decreased Bacteroidetes number, which corre-
lated with the carbohydrate-restricted diet.*® The out-
comes suggested that different dietary compositions have
different influences on bacterial shifts and evidenced that
it is necessary to take the dietary components into consid-
eration in future studies.

Increased fibre intake has shown to have several bene-
ficial effects on metabolic markers, although the mecha-
nisms responsible are not completely understood. Thus,
decreasing sugar and cholesterol absorption, the produc-
tion of phytochemicals and other bioactive compounds, as
well as anti-inflammatory properties have been proposed
as processes involved in the healthy properties of fibre.?
Bacterial fermentation of undigestible components of
whole-grain products is another key issue in trying to
explain the effects found, as whole grains affect both the
microbiota and obesity itself, and the interplay between
them. Microbial fermentation of plant fibre produces
phenolic compounds with antioxidant and antitumoral
activities (Table 1).** High fibre content diets have been
positively associated with Bacteroidetes and Actinobacte-
ria presence,”’ and with a reduced Firmicutes-to-
Bacteroidetes ratio,”” while dietary resistant starch might
reduce the formation of harmful nitrogenous compounds.
Thus, arabinoxylan-oligosaccharides enriched bread was
observed to increased total bacterial populations and fae-
cal butyrate concentrations in healthy volunteers.”® Addi-
tionally, the treated group showed a trend to reduced pro-
tein-fermentation derived harmful acids. Furthermore,
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Table 1. Shifts in gut microbiota derived from different dietary strategies of dietary modifications.

Dietary strategy Basis/Mechanism Affected species Observed effects References
Carbohydrate l Related with beneficial effects because of the association  Bifidobacteria | Decrease SCFA: Butyrate production. 33, 34, 35, 36
with SCFA production and phenolic compounds, known  Clostridium | Decrease fiber-derived phenolic acids.
to have anti-inflammatory effects. Bacteroidetes |
Protein T Proteolitic fermentation produces beneficial compounds,  Bacteroidetes t Amelioration of obesity, inflammation 11,31, 35
but putrefaction is considered detrimental for the host’s  Lactobacillus 1 and metabolic complications.
health. Bifidobacterium 1
Widely accepted as a healthy dietary pattern, with many Polyphenols: Improvement of obesity, lipid profile and 6, 8, 52, 53, 54

Mediterranean

specific components (polyphenols, PUFA).

Prevotella 1
Enterococcus 1
Bifidobacteria 1
Lactobacillus 1
Bacteroides 1
Clostridium |
PUFA:
Lactobacillus 1

inflammation.

An adults’ microbiome is not particularly
enriched in genes involved in fatty acid
metabolism.

SCFA: short chain fatty acids; PUFA: polyunsaturated fatty acids.
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arabinogalactan has been associated with a statistically
significant increase in the concentration of total bacteria,
Bacteroidetes, Faecalibacterium prausnitzii, a delayed
bifidogenic effect and a decrease of the pathogenic Clos-
tridium perfringens.” On the other hand, fructo-
oligosaccharides leads to a strong lactobacillogenic ef-
fect.*” So, much interest in relation to prebiotics has been
focused on non-digestible oligosaccharides, which have
been described to change microbial composition.”! Actu-
ally, biological effects depend on gut microbiota compo-
sition and the subsequently derived metabolites.

Moreover, in a study comparing diet impact on gut mi-
crobiota in European children and those from rural Africa,
it was observed that in Rural Africa, where the diet is rich
in fibre, the children had a significant enrichment in Bac-
teroidetes and a depletion in Firmicutes, with a unique
abundance of bacteria from the genus Prevotella and Xy-
lanibacter (which are known to contain a set of bacterial
genes for cellulose and xylan hydrolysis), while these
species were completely lacking in the European chil-
dren.”’ They also found more SCFA in the African chil-
dren, suggesting that the gut microbiota has co-evolved
with the polysaccharide-rich diet of African individuals,
allowing them to maximize energy intake from fibres,
while also protecting them from inflammation and non-
infectious colonic diseases.*’

Carbohydrates are considered to have beneficial effects
on inflammation because of bacterial production of SCFA
like butyrate, with the Clostridium cluster the most im-
portant in this aspect. Hence, SCFA are known to have
anti-inflammatory effects that result from inhibition of
transcription factor NF-xB leading to a decreased secre-
tion of proinflammatory cytokines (Table 1).° An increase
in the Clostridium group presence (Faecalibacterium
prausnitzii, specifically), linked to higher resistant starch
intake, has been associated with lower levels of circulat-
ing inflammatory parameters in patients after bariatric
surgery. In contrast, lower proportions of this group of
microorganisms were found in patients with type 2 diabe-
tes and were related to a worsening of their low-grade
inflammation and higher insulin resistance.® Interestingly,
in the same study, a negative association was also seen
between F. Prausnitzii and HOMA-IR.

HIGH-PROTEIN DIETS

Increasing protein content of the diet has been one of the
most intensely assessed variations in macronutrient dis-
tribution in order to manage body weight.’® Available
results are controversial but the prevalent idea is that
moderately high protein diets help weight loss and/or
weight maintenance.”' In relation to the gut microbiota,
proteolytic fermentation produces beneficial compounds,
but putrefaction is considered detrimental for the host’s
health (Table 1).** This situation occurs in the distal bow-
el generating potentially toxic substances such as ammo-
nia, amines, phenols and sulfides."’

Epidemiological studies have associated meat-rich di-
ets with colorectal cancer” and fermentation-derived tox-
ic agents with dietary protein intake.* However, despite
these indications, the relationship between gut health and
protein fermentation has not been thoroughly investigated
and there are not many human studies focusing on the

effect of high protein intake and microbiota changes.
Generally, the protein proportion of the diet is increased
by a reduction in the carbohydrate content, so that the
consequences of such a carbohydrate reduction are found
in high-protein diets as well as with protein fermentation
toxic products. Additionally, a diet enriched in protein
favours the Bacteroidetes group (Table 1).*! Fermentation
of amino acids derived from dietary or host-derived pro-
teins yields a much wider range of products. Faecal
branched-chain fatty acids are indicative of fermentation
of branched-chain amino acids and their faecal concentra-
tions increase on high-protein diets,'” which can influence
beneficial microbiota. In this context, dietary controlled
studies in obese men following high protein/low carbohy-
drate intake during 3-4 weeks detected microbial changes,
particularly reduction in Collinsella aerofaciens, E. rec-
tale, Roseburia, and Bifidobacterium spp.**** A recent
study assessing zonulin, a protein that increases intestinal
permeability and participates in the development of intes-
tinal innate immunity, showed that plasma zonulin was
inversely proportional to protein percentage dietary in-
take.* Zonulin is considered as a potential marker of in-
testinal permeability, therefore, suggesting that protein
intake may be associated with a reduction in intestinal
permeability.

In addition to meat, dairy products are another im-
portant source of protein in our diet. There may be a role
for these foods with microbiota modifications as they are
a good matrix for probiotics, which when administered in
adequate amounts, may confer a healthy benefit to the
host, through different mechanisms.* In particular, Lac-
tobacillus and Bifidobacterium have been shown to ame-
liorate obesity, inflammation, and associated metabolic
complications (Table 1)."' The mechanisms affecting
health issues include inhibition of intestinal bacterial en-
zymes, stimulation of host immunity, competition for
limited nutrients, inhibition of bacteria mucosal adher-
ence and epithelial invasion, protection of intestinal per-
meability and control of bacterial translocation from the
gut to the bloodstream.!' There are few well controlled
studies in humans, but it has been shown that 200 g per
day of a fermented milk containing the probiotic organ-
ism Lactobacillus gasseri over 12 weeks produced signif-
icantly greater reductions in abdominal, visceral and sub-
cutaneous fat, body weight and waist circumference com-
pared with consuming fermented milk alone.*

MEDITERRANEAN DIETS

The Mediterranean diet is widely accepted as a healthy
dietary pattern, with demonstrated benefits for obesity
treatment and improvement in associated cardiovascular
risk markers.*” A beneficial fatty acid profile,”* with par-
ticular focus on monounsaturated fatty acids (MUFA) and
polyunsaturated fatty acids (PUFA) a higher antioxidants
intake,” and the presence of other components such as
fibre, vegetable protein and low glycemic foods are the
main characteristics of this diet.” In relation to the specif-
ic foods consumed in the traditional Mediterranean diet,
there is a high intake of olive oil, fruits, nuts, vegetables,
and cereals; a moderate intake of fish and poultry; a low
intake of dairy products, red meat, processed meat and
sweets; and a moderate consumption of red wine with
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meals.”” Polyphenols antioxidants are specifically con-
sumed in the diet through different products such as tea,
coffee, wine, fruit, vegetables and chocolate.’’ A recent
study in healthy humans comparing red wine intake with
de-alcoholized red wine and gin intake observed changes
in the distribution ratio of different genera within the Bac-
teroidetes and Firmicutes.® The investigations reported
that drinking red wine induced an increase in the number
of Enterococcus, Bacteroides and Prevotella as well as an
important decrease in the Clostridium genera, including
Clostridium perfringens, an important pathogen associat-
ed with obesity, among others diseases (Table 1).”* This
was explained by the increase in Proteobacteria known to
degrade uric acid. The polyphenol-induced increase in
Bifidobacteria was associated with a reduction of plasma
cholesterol concentrations. A study with red wine-
polyphenols also found that Bifidobacterium growth pre-
dicted a decrease in C-reactive protein, a marker of in-
flammation and a predictor of cardiovascular event risk in
healthy subjects.® So, red wine polyphenol intake may be
related to an improvement in the obesity-related inflam-
matory state.

Another excellent source of antioxidants is fruit. In this
context, the study of the bacterial metabolism of pome-
granate demonstrated that a pomegranate product signifi-
cantly enhanced the growth of Bifidobacteria and Lacto-
bacilli, associated with various health benefits at the cel-
lular and systemic levels (Table 1).>* This modulation of
the gut microbiota could mediate the reduction of the
high-fat diet induced hypercholesterolaemia. When con-
sidering total fat intake, a reduction in the Bacteroide-
tes/Firmicutes ratio after high fat diets has been reported,’
while fat restricted diets (together with higher carbohy-
drate intake) increased both Bacteroides and Bifidobacte-
rium (Table 1). Also, it has been found that high fat
diets, independently of being high-saturated or high-
monounsaturated, decreased total faecal microbiota.”
However, it was not clear whether the crucial factor af-
fecting microbiota is the elevated/reduced fat or the re-
duced/elevated carbohydrate content. Interestingly, in-
creased endotoxemia was found to be associated with
increased fat consumption in obese humans® leading to an
increased inflammation state.>* Some studies have shown
that a higher fat content of a diet involves a higher intes-
tinal permeability and consequently, an increase in plas-
ma LPS levels.”® This phenomenon has been explained by
the fact that the insoluble fraction contained in the LPS
structure can be incorporated into micelles and absorbed
into the chylomicrons in the postpandrial period after a
fatty meal.’® Specifically, saturated fats have been posi-
tively associated with the Bacteroides group.’' An adult’s
microbiome is not particularly enriched in genes involved
in fatty acid metabolism, but some interactions between
PUFA and the microbiota have been described, suggest-
ing that these fatty acids can positively influence the ad-
hesion of Lactobacillus to the jejuna mucosa and these
bacteria may have a potential regulatory effect on PUFA
absorption (Table 1).”” Nevertheless there is a lack of
human studies regarding the role of specific fat types on
the gut microbiota.

Conclusions

It remains widely accepted that diet has a large influence
on the gut microbiota composition, although mechanistic
studies are needed in order to determine those bioactive
constituent(s) or metabolite(s) coming from the gut bacte-
ria that are responsible for the described effects. Among
the different dietary components, carbohydrates, specifi-
cally the non-digestible starches, seem to play a key role,
particularly related to the formation of SCFA. The poly-
phenols occurring in the typical Mediterranean diet have
shown certain beneficial properties. More studies are
needed to determine a possible effect of protein intake on
microbiota composition changes. What is even more ob-
vious is that more studies in humans are needed examin-
ing every component of the diet to assess the effects on
the microbiota and to evaluate these effects in the context
of a whole diet.

More research is needed regarding diet-microbiota-
inflammation associations, as there are not many studies
that explore this connection. Probiotic therapy offers an
intriguing approach to promote host health via delivering
anti-inflammatory mediators.

Although more work is needed, specific dietary factors
(carbohydrate, protein and Mediterranean food) have
been shown to have an influence on the gut microbiome
composition, meaning that there is an opportunity to pre-
vent and treat obesity.
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