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Abstract Recently, a great deal of interest has been ex-
pressed regarding strategies to tackle worldwide obesity
because of its accelerated wide spread accompanied with
numerous negative effects on health and high costs. Obe-
sity has been traditionally associated with an imbalance in
energy consumed when compared to energy expenditure.
However, growing evidence suggests a less simplistic
event in which gut microbiota plays a key role. Obesity, in
terms of microbiota, is a complicated disequilibrium that
presents many unclear complications. Despite this, there is
special interest in characterizing compositionally and
functionally the obese gut microbiota with the help of
in vitro, animal and human studies. Considering the gut
microbiota as a factor contributing to human obesity rep-
resents a tool of great therapeutic potential. This paper
reviews the use of antimicrobials, probiotics, fecal micro-
bial therapy, prebiotics and diet to manipulate obesity
through the human gut microbiota and reveals inconsis-
tencies and implications for future study.
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Introduction

The human gut can be considered a bioreactor that harbors a
complex ecosystem of microbes, collectively termed the mi-
crobiota, which is estimated to include at least 10' cells ml~!
(Backhed et al. 2004). Nearly 1.5 kg of bacteria reside in the
human gut (Nicholson et al. 2005), and approximately 50 %
of the wet weight of fecal biomass in humans is estimated to
come from bacterial cells (Zhao 2013). The identification and
analysis of the metabolic capacity and phylogeny from these
gut microbial communities unfold specific characteristics in
healthy and unhealthy subjects (Ramakrishna 2013; Aguirre
et al. 2014). Therefore, it has been possible to propose a po-
tential causative role for the microbiota in several types of
disorders (Faith et al. 2014).

Interestingly, increasing evidence suggests that the gut
microbiota plays an important role in human obesity
(Harris et al. 2012; Aguirre et al. 2014; Guida and
Venema 2015). Several important discoveries have been
made from which we highlight: (i) the impact of dietary
components on the composition of gut microbiota. It has
been estimated that as much as approximately 57 % of
the total structure (i.e., composition) of the gut micro-
biota could be explained by dietary changes, while some
12 % could be attributed to host genetics (Zhang et al.
2010). (ii) the effects of gut microbiota composition and
activity on mucosal and systemic immune responses and
energy metabolism (Requena et al. 2013). Obesity is
generally accepted as a state of chronic, low-grade in-
flammation (Guida and Venema 2015). Findings suggest
that the increase in the uptake of lipopolysaccharide
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(LPS), a molecule released by Gram-negative bacteria in
the gut, and the permeability of the intestine induce a
systemic inflammation (Requena et al. 2013). Further-
more, commensal mucosal bacteria interacting with the
mucus layer may also have an effect on obesity as
shown by Everard et al. (2013) who inversely correlated
the abundance of A. muciniphila and obesity. Last but
not least, it has been found that metabolites produced
from the fermentation of indigestible dietary compounds
serve as energy source to the host (“energy harvest”
hypothesis) and they have been proposed to mediate
(indirectly) the release of satiety hormones (Guida and
Venema 2015).

The analysis of mice and human gut microbiota over
time during weight loss or weight gain has revealed in-
teresting dynamics. In mice and in vitro models, the effect
of diet on the microbiota seems to be more straightforward
than in humans due to a better control of variables (e.g.,
genetics, diet, environmental factors). In humans, a high
variance in the results is observed, and it might be that diet
could affect and modify the microbiota but in a way that is
depending on the existing microbiota of the individual.

Due to the conflicting pieces of evidence from in vitro
data, animal models and human interventions, it is impor-
tant to understand and reduce the inconsistencies in the
current scientific data. Still, already studies investigating
the influence of diet on microbes and optimal health have
emerged as a potential therapeutic treatment to tackle
obesity.

There are many promising strategies to manipulate the
gut microbiota (Fig. 1). In this review, we highlight the use
of antimicrobials, probiotics, fecal microbial therapy, pre-

Fig. 1 Different strategies to
manipulate the gut microbiota

biotics and diet with a focus on these interventions in
tackling human obesity.

Strategies to manipulate gut microbiota in obesity
Antibiotics

Antibiotic treatment constitutes one important factor that
disturbs microbiota composition (Moreno-Indias et al.
2014). Due to their broad-spectrum activity, antibiotics can
also target nonpathogenic and even beneficial populations
in the gut, thereby disrupting important interactions with
the host (Chen et al. 2014). However, evidence about the
consequences of antibiotic use on obesity is controversial,
as it has raised suggestions of both promoting and pre-
venting obesity.

Antibiotics have been used in animals as growth-pro-
moting agents with the aim of increasing their size and
weight. Strikingly, such effects have not been observed
with antivirals or antifungals (Butaye et al. 2003; Dibner
and Richards 2005; Cho et al. 2012). The weight gain ef-
fects from antibiotics observed in animals have been sug-
gested to also potentially occur in humans. For instance,
the different groups of bacteria which have been affected
after antibiotic consumption may take several months to
recover (Jernberg et al. 2010; Dethlefsen and Relman
2011). Therefore, it has been suggested that antibiotic
therapy (at therapeutic doses) in early life can dramatically
affect the evolution of infant gut microbiota (Fouhy et al.
2012), making these treated children prone to develop
obesity, due to a dysbiosis of their gut microbiota.
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Rosenberg et al. (1974) reviewed the effects of using
oxytetracycline and chlortetracycline from studies involv-
ing over 900 infants and children with a long-term use (as
long as 3 years) from 1952 to 1963. The authors observed
that children under antibiotic treatment showed an increase
in height and weight gain. Most recent studies also agree
with the link between obesity in infants and their early
exposure to antibiotics. Bailey et al. (2014) associated the
exposure of antibiotics during infancy with early childhood
obesity in a cohort study spanning 2001-2013 health
records comprising 64.580 children. Another study, deter-
mining the impact of antibiotic therapy on BMI changes in
adults with infective endocarditis (IE), observed that van-
comycin- and gentamycin-treated patients increased sig-
nificantly in their BMI values, while other patients treated
with other antibiotics did not (Thuny et al. 2010). A major
effect was observed in male patients who did not have
cardiac surgery and were older than 65 since they, indeed,
developed obesity.

Antibiotic treatment has also been indicated to prevent
obesity, by improving glucose tolerance and improving
endotoxemia (Cani et al. 2008; Membrez et al. 2008).
Evidence in mice suggests that antibiotic therapy has a
considerable impact on adiposity and plasma LPS levels,
oxidative stress, macrophage infiltration in adipose tissue,
inflammation and metabolic disorders (Cani et al. 2008;
Bech-Nielsen et al. 2012). Such effects could have impli-
cations in type 2 diabetes, low-grade inflammation and
obesity. In addition, the decrease or delay in the onset of
diabetes has also been observed in an antibiotic treatment
combined with a hydrolyzed casein diet in rats (Brugman
et al. 2006). These findings underscore the implications of
antibiotics in obesity which have brought the controversial
speculation by experts that obesity could be reversed in
infants from families with this problem by following an
early life specific antibiotic treatment to manipulate the
obesogenic bacteria transferred from the mother during
delivery (Jess 2014).

The exact mechanisms by which antibiotics may pro-
mote or counteract weight gain are not clearly understood
(Moreno-Indias et al. 2014). Still, at present, the main
hypotheses are as follows:

(i) Perturbation of the intestinal barrier: the disrup-
tion of the integrity of the intestinal barrier which
promotes an increased inflammatory tone of the
gut (Wlodarska et al. 2011). As previously
studied, obesity may also be associated with gut
inflammation (Hotamisligil 2006; de La Serre
et al. 2010);

(i)  Alteration of the microbial activity and metabo-
lism: competing microorganisms are reduced
which may spare nutrients and leave them for

the host (Feighner and Dashkevicz 1987). Fur-
thermore, there is possibly an attenuated produc-
tion of important metabolites such as short-chain
fatty acids (SCFA) as well as differences in the
capacity to metabolize and transport vitamins, bile
acid, hormones and cholesterol (Perez-Cobas et al.
2013; Chen et al. 2014). In case of a lower
production of SCFA, there is no longer an extra
input of energy to the host in the form of the acids,
which act as an energy source for the gut
epithelium and are involved in gluco- and lipo-
neogenesis. An increased production of SCFA is
thought to be characteristic from the obese
microbiome (Fava et al. 2013). In addition, it
has been suggested that antibiotic uptake may
interfere with sugar anabolic capacity of the
microbiota by altering the enzymes controlling
consistency, composition and thickness of mucin
glycans (Hernandez et al. 2013). An attenuated
production of growth depressing toxins has also
been proposed (Feighner and Dashkevicz 1987);

(iii)) Weakening of the innate immunity: as a conse-
quence of antibiotic use, the low diversity induced
in the microbiota can decrease the amount of
receptors of microorganism-associated molecular
patterns (MAMP) (Dessein et al. 2009; Wells et al.
2010). In addition, the dysregulation in the
secretion of cytokines related to pro-inflammatory
processes reduces the regulation of T cell differ-
entiation and activation (Ivanov et al. 2009). The
effect of weakening the innate immunity, at a
certain degree, may demand less energy from the
host stimulating weight gain (Williams et al.
1997).

However, generalization of the effect of antibiotics in
human obesity has to be carefully done. To begin with, an
important issue to consider is that a large number of clin-
ical studies are focused on compositional and diversity
analysis of the effects of antibiotic on gut microbiota
(Moreno-Indias et al. 2014). This makes it difficult to
critically evaluate whether an improvement in metabolic
derangements actually occurs in humans as indicated from
studies in animals (Moreno-Indias et al. 2014). In addition,
response to antibiotic treatment varies among individuals
and it has been suggested that indirect factors play a role,
such as antibiotic-resistant genes in the microbial com-
munity, route of administration (orally or intravenous ad-
ministrated) and/or dosage (Dethlefsen et al. 2008; Falagas
and Karageorgopoulos 2010; Bifulco 2014). The use of
antimicrobials has been suggested to be accompanied by an
adjustment of dose dependent on composition and body
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size in adults (Falagas and Karageorgopoulos 2010). For
instance, altered physiological factors commonly found in
obese subjects including metabolism, protein binding and
clearance of antimicrobial agents can potentially affect
pharmacokinetics of drugs, including antibiotics (Pai and
Bearden 2007; Falagas and Karageorgopoulos 2010). Hy-
drophilic antibiotics may present a high distribution in
obese subjects, but they have a lower capacity to dissolve
in adipose tissue (Falagas and Karageorgopoulos 2010). In
fact, differences in absorption of drugs in the gastroin-
testinal tract are still not clear among subjects differing in
weight (Polotsky and Polotsky 2010). Finally, it is impor-
tant to consider time of exposure to antibiotics. After short-
term antibiotic therapy, the gut microbiota can recover.
However, permanent alterations have been suggested after
long-term treatment (Robinson and Young 2010). For in-
stance, it has been proposed that antibiotics may lead to the
complete elimination of specific bacteria in some indi-
viduals (Bartosch et al. 2004; Savino et al. 2011).

Probiotics

Probiotics are defined as “live microorganisms which,
when consumed in adequate amounts, confer a health effect
on the host” by the World Health Organization and the
Food and Agriculture Organization of the United Nations
(Morelli and Capurso 2012).

Evidence about the “anti-obesity” effects of probiotics
mainly comes from research performed in rodents and the
administration of the genus Lactobacillus (Druart et al.
2014). This is striking, given the positive correlations that
have been found between the presence of lactobacilli and
obesity by some (Armougom et al. 2009; Million et al.
2012).

Lactobacillus gasseri BNR17 feeding showed a fat mass
gain but body weight suppression in obese rodents fol-
lowing a high-sucrose diet (Yun et al. 2009; Kang et al.
2010, 2013; Druart et al. 2014). Some other studies have
focused on the use of Bifidobacterium strains to evaluate
the effects of probiotics and their potential antiobesity ef-
fect (Druart et al. 2014). Such studies used specifically B.
adolescentis or B. longum or a combination including
mainly B. longum SPM1207-SPM1205 and B. pseudo-
catenulatum SPM1204 (An et al. 2011; Chen et al. 2011,
2012; Druart et al. 2014).

A few interventions have evaluated the effect of probi-
otics on weight modulation in humans. For instance, L.
rhamnosus GG (ATCC 53103) and Bifidobacterium lactis
Bbl2 along with dietary counseling were found to influ-
ence maternal anthropometric measurements during and
after pregnancy (Ilmonen et al. 2011). The reduction in
these measurements was also observed in overweight
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adults after 12 weeks of intervention with L. gasseri
SBT2055 (Kadooka et al. 2010). In addition, the perinatal
use of L. rhamnosus GG was demonstrated to inhibit ex-
cessive weight gain in children during the first years of life
(Luoto et al. 2010).

The administration of probiotics also indicates their
effect on counteracting certain metabolic diseases asso-
ciated with obesity (Druart et al. 2014). For instance,
Hamad et al. (2009) examined the potential impact of
milk fermented with L. gasseri SBT2055 on adiposity
parameters in obese and lean Zucker rats. Obese Zucker
rats present a mutation in the leptin receptor gene which
stimulates over-eating in these animals leading to obesity
(Chua et al. 1996). The study revealed that obese animals
did not present a significant alteration in serum leptin
concentrations, contrary to the lean rats which decreased
nearly 36 %. Yet, levels of total and HDL cholesterol
were significantly reduced in obese rats, while
adiponectin and glucose were not altered in any of the
groups. The study provides an indication about the re-
duction in adipocyte hyperthrophy and visceral adipose
tissue mass. Still, the authors could not clearly attribute to
the probiotic strain alone, as they might have occurred
from its milk fermentation products as well.

Despite the interesting results, there is some controversy
regarding the consumption of probiotics and their role in
obesity (Raoult 2009; Clarke et al. 2012) as eluded to
above. Supplementation with probiotics has been suggested
as a therapy for inducing weight gain in subjects suffering
from severe acute malnutrition (Solis et al. 2002; Kerac
et al. 2009; Angelakis et al. 2013). Furthermore, Raoult
suggests to be cautious with the consumption of probiotics
previously used as growth promoters in the animal food
industry and that there is a need to fully study such prod-
ucts in order to confirm how safe they are for human use
(Raoult 2009). Such views have been criticized by other
scientists either rejecting the supporting data cited in their
opinion by considering it not representative or not showing
a significant impact on weight gain in the subjects studied
(Delzenne and Reid 2009; Ehrlich 2009; Clarke et al.
2012). Moreover, effects of probiotics are strain specific, so
there may very well be strains that have an anti-obesogenic
property.

Further studies on the effect of probiotics in human
obesity need to address:

(i) A deep analysis of the gut microbiota after the
ingestion of the probiotic tested since there is little
evidence evaluating whether the selected probiotic
bacteria are, in fact, directly responsible for the
improvement in metabolic disorders including
obesity (Druart et al. 2014). For instance, a study
investigating the effect of the supplementation of
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L. acidophilus NCDC13 increased Bifidobacteri-
um spp in the gut microbiota (Arora et al. 2012);

(i) Their modulation of the production of bacterial
metabolites in order to propose a clear mechanism
underlying correlations with obesity (Druart et al.
2014);

(iii) Time of treatment and dosage, since some studies
suggest that failing in showing the effect of
probiotics in patients with metabolic syndrome is
due to a short duration and/or under-dosing of the
strain (Leber et al. 2012; Tripolt et al. 2013);

(iv)  The likelihood that related probiotic strains differ
in their phenotype and genotype and therefore
their probiotic effect (Klaenhammer et al. 2008).
Therefore, comparisons between strains in order
to critically evaluate the specific ability of certain
probiotic strains in the modulation of obesity have
been suggested (Druart et al. 2014).

Fecal microbial therapy

Fecal matter has been traditionally considered a waste. Yet,
the potential of fecal microbial therapies demonstrates the
value of a fecal donation (Allen-Vercoe et al. 2012). Cur-
rently, there are two innovative and noninvasive ways of
fecal microbial therapy with a promising future in treating
or preventing obesity: fecal microbiota transplantation
(FMT) and “synthetic fecal” transplantation (SFT).

FMT has been suggested to potentially re-establish the
healthy microbiota in the recipient and to preserve around
1150 functional bacterial species transferred by the healthy
donor (Qin et al. 2010; Zhang et al. 2012). As explained by
Zhang et al. (2012), the practice of FMT is not new, since
evidence indicates the use of human fecal slurries in pa-
tients suffering from severe diarrhea or food poisoning by
Ge Hong, a well-known traditional doctor during the fourth
century in China. Such treatment was considered as a
medical miracle due to the improvement in the critical
conditions of the patients. However, there is a lack of lit-
erature about the use of FMT to potentially treat or prevent
obesity.

In FMT, a fecal suspension from a donor is adminis-
trated to a recipient (Borody et al. 2014). Various methods
of installation are used for FMT which include upper tract
endoscopy, nasogastric tube retention enema, colonoscopy
and a nasojejunal tube (Gough et al. 2011; Postigo and Kim
2012). Nevertheless, it has been suggested that the best
route for administration should be determined based on the
anatomic location of the disease (Smits et al. 2013).

FMT has been used in patients with severe Clostridium
difficile infection (CDI), relapsing CDI or CDI in inflam-
matory bowel disease (IBD) (Smits et al. 2013). Regardless

of the route of installation, it has been observed that a
success rate of 76-92 % can be achieved (Bakken 2009;
van Nood et al. 2009; Gough et al. 2011). Some studies
report the use of FMT in patients with irritable bowel
syndrome (Borody et al. 1989, 2004; Smits et al. 2013),
autoimmune diseases (Borody et al. 2014) and metabolic
diseases (Vrieze et al. 2012). In regard to metabolic dis-
eases, Vrieze et al. (2012) observed that after the infusion
of microbiota from lean human donors to obese recipients,
the insulin sensitivity from the recipients improved. The
authors indicated that probably such improvement is due to
the increment in the production of butyrate by the colonic
bacteria. The transplantation procedure in this case was
performed in the duodenal region which was suggested to
be effective and safe for treating metabolic disorders
(Vrieze et al. 2012).

Major concerns regarding FMT include the absence of
safety measures, the lack of a standardized treatment
regime and the potential encouragement of patients to try
the treatment at home without medical supervision (Sil-
verman et al. 2010; El-Matary et al. 2012; Petrof et al.
2013b). Furthermore, there is no consensus regarding
screening tests for donors with respect to carriage of
pathogens or diseases, which constitutes a drawback of the
technique. There is an imminent risk in transmitting un-
known bacteria that are considered commensal, but with
the potential to induce disease, such as certain groups as-
sociated with colorectal cancer or unknown pathogens
which may also represent a threat if the recipient is im-
muno-compromised (Allen-Vercoe et al. 2012; El-Matary
et al. 2012; Petrof et al. 2013a). In addition, there is the
possibility that FMT has beneficial effects only from
specific donors (e.g., superdonors) (Nieuwdorp et al. 2014).
Therefore, further studies are needed to evaluate their po-
tential in treating or preventing obesity. Moreover, even in
the trial of Vrieze et al. (2012), there were people who were
nonresponders, either due to their own physiological state
or due to the fact that they received a sample from a donor
that was not efficacious. Since we do not know what an
efficacious microbiota looks like, these issues will unlikely
be resolved in the near future.

The other fecal microbial therapy constitutes the use of a
SFT. In this technique, well-characterized strains derived
and cultured from a fecal donation from a healthy indi-
vidual are transplanted to a recipient (Allen-Vercoe et al.
2012). The strains are grown in cultures (defined mixtures
that aim to be representative to a native fecal microbiota)
and are administered in a suspension to the recipient (Al-
len-Vercoe et al. 2012; Petrof et al. 2013a). This type of
fecal substitute has shown to be a feasible and effective
alternative to the use of the transplantation of feces from a
donor (Petrof et al. 2013b), which seems to overcome the
limitations from FMT in terms of transmission of a donor’s
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infection and patient acceptance. As explained by Petrof
et al. (2013b), the benefits from using a synthetic transplant
over a conventional transplant are that the composition of
the mix of bacteria to be transplanted is known which
guarantees: (i) an enhanced safety profile: the reduced
contamination of potential pathogens including viruses,
while the bacteria included are selected based on their
sensitivity to antimicrobials; (ii) reproducibility: the
preparation could be replicated in case of future treatment
in a chemostat allowing the species to grow in a continuous
culture under conditions resembling to the gut without af-
fecting its stability (Allen-Vercoe et al. 2012; Petrof et al.
2013Db). The pilot study from Petrof et al. (2013b) in which
they evaluated the use of a synthetic stool comprising 33
isolates recovered from the fecal sample from a healthy
donor seems promising for the treatment of CDI. Interest-
ingly, the authors also observed that the transplanted bac-
teria seemed to stably colonize the colon which offers an
advantage over the consumption of probiotics due to their
transient effect. However, conclusions about the potential
effects of SFT cannot be easily drawn from the study due to
the small patient population studied (n = 2). Therefore,
rigorous clinical trials are also needed to study the utility,
effectiveness and safety of SFT (Allen-Vercoe et al. 2012),
as well as its potential as a therapy for obesity. Further-
more, a perceived difficulty of this technique comes from
the experience that the microbial ecosystem from the hu-
man gut is difficult to culture. Yet, Petrof et al. (2013a)
allude to recent technological advances to make progress in
this area.

Prebiotics

The so-called Western diet is characterized by an unbal-
anced high content of refined carbohydrates when com-
pared to other diets from the early human history, or those
typical for developing countries (Scott et al. 2008). The
potential of prebiotics to reduce food intake, fat mass de-
velopment and body weight was demonstrated more than
10 years ago by changing the gut microbiota (with prebi-
otics such as inulin and oligofructose) and the cross-talk
between the brain and gut microbiota (Cani et al. 2004,
2005; Delzenne et al. 2005). Therefore, the future of pre-
biotics use to decrease the incidence and morbidity of
obesity in humans is an interesting field to explore. For
instance, the analysis of the gut microbiota from two
healthy individuals reflected a microbial community en-
riched in many clusters that represent key genes involved
in the pathway of methane production of methanogens
(Gill et al. 2006). This finding triggered the potential of
modulating the growth dynamics of Methanobrevibacter
smithii, the major representative of the human colonic
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methanogens, as a potential target to reduce energy harvest
in obese individuals (Samuel et al. 2007; Schwiertz et al.
2010).

Prebiotics are defined as “nondigestible food ingredient
that beneficially affects the host by selectively stimulating
the growth and/or activity of one or a limited number of
bacteria in the colon, and thus improving host health”
(Gibson and Roberfroid 1995). Prebiotic treatment offers a
wide range of benefits. It does not only promote the growth
of specific bacteria but also inhibits the growth of certain
other groups. Such effect was observed for instance by
Everard et al. (2011) in ob/ob mice after prebiotic treat-
ment. The extensive gut microbiota analysis identified a
catalog of more than 100 operational taxonomic units
(OTUs) that were different after the administration of the
prebiotic feeding. Furthermore, fold changes (increase/de-
crease) of certain bacteria of more than tenfold were ob-
served in some cases.

The administration of prebiotics also stimulates the
production of SCFA which may modulate the secretion of
gut peptides (Brown et al. 2003; Ge et al. 2008; Samuel
et al. 2008; Kimura et al. 2011). Prebiotics may exert a
satietogenic effect as demonstrated and confirmed in
studies with mice in which the effects of acetate on pro-
duction of appetite suppression were shown, even in ab-
sence of increased levels of GLP-1 and PYY (Frost et al.
2014). In humans, the satietogenic effects of prebiotics
such as oligofructose have also been shown (Cani et al.
2006, 2009a).

Some data suggest that prebiotics also have the potential
of enhancing the gut barrier which consequently improves
metabolic disorders (Clarke et al. 2012). Cani et al. (2009b)
observed that prebiotic (oligofructose) consumption in
mice stimulated the production of GLP-2 which, at the
same time, may lower plasma LPS, enhancing mucosal
barrier function by improving tight junctions. As described
by the authors, a wide range of specific tight junction
proteins controls gut permeability. ZO-1 and occludin
proteins, in particular, have been considered as key mark-
ers of tight junction integrity. In this study, it was observed
that treatment with prebiotics increased the mRNA levels
of these proteins in the jejunum segment. Furthermore,
oligofructose also stimulated the growth of Bifidobacterium
spp which was also linked to a reduction in gut perme-
ability. In addition, an increased production of SCFA is
thought to be characteristic of the obese microbiome and it
has been paradoxically observed to be reversed with the
use of prebiotics (Salazar et al. 2014).

The mechanisms through which prebiotics act have been
suggested to be dose dependent (Parnell and Reimer 2012).
Therefore, the full assessment of the therapeutic potential
of prebiotics for treating obesity needs further study.
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Diet

A high diverse microbiota is believed to be more resistant
to changes when compared to less diverse communities
(Ursell et al. 2013). As explained by Alcock et al. (2014),
the competing groups from a diverse microbiota may invest
resources in counteracting and cooperating with each rather
than manipulating the host.

Diet in general has been shown to exert an important
impact on the gut microbiota regardless of other variables
such as sanitation, ethnicity and climate (Chen et al. 2014).
For instance, a study comparing the composition of the
microbiota from omnivores, carnivores and herbivores (in
mammalian species and humans) revealed a separation of
carnivores and omnivores from herbivores (Muegge et al.
2011). The authors emphasized the relevance of diet in
establishing this differentiation among the analyzed com-
munities. Another study correlated a long-term diet with
gut microbial enterotypes (Wu et al. 2011). The enterotype
concept consists of clustering the gut bacterial community
in three different consortia: Bacteroides-, Prevotella- or
Ruminococcus-enriched, respectively. Bacteroides en-
terotype has been found in subjects with a diet rich in
animal fat, protein and saturated fats, whereas a diet low in
these dietary components but rich in carbohydrates and
simple sugars has been associated with the Prevotella en-
terotype (Wu et al. 2011).

Therefore, it is of great interest to identify certain dietary
compounds for the re-establishment of the disturbed balance
of the microbiota from obese subjects as a potential alter-
native to treat obesity. So far, these dietary compounds have
been restricted to carbohydrates. For instance, the study
from Yang et al. (2013) suggests that the fermentation of
certain cereal grains may be beneficial in improving health
from obese individuals. The authors found small differences
in propionate and butyrate production in the microbiota
activity from obese subjects when compared to lean after the
in vitro fermentation with different dietary fibers. However,
health improvement was suggested to depend not on the
total cumulative SCFA production but on the final SCFA
ratios produced after fermentation. In addition, the assess-
ment of fibers of different apple cultivars in an in vitro
fermentation using microbiota from diet-induced obese
mice by Condezo-Hoyos et al. (2014) suggests that such
compounds may help to stabilize disturbed microbiota in
obese subjects. Furthermore, the normalization of the en-
docannabinoid (eCB) system has been shown to be achieved
by prebiotic treatment. Muccioli et al. (2010) found a con-
sistent decrease in colonic CB; and plasma LPS levels in ob/
ob mice fed with prebiotics (mixture of oligofructose). The
authors suggest that the manipulation of gut microbiota
composition using prebiotics potentially decreases the de-
velopment of fat mass and gut permeability in obese mice.

However, dietary interventions in humans show that
there is a very strong individual variation in responses
(Korpela et al. 2014; Salonen et al. 2014). Salonen et al.
(2014) attributed only 10 % of the changes in the micro-
biota composition to diet after the study of obese subjects
following four different fully controlled diets in a weight
loss program. As mentioned earlier, approximately 57 % of
changes in the composition of the microbiota have been
attributed to diet. However, this has been observed in
studies with mice. As explained by Salonen et al. (2014),
the differences in their outcome and such reference value
could be attributed to the fact that there is smaller total
variance in the mice microbiota due to a better control of
environmental and genetic variables in these animals.
Therefore, it was suggested to stratify human individuals
into responders and nonresponders based on their gut mi-
crobiota as previously suggested with considering fecal
microbial transplantations.

Another factor to consider is that highly targeted specific
approaches can potentially affect the diversity of the gut
microbial community and promote a dysbalance. For in-
stance, the findings from Salonen et al. (2014) provide an
indication that a specific prebiotic may elicit the highly
targeted dominance of certain groups, affecting the natural
balance. Therefore, the promotion of a diverse community
is suggested to be accomplished by providing complex or
multiple substrates (Salonen et al. 2014).

Compared to animal data, the data from human dietary
interventions are less conclusive, which could be due to the
fact that the high degree of variation in individuals makes it
hard to find a “normal” response or normal/healthy mi-
crobiota composition for that matter. This represents con-
siderable frustration in nutritional studies which bears two
questions: (i) is there any strategy that could be applied to
understand better this individuality? and (ii) since variation
has been considered a standard noise, can it really be
handled or does it preclude to identify any effect on the
microbiota composition? Furthermore, an important aspect
to consider in dietary studies is the choice of its design
which will make a major impact on finding statistically
differences in the data.

Can we predict dietary response based
on microbiota composition?

The vast inter-individual variation in terms of composition
and functional properties of the microbiota of healthy hu-
man individuals makes responses to dietary interventions
difficult to predict and highly variable (Korpela et al.
2014). However, the proposed niche specialization formed
by a metabolic network between different bacteria capable
of a specific enzymatic transformation (Arumugam et al.
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2011; Wu et al. 2011; Faust et al. 2012; Lozupone et al.
2012; Lampe et al. 2013) could be used, together with the
“-omics” platform (meta-genomics, meta-transcriptomics,
meta-proteomics and metabolomics), as an approach to
predict the response of gut microbiota to certain perturba-
tions in the ecosystem.

The concept of nutritional phenotype was introduced by
Zeisel et al. (2005) which has been proposed as a tool that
quantitatively indicates the paths by which environment
and genes influence human health integrating diet as a
primary factor. The inclusion of epigenetic, genetic, gut
microbiome and metabolomics data has been suggested in
order to create multi-dimensional data which can be used
for the characterization of health in individuals (Lampe
et al. 2013), or as a means of stratifying individuals into
potential responders/nonresponders.

Furthermore, as mentioned before, synthetic human gut
microbial communities selected from specific collections
of members of the microbiota may help to represent cer-
tain physiological or pathological states, from which
functions could be distilled for making in silico predic-
tions attributed exclusively to the gut microbiota (Faith
et al. 2010). Such model communities may help to eluci-
date (in silico) the modulation of gene expression by mi-
crobiota in response to changes that include host
physiological status, diet or colonization by other mi-
croorganism (Faith et al. 2010).

Research is growing in this area. For instance, Faith
et al. (2011) and McNulty et al. (2013) have recently used
gnotobiotic mice to shape personalized culture collections
(ranging from 10 to 12 species) and manipulate them to
allow extensively studying of the effects of defined dietary
perturbations (high in fat, simple sugars, polysaccharides or
protein) on the species abundance and gene expression.
However, when considering humans and all the complexity
found in the gut bacterial community as a whole, a chal-
lenge of modulating the gut microbiota with therapeutic
purposes implies the identification of individuals that re-
spond positively to the intervention (Korpela et al. 2014).
For instance, Korpela et al. (2014) studied three indepen-
dent data sets of studies including obese individuals fol-
lowing different dietary interventions. The authors found
that some individuals respond to treatment while others do
not respond or show adverse responses.

As also proposed with personalized dietary recommen-
dations, the prediction of a dietary response based on the
microbiota requires the consideration of different factors
(Lampe et al. 2013):

(i) A consensus about the inclusion data considered for
this kind of analysis, in particular, the application of bio-
statistical approaches;

(i1) An evaluation of the most effective way to integrate
omics data;

@ Springer

(iii) The use of dietary intervention studies with the aim
of generating a phenotypic profile. In this regard, ran-
domized crossover designed control feeding studies have
been suggested as powerful tools in which the -omics
platform can be validated and tested for their robustness
with the purpose of deeply characterizing the effects of diet
and the response in human beings.

Furthermore, (iv) the assumption that the metabolic
structure is uniform among individuals has to be overcome
and, therefore, the belief that there is a direct cause—effect
relationship;

Finally, an important factor to consider is (v) the lack of
a robust healthy phenotype from which dietary recom-
mendations can be developed.

Concluding remarks

The manipulation of gut microbiota represents a potential
tool to treat obesity which can be used as an argument to
debate Charles Dickens words: “Subdue your appetites, my
dears, and you’ve conquered human nature.” However, gut
microbiota manipulation is not a substitute for exercise and
healthy diet (Moreno-Indias et al. 2014). Furthermore,
before any strategy aimed to modulate the human gut mi-
crobiota in order to prevent or tackle obesity is used, it
demands vast amounts of evidence and hence, inevitably,
further research.
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