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           Introduction 

 Interest in the role of the resident gut microbiota 
in human health and disease has increased rap-
idly over the past 10 years, including strong inter-
est in the potential for our gut microbiota to 
infl uence weight gain and adiposity. Much of this 
interest was triggered by the hypothesis that the 
composition of the bacterial communities in our 
gut can infl uence ‘energy harvest’ from the diet 
[ 1 ] and by evidence for microbial infl uences on 
fat deposition [ 2 ]. As research has progressed, 
the interpretation of experimental data has often 
had to be refi ned, and many more interactions 
have emerged that suggest possible impacts of 
the microbial community on host physiology, 
energy intake and expenditure, as discussed in 
recent reviews [ 3 – 7 ] (Fig.  5.1 ). We will attempt 
here to give a brief overview of this rapidly devel-
oping fi eld of research.

   The ability to analyse gut microbial com-
munities by non-cultural approaches, especially 

high- throughput sequencing, has led to a great 
deal of new information on the diversity and com-
position of the human colonic microbiota. 
Phylogenetic approaches based mainly on ampli-
fi ed 16S rRNA genes reveal that the two dominant 
bacterial phyla detected in faecal samples from 
healthy individuals are the Gram-negative 
Bacteroidetes and the Gram-positive Firmicutes, 
with Proteobacteria, Actinobacteria and 
Verrucomicrobia also represented. Although there 
is considerable inter-individual variation at the 
species level, 50–60 dominant species are present 
in most individuals [ 8 – 10 ]. It is not yet clear 
whether inter-individual variation in microbiota 
composition is continuous or semi-discrete, and 
evidence suggestive of different ‘enterotypes’ [ 11 ] 
within the human population is currently under 
debate. Communities dominated either by 
 Prevotella  spp. or  Bacteroides  spp. (both belong-
ing to the Bacteroidetes phylum) have been 
reported from several large studies, but evidence 
for a third, Firmicutes-dominated, enterotype orig-
inally proposed by Arumugam et al. [ 11 ] appears 
less consistent [ 12 ,  13 ]. It now appears that diet 
may be a major factor driving such variation [ 12 ].  

    Impact of Diet on the Gut 
Microbiota 

 The main energy sources available to bacteria in 
the large intestine are non-digestible carbohy-
drates (plant cell wall polysaccharides and resis-
tant starch) and host products, especially mucin. 
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There is clear evidence that gut microbiota com-
position changes with dietary intake. This can be 
seen in short-term dietary intervention studies, 
where the representation of certain groups in the 
faecal microbiota is reported to increase within a 
few days of switching to diets high in particular 
non-digestible carbohydrates such as resistant 
starch [ 9 ,  14 ]. There is also clear evidence from 
numerous studies for microbiota changes in 
response to prebiotics [ 15 – 18 ]. These short-term 
shifts are however strongly infl uenced by inter- 
individual variation, and individual variation 
apparently remains the main factor determining 
the overall composition of the microbial commu-
nity despite the consistent response of specifi c 
‘diet-responsive’ bacterial groups [ 9 ]. Broadly- 
based shifts in the gut microbial community have 
nevertheless been reported in groups of subjects 
who differ in habitual, long-term dietary intake. 
In particular, Wu et al. [ 12 ] reported higher pro-
portions of Bacteroidetes in subjects consuming 
diets high in protein, and higher proportions of 
 Prevotella  in those consuming more fi bre. A sim-
ilar shift was seen in a group of African children 
compared with Italian children whose diets dif-
fered in fi bre and protein intake [ 19 ]. 

 In obese subjects, gut microbiota changes 
have also been shown to result from weight-loss 
diets. In obese male volunteers there was a sig-
nifi cant decrease in the faecal populations of the 
 Roseburia  +  E. rectale  group of Firmicutes bacte-
ria and in bifi dobacteria within 4 weeks follow-
ing a shift to weight-loss diets with high protein 

and decreased carbohydrate contents [ 20 ,  21 ]. 
The cross-over design showed clearly that this 
change was driven by the diet rather than by 
weight loss, since it was partially reversed when 
there was a shift to a second weight-loss diet con-
taining a higher content of total carbohydrate 
[ 22 ]. In an earlier study, Ley et al. [ 23 ] reported 
an increase in % Bacteroidetes in obese subjects 
following 52-week weight-loss regimes. The ini-
tial % Bacteroidetes in these subjects was lower 
than in most other studies, as discussed below.  

    Evidence for Changes in Microbiota 
Composition in Obese Humans 

 An early report, based on sequencing of amplifi ed 
16S rRNA genes, indicated a much higher ratio of 
Firmicutes to Bacteroidetes in faecal samples 
from 12 obese humans than in two lean controls 
[ 23 ]. This appeared consistent with the higher 
Firmicutes:Bacteroidetes ratio seen in genetically 
obese mice compared with lean mice, leading to 
the proposal that the ratio of these two phyla 
within the gut microbiota might be a causative 
factor in obesity [ 1 ]. Subsequent studies using 
FISH microscopy however either did not detect a 
change in % Bacteroidetes with BMI [ 22 ] or indi-
cated a slightly increased % Bacteroidetes [ 24 ] in 
obese subjects. Numerous studies have now been 
performed using quantitative PCR, high-through-
put sequencing of 16S rRNA genes or metage-
nome sequencing to analyse the faecal microbiota 

Intestinal microbes might :-

1. Promote recovery of extra energy from fermentation of dietary 
residue in obese subjects (‘energy harvest’ hypothesis).

2. Influence gut physiology, especially gut transit, thereby affecting 
energy recovery from the diet. 

3. Contribute to (or help to prevent) obesity by influencing satiety, 
energy intake and expenditure or lipogenesis
metabolites, cellular signalling). 

(via microbial 

4. Impose additional energy costs on the host (eg. inflammation, 
host defences, tissue replacement, altered activity?).

Impact on 
obesity

  Fig. 5.1    Potential infl uence of intestinal microbiota on obesity in humans       
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in obese subjects, leading to the conclusion that 
there is no consistent difference between lean, 
normal weight and obese subjects at the bacterial 
phylum level [ 4 ,  9 ,  25 – 27 ]. Some differences are 
however apparent at the genus and species levels 
[ 28 ] including between MZ twins who were dis-
cordant for BMI [ 29 ]. Given the impact of diet on 
microbiota composition at this level, discussed 
above, it seems likely that such differences will at 
least partially refl ect differences on dietary intake 
between obese and normal-weight individuals. 
Yokota et al. [ 30 ] recently suggested that 
increased secretion of bile acids may contribute 
to alterations of the microbiota on high fat diets 
due to the antimicrobial activity of secondary bile 
acids. They demonstrated microbiota changes in 
line with those seen in several studies on high fat 
diets (i.e. an increase in Firmicutes at the expense 
of Bacteroidetes) after feeding rats increasing lev-
els of cholic acid. There is also increasing evi-
dence that type 2 diabetics show altered 
microbiota profi les when compared with healthy 
subjects, with a decreased representation of cer-
tain groups of Firmicutes and of bifi dobacteria 
[ 31 – 34 ]. The increased incidence of metabolic 
syndrome and type 2 diabetes in obese subjects is 
therefore an important confounding factor when 
interpreting microbiota changes in the obese. 

 Recent work using metagenomic sequencing 
has shown that microbiota profi les in obese sub-
jects can be distinguished as being of low (LGC), 
or high (HGC) gene count, refl ecting high and 
low species diversity [ 28 ]. The LGC type tends to 
be dominated by the Gram-negative  Bacteroides  
and may correspond to one of the ‘enterotypes’ 
proposed by Arumugam et al. [ 11 ]. Obese or 
overweight subjects, showing the LGC profi le 
had signifi cantly higher insulin resistance and 
fasting triglyceride levels, indicative of metabolic 
syndrome, compared with HGC individuals [ 28 ]. 
Moreover, obese LGC individuals showed more 
rapid past weight gain on average than obese 
HGC individuals. In a companion study, a 
12-week intervention on weight-loss diets 
increased the gene count in the LGC group, while 
improving symptoms associated with metabolic 
syndrome in both groups [ 35 ]. The simplest 

interpretation of these fi ndings is that gut micro-
biota composition in these subjects is largely 
driven by their dietary intake, although, con-
versely, consequences of changes in host physiol-
ogy could also infl uence microbiota composition. 
A diet that is low in fi bre and high in digestible 
carbohydrates, especially simple sugars, might 
account for the LGC profi le (found in both obese 
and lean individuals) while at the same time pro-
moting the development of metabolic syndrome. 

 In human studies it is usually not possible to 
distinguish between microbiota changes that are 
consequences of changes in diet and/or host 
physiology from any that might be contributing 
factors in obesity, adiposity and infl ammation. 
However there is intriguing evidence, mainly 
from animal studies to suggest that individual 
bacteria could have more signifi cant roles in 
infl uencing host nutrition, physiology and behav-
iour. A number of studies have shown that trans-
fer of gut microbiota from obese humans, 
compared with non-obese donors, to germ-free 
mice results in increased weight gain and adipos-
ity in the colonised mice. Most recently, this 
result has been reported for obese human twin 
pairs that were discordant for BMI with the 
microbiota from the obese twin promoting adi-
posity and weight gain when transferred into 
germ-free mice to a greater extent than the micro-
biota from the relatively lean twin [ 36 ]. Diet is 
likely to have driven the separation in the micro-
biota composition between the members of each 
twin pair, but the transfer experiments suggest 
that this altered composition is also contributing 
to adiposity and weight gain. Such effects require 
mechanistic explanations and some of the possi-
bilities are considered below.  

    Potential for Microbiota 
Composition to Infl uence Energy 
Recovery from the Diet 

 The gut microbial community in the large intes-
tine contributes to the overall ‘energy harvest’ 
from the diet by fermenting components that 
remain undigested by host enzymes in the small 
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intestine. Short-chain fatty acids produced by 
microbial fermentation are effi ciently transported 
across the gut wall and used as energy sources, 
with butyrate being preferentially utilised by the 
gut epithelium. The over-riding factor that deter-
mines how much energy is delivered via micro-
bial fermentation is the non-digestible 
carbohydrate (fi bre) content of the diet, together 
with gut transit, which is of course infl uenced by 
fi bre content [ 5 ,  37 ]. More rapid whole gut transit 
may lead to a greater fraction of dietary intake 
failing to be digested in the upper GI tract, thus 
increasing the substrate available for fermenta-
tion in the large intestine [ 38 ]. On the other hand, 
rapid transit also tends to decrease the extent of 
fi bre degradation and the effi ciency of SCFA 
absorption [ 37 ]. Faecal SCFA concentrations are 
reported to be higher in obese subjects [ 24 ,  39 , 
 40 ] which seems most likely to refl ect higher 
dietary intake. 

 The potential factor that has attracted most 
speculation is the species composition of the gut 
microbiota [ 25 ,  41 ]. It is therefore worth consid-
ering in more detail the mechanisms by which 
changes in microbiota composition might affect 
energy recovery from the diet by considering the 
following questions. 

    Does Microbiota Composition 
Infl uence the Rate and Extent 
of Substrate Fermentation 
in the Colon? 

 If certain ‘keystone’ species were required to ini-
tiate degradation of recalcitrant substrates, then 
their absence from the microbiota could have a 
major impact on the release of energy from 
dietary residue. An example of this phenomenon 
comes from the fi nding that, among 14 obese 
human volunteers, ingested RS3 starch remained 
largely unfermented only in two individuals who 
lacked ruminococci in their faeces [ 9 ]. Relatives 
of  R. bromii  appear to be particularly potent 
degraders of this type of starch by comparison 
with other amylolytic species [ 42 ]. It is currently 
unclear how common such defi ciencies in 

 ‘keystone species’ are within the general popula-
tion, but their consequence would be to reduce 
energy gain.  

    Does Microbiota Composition 
Infl uence the Stoichiometry 
of Fermentation in the Gut? 

 In vitro experiments show clearly that perturba-
tion of the microbial community composition, 
e.g. resulting from a pH change, can result in 
major shifts in the ratios of the major fermenta-
tion products [ 43 ]. While acetate, propionate and 
butyrate all supply energy to the host, they are 
utilised by different tissues and have different 
physiological consequences, as discussed further 
below. Defi ciencies in butyrate-producing bacte-
ria (which belong to the Firmicutes within the 
human colonic community) have now been 
reported in several disease states, including type 
2 diabetes [ 34 ], and overall decreases in these 
bacteria are known to result in decreased butyrate 
production [ 20 ,  43 ]. 

 Hydrogen utilisation plays a central role in 
anaerobic metabolism, and the consequences 
of variation in hydrogen utilising microbes 
have been the subject of much speculation. 
Methanogenic archaea occur in high numbers in 
approximately half of the population; some 
reports indicate that they are increased in obese 
subjects [ 40 ,  44 ] while others suggest the con-
trary [ 24 ]. It is possible that in the absence of 
methanogenesis more carbon would be diverted 
into SCFA and therefore to the host (Table  5.1 ); 
indeed this is one of the goals of attempting to 
inhibit methanogenesis in the rumen [ 45 ]. In the 
absence of inhibition, however, the equivalent 
amount of carbon may simply be released as CO 2  
when methanogen populations are low. Another 
important group of hydrogen utilisers are aceto-
gens, which have the ability to convert H 2  and 
CO 2  (or formate) to acetate. This introduces an 
additional non-dietary source of acetate carbon 
[ 46 ] but the contribution and degree of variability 
of this route for acetate synthesis in the human 
colon has not been fully established.
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   Another effect of hydrogen utilisation is to 
increase the growth effi ciency of hydrogen- 
producing, substrate-degrading species [ 47 ]. As 
this is predicted to occur with both methanogens 
and acetogens it would be assumed to apply to 
any ‘normal’ gut microbial community, although 
there is some intriguing evidence that cellulolytic 
ruminococci may be dependent on the presence 
of methanogens within the microbiota [ 48 ]. 
If degradation of some dietary carbohydrates was 
increased in the presence of methanogens, this 
might tend to increase ‘energy harvest’ (Table  5.1 ).  

    Does Microbiota Composition Affect 
the Uptake of SCFA by the Gut 
Epithelium? 

 As already noted, gut transit is thought to have an 
important infl uence of SCFA uptake. Conversely, 
SCFA are themselves known to affect gut motil-
ity and transit via interactions with receptors that 
infl uence gut hormones, although these effects 
may differ in different regions of the intestine. 
This creates complex feedback loops whereby 
microbiota composition may infl uence absorp-
tion of fermentation products by the host. There 
is also intriguing evidence that methane may 
slow gut transit [ 49 ]; methanogens appear to be 
associated with slow gut transit [ 50 ] but whether 
this is because of their slow growth rate or their 
impact on gut motility is not known.   

    Potential for Microbiota 
to Infl uence Energy Expenditure 
and Adiposity 

 The intestinal microbiota infl uences host physiol-
ogy beyond their direct actions in the gut 
(Fig.  5.2 ). Several possible routes of cross-talk 
exist between the microbes and host tissues, 
encompassing metabolic, immunological, endo-
crine and neural pathways [ 3 ,  51 ,  52 ], and the 
exact mechanisms of interaction are currently 
under extensive research. Another factor that has 
to be taken into consideration is the role host 
genetics play in determining the response to obe-
sogenic diets as well as the composition of the 
microbiota. High heritability of gene-by-diet 
interactions has recently been demonstrated in a 
genome-wide association study in different 
mouse strains on a high fat/high sugar diet [ 53 ]. 
A parallel investigation of the gut microbiota 
revealed signifi cant phylum-level shifts in 
response to diet across different genetic back-
grounds, however, effects of the genetic back-
ground on the composition and plasticity of the 
microbiota were also evident. Only one of the 
genetic loci found to be associated with body fat, 
which include three amylase genes, was found to 
be associated with signifi cant changes in micro-
biota composition, namely an enrichment of 
 Enterobacteriaceae  within the phylum 
Proteobacteria. In addition, three specifi c micro-
biota phylotypes showed a modest correlation 
with obesity traits. Intriguingly,  Akkermansia  
displayed a negative correlation with body fat 
percentage despite the fact that this genus showed 
the strongest overall enrichment on the high fat/
high sugar diet [ 53 ].

   Some studies have found that energy balance 
could be profoundly infl uenced in animal models 
by the introduction of a single bacterial species. 
Administration of a purifi ed probiotic strain of 
 Lactobacillus reuteri  led to the prevention of 
weight gain without signifi cantly affecting the 
existing microbiota or calorie consumption in 
mice on a Western diet. The underlying effect 
appeared to be a modulation of the immune sys-
tem towards a more anti-infl ammatory tone, and 

    Table 5.1    Possible impacts of methanogenic archaea 
and methanogenesis upon ‘energy harvest’ from the diet   

 Consequence of 
methanogenic activity 

 Consequence for energy 
harvest 

 1. Net loss of carbon 
as CH 4  

 Decreased? 
 [BUT without methanogenesis 
equivalent C may simply be 
lost as CO 2 ] 

 2. Increased effi ciency 
of energy metabolism 
by H 2 -producing 
bacteria 

 Increased? 
 [BUT same increase will 
apply to acetogenic 
bacteria + H 2  producers?] 

 3. Methanogenic 
activity correlates 
with slow gut transit 

 Increased? 
 Fibre degradation and SCFA 
absorption more effi cient at 
slower transit times? 
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the phenotype was transferable to naïve hosts via 
purifi ed CD4 +  T cells from animals consuming 
the probiotic [ 54 ]. 

 Separately, it has been reported that 
 Akkermansia muciniphila  (which comprises 
3–5 % of the colonic microbiota in healthy adults) 
abundance correlates inversely with body weight. 
This bacterium has a specialist role and derives 
its carbon and energy from the mucus layer lining 
the intestinal tract. In contrast to Parks et al. [ 53 ] 
who found an increase of Akkermansia on a high 
fat/high sugar diet (see above), Everard et al. [ 55 ] 
demonstrated that populations of this organism 
are diminished on high fat diets, which resulted 
in a reduction in the thickness of the mucus layer. 
Moreover, re-introduction of  A. muciniphila  by 
gavage to mice fed a high fat diet reduced body 
weight and improved body composition without 
changes in food intake. It also restored the mucus 
layer, decreased circulating lipopolysaccharide 
(LPS) levels and increased glucose tolerance 
compared to control animals gavaged with either 
PBS or killed cells [ 55 ]. Both studies found that 
the reduction in weight gain and body fat was 
achieved without a signifi cant reduction in food 
intake, indicating that energy balance regulation 
was infl uenced via other factors, such as locomo-
tor activity and heat production. 

 A direct link between obesity, glucose metab-
olism and low-grade infl ammation has previously 
been demonstrated by subcutaneous administra-
tion of LPS, which led to insulin resistance and 
fat mass development in mice [ 56 ]. An intact gut 
barrier function is crucial in preventing LPS from 
crossing from the gut into the systemic circula-
tion (increased plasma LPS levels have been 
termed metabolic endotoxemia), and the gut 
microbiota may infl uence gut permeability via 
actions on the mucus layer or regulatory effects 
on epithelial cells (e.g. tight junction protein 
expression) [ 57 ]. Bacterial signalling appears to 
involve the endocannabinoid system, endogenous 
bioactive lipids that regulate barrier function, as 
well as the enteroendocrine peptide glucagon- 
like peptide-2 [ 55 ]. 

 Infl ammation may be mediated by several 
bacterial products such as lipopeptides, LPS and 
fl agellins that act as ligands for toll-like receptors 
(TLRs) 2, 4 and 5, whilst other TLRs detect 
nucleic acid motifs. In most cell types detection 
of these bacterial ligands evokes a potent infl am-
matory response inducing myeloid- differentiation 
factor 88 (MyD88) and NF-kappa B which results 
in a broad array of pro-infl ammatory chemokines 
and cytokines. By contrast, recognition of these 
bacterial moieties by intestinal epithelial cells 

energy
excretion

Potential involvement of intestinal microbiota
Main body sites of action

energy 
expenditure

dietary 
intake

excess/
fat deposition

energy 
uptake

Satiety hormones, behaviour
Gut-brain axis

Thermogenesis, locomotion, behaviour
Brown adipose tissue, muscle, sympathetic nervous system

SCFA production, gut motility, transit
Gut, sympathetic nervous system

Insulin regulation, inflammatory response
White adipose tissue, liver, gut

Bile acid transformation, gut motility, transit
Gut, sympathetic nervous system

  Fig. 5.2    Potential infl uences of intestinal microbiota on energy balance in humans       
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has been reported to lead to enhancement of bar-
rier function, and epithelial repair rather than 
overt infl ammatory responses. 

 LPS is continuously released in the intestinal 
tract as a consequence of bacterial cell lysis and 
serum LPS was shown to be 76 % higher in type 
2 diabetics compared to the control cohort and 
consumption of a high fat meal resulted in a 50 % 
higher endotoxin level [ 58 ]. High fat diets can 
increase absorption of LPS present in the cell 
walls of Gram-negative bacteria either by incor-
poration into chylomicrons or by increasing 
intestinal permeability [ 56 ]. LPS is a potent 
infl ammatory mediator that signals in a TLR4- 
dependent manner and infusion of LPS can 
increase weight gain, adiposity, insulin resistance 
and liver triglycerides. Separately deletion of 
TLR5 in mice, which senses bacterial fl agellin, 
results in an alteration in the composition of the 
gut microbiota and also to features of metabolic 
syndrome including insulin resistance, increased 
adiposity and blood pressure and increased cho-
lesterol levels [ 59 ]. 

 An important role of infl ammation in the 
development of obesity is in line with the notion 
that germ-free animals are resistant to diet- 
induced obesity [ 60 ]. However, Fleissner et al. 
[ 61 ] demonstrated that this effect is dependent on 
the specifi c dietary ingredients of high fat diets 
and that germ-free mice are not generally pro-
tected against obesity by comparing different 
types of high-fat diet with equal macronutrient 
content. Furthermore, it has recently been shown 
that, in contrast to germ-free mice, germ-free rats 
did not exhibit decreased adiposity compared to 
their conventional counterparts, and alterations in 
host lipid metabolism differed between rats and 
mice [ 62 ]. Therefore, differences in host metabo-
lism as well as morphological and physiological 
alterations of germ-free animals compared to 
conventional animals require careful consider-
ation in the assessment of microbiota-mediated 
effects on adipogenesis. 

 Recently Upadhyay et al. [ 63 ] have linked 
effects of the microbiota in diet-induced obesity 
in mice to gut immunity by investigating mice 
defi cient in lymphotoxin, which is involved in 
normal mucosal defence against pathogens. 

Lymphotoxin-defi cient mice were resistant to 
diet-induced obesity and also showed changes in 
gut microbiota composition, particularly an 
increase in segmented fi lamentous bacteria. 
Germ-free animals receiving the microbiota from 
lymphotoxin-defi cient animals remained lean, 
whereas cohousing of animals with lymphotoxin 
negative and positive genetic background lead to 
weight gain in the negative background, indicat-
ing transferability of the host phenotype via the 
microbiota. The authors postulate that changes in 
gut mucosal host immunity in response to diet 
infl uence the microbiota, which in turn affects 
systemic host physiology. 

 Microbes may also signal to the host via short-
chain fatty acids, the major metabolic end prod-
ucts of fermentation by bacteria in the colon, via 
G-protein-coupled receptors GPR41 (or free fatty 
acid receptor (FFAR)3 and GPR43 (FFAR2). The 
dominant acids usually detected are acetate, pro-
pionate and butyrate, all of which activate FFAR2 
and 3 with different potency [ 64 ]. The receptors 
are expressed in various tissues, including the 
gut, a range of immune cells and adipose tissue, 
but their prime site of action remains under study 
and there is some confl icting evidence in the lit-
erature with regard to their function [ 64 ]. 
Nevertheless, FFAR3 has recently been linked to 
activation of sympathetic neurons via SCFA, 
whereas ketone bodies acted as antagonists [ 65 ]. 
Thus SCFA may infl uence energy expenditure by 
affecting heart rate and thermogenesis via this 
route. FFAR2 knockout mice, on the other hand, 
were shown to develop obesity on a normal diet, 
whereas overexpression of FFAR2 in adipose tis-
sue promoted a lean phenotype even on a high fat 
diet [ 66 ]. These effects were abolished when the 
animals were raised under germ-free conditions, 
indicating an involvement of the gut microbiota. 
On a molecular basis, the activation of FFAR2 
suppressed insulin signalling specifi cally in white 
adipose tissue, with a consequent inhibition of fat 
accumulation, while promoting energy expendi-
ture in other tissues [ 66 ]. 

 Other effects of SCFA, such as increased 
expression and production of hormones involved 
in appetite regulation (glucagon-like peptide-1 
(GLP-1) and peptide YY (PYY) in the gut; leptin 
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in adipose tissue) may also be mediated by FFAR2 
and 3. An involvement of FFAR2 in GLP-1 
release from colonic L cells has been demon-
strated in cell cultures as well as in vivo [ 67 ]. It 
remains to be established, however, how transfer-
rable results from animal models are to humans, 
as it has been shown that there are differences 
between hosts with regard to the potency and 
selectivity of different SCFA on the receptors, as 
well as the receptor interaction with downstream 
effectors [ 64 ]. Regardless of the underlying 
mechanisms of action, there is also evidence for 
an anti-obesogenic effect for both propionate and 
butyrate when given orally [ 68 ,  69 ], and modula-
tion of host energy balance through dietary stimu-
lation of microbial SCFA production is an 
attractive concept to help tackle obesity. Prebiotic 
supplementation has been shown to be effective 
in reducing infl ammation in animal models and 
increasing satiety in humans [ 7 ], but the complex-
ity of the microbiota as well as the multitude of 
possible molecular routes for interaction with the 
host require further investigation before specifi c 
members of the microbiota or certain microbiota 
profi les can unequivocally be assigned a role in 
preventing or promoting obesity.  

    Impact of Antibiotics 

 Antimicrobials potentially alter microbiota com-
position [ 70 ] and epidemiological studies in 
humans have shown that antibiotic treatment dur-
ing the fi rst 6 months of life [ 71 ] may have an 
effect as this is a time when the host adipocytes 
are developing [ 72 ]. In young mice sub- 
therapeutic levels of antibiotics were recently 
found to change gut microbiota composition and 
increase fat mass [ 73 ]. Additionally this study 
identifi ed an increase in SCFA in the large intes-
tine, suggested to refl ect increased fermentation. 
On the other hand, Cani et al. [ 74 ] reported that 
treatment of obese and diabetic mice with antibi-
otics (ampicillin and neomycin) for a period of 4 
weeks led to a reduction of metabolic endotox-
emia, body weight and body fat. The impact of 
antibiotics is likely to depend critically on dos-
age, on the particular antibiotic/s used, and on 

events both in the small and large intestine [ 75 ] 
making generic interpretations diffi cult and prob-
ably unwise.  

    Conclusions 

 There is increasing evidence from studies with 
small animal models that the microbiota of the 
gut can infl uence adiposity and weight gain. 
Explanations for these effects appear to lie with 
the impact of microbial activities and metabolic 
output upon host physiology. Although the 
microbial fermentation of non-digestible dietary 
residue contributes energy to the host, the hypoth-
esis that the gut microbiota of obese and lean 
individuals differ in the effi ciency with which 
they retrieve energy from dietary residue (‘energy 
harvest’) remains unproven. On the other hand, 
small animal experiments indicate that adiposity 
and weight gain can be promoted by the transfer 
of ‘obesogenic’ microbiota into germ-free ani-
mals, with some evidence that individual species 
can play a role. Potential mechanisms include 
infl uences on food intake and satiety, energy 
expenditure and the control of pathways that 
infl uence infl ammation pathways, glucose 
homeostasis and adipogenesis. It appears that 
these microbial factors can have an infl uence on 
human obesity, but their exact contribution has 
still to be fully assessed.     
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