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Abstract

Purpose of Review The goal of the present review is to explore the relationship between dietary changes and alterations in gut
microbiota that contribute to disorders of gut motility and obesity.

Recent Findings We review the microbiota changes that are seen in obesity, diarrhea, and constipation and look at potential
mechanisms of how dysbiosis can predispose to these. We find that microbial metabolites, particularly short chain fatty acids, can
lead to signaling changes in the host enterocytes. Microbial alteration leading to both motility disorders and obesity may be
mediated by the release of hormones including glucagon-like peptides 1 and 2 (GLP-1, GLP-2) and polypeptide YY (PYY).
These pathways provide avenues for microbiota-targeted interventions that can treat both disorders of motility and obesity.
Summary In summary, multiple mechanisms contribute to the interplay between the microbial dysbiosis, obesity, and

dysmotility.
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Abbreviations

SCFAs Short chain fatty acids

TLR Toll-like receptor

FODMAP Fermentable oligosaccharides, monosaccha-
rides, disaccharides, and polyols

GLP Glucagon-like peptide

GIP Glucose-dependent insulinotropic polypeptide

Introduction

The human body is comprised of trillions of microorganisms
that reside in the respiratory tract, gut, skin, and urogenital
tracts and is collectively termed the human microbiome.
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New high throughput technologies make it possible to look
at the ecosystem of microorganisms in our body as a whole.
This has led to exponential growth in the field linking alter-
ations in the microbiome to various disease states including
obesity, and disorders of gut motility [1-4].

The Interplay Between Diet and the Microbiome

In the intestine, the microbiome has numerous important func-
tions including maintaining the integrity of the gut wall,
preventing overgrowth of harmful organisms, and breaking
down and absorption of certain nutrients. Animal studies have
demonstrated that alterations in the microbiome may lead to
phenotypic changes in the host such as weight gain or loss. In
a seminal study, Backhed et al. showed that transplantation of
stool from conventionally raised mice to germ-free rodents
(absent of microbiota) led to 60% increase in body fat and
increased insulin resistance and that these changes were inde-
pendent of food intake [5]. This provided early evidence that
the microbiome may play an important independent role in
energy harvesting and storage. The intestinal tract is largely
comprised of the dominant phyla Bacteroides and Firmicutes,
accounting for about 75% of the total population [6].
Turnbaugh et al. demonstrated mice with a mutation in the
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leptin gene leading to morbid obesity (0b/0b) had higher rel-
ative abundance of Firmicutes and proportional reduction in
Bacteroides. Furthermore, stool transplants of these genetically
obese mice to their lean littermates resulted in weight gain in the
latter with microbiome distribution resembling that of the obese
mice [7]. Several other studies in animal models and humans
support a similar pattern of increased ratio of Firmicutes/
Bacteroides associated with obesity and the reverse seen with
weight loss [3, 8—10]. Other studies, however, have shown
either the opposite or no relationship [11-13], suggesting that
the microbial changes related to obesity are likely more com-
plex, possibly with greater impact at lower phylogenetic levels
and functional characteristics of the microbiome as a whole.

Dietary changes can lead to rapid changes in the gut mi-
crobial environment at the genera and species levels. Wu et al.
assessed the relationship between nutrient content and micro-
bial patterns and identified that diets high in animal protein
and saturated fat had increased abundance of the Bacteroides
genera whereas those high in fiber had relatively higher abun-
dance in Prevotella [14]. A separate study looked at differ-
ences in gut microbiota among individuals placed on a
Mediterranean diet (relatively high fat diet with large propor-
tion of monounsaturated fat) compared to those on a low-fat,
high complex carbohydrate diet [15]. After 1 year of follow-
up, those on the low-fat, high complex carbohydrate diets had
higher levels of Prevotella and reduced Roseburia whereas
those on the Mediterranean diet had increased abundance of
Roseburia and Oscillospira [15]. In agreement with these
findings, increase in Prevotella has been seen with higher
intake of plant-based fibers [16] likely reflecting increased
ability of the microbe to extract calories from these resistant
starches [17]. These findings provide support that changes in
macronutrient content can directly impact microbiota at these
lower phylogenetic levels.

The Role of Microbiota in Metabolism
and Obesity

Obesity is a chronic condition that affects 35% of the US
population [18] and is growing in prevalence both in the
USA and globally [19]. Even with aggressive lifestyle inter-
ventions with diet and exercise, many individuals still struggle
with losing 3—5% of their body weight [20, 21]. A study by
Pedrogo and colleagues suggested that certain gut microbes
may help predict likelihood of successful weight loss with
lifestyle interventions. In comparing individuals who were
and were not able to achieve 5% weight loss, they found that
increased abundance of Phascolarctobacterium was associat-
ed with greater likelihood of achieving weight loss while
Dialister was associated with failure [22]. Furthermore, func-
tional analysis of the microbial genes also showed that those
who did not achieve 5% weight loss had higher abundance of
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enzymes involved in carbohydrate metabolism [22]. This sug-
gests that there may be a direct relationship between host and
microbial metabolism. In another study in which overweight
and obese adults were treated with 6 weeks of calorie restrict-
ed diet, increased abundance of a mucin-degrading bacterium,
Akkermansia muciniphila, at baseline was associated with
greater improvement in markers of glucose metabolism and
adiposity [23].

Several studies have shown that individual organisms and
groups of related organisms or phylotypes with specific met-
abolic functions play an important role in the development of
obesity. In a study of lean and obese young Chinese individ-
uals, Liu et al. found that people who were obese had reduced
abundance of certain Bacteroides species, including
B. thetaiotaomicron, B. intestinalis, and B. ovatus as com-
pared to matched controls [24]. Furthermore, using mouse
models, they found that gavage with B. thetaiotaomicron al-
leviated diet-induced obesity from high fat diets. This effect
may be driven by increased metabolism of glutamate, leading
to lower serum glutamate levels in B. thetaiotaomicron-sup-
plemented animals [24]. These studies not only show that that
the microbiota may be predictive of likelihood for weight loss
but that introduction of certain organisms can improve the
metabolism resulting in weight loss (Fig. 1).

Microbiome and Disorders of Gut Motility

Recent studies have examined the connections between the
gut microbiota and disorders of gastrointestinal motility, spe-
cifically constipation and diarrhea.

Constipation

Gut dysbiosis and dysmotility and constipation have been
associated with high fat diets [25¢, 26]. Short chain fatty acids
(SCFAs) including butyrate, propionate, and acetate are the
end products of dietary fiber fermentation and may affect var-
ious metabolic pathways [7]. After being broken down from
otherwise indigestible polysaccharides, they are absorbed by
host cells and utilized as a direct energy source and in cell
signaling pathways [27, 28]. Studies of mouse models of con-
stipation have demonstrated that production of the SCFA, bu-
tyrate, is decreased in the setting of gut dysbiosis and suggest
that repletion of butyrate may decrease symptoms of
dysmotility [29, 30]. Hwang et al. investigated the changes
in microbial composition triggered by different diets and the
consequent changes in butyrate levels. They identified that
different diets cause a reduction in butyrate production
through separate metabolic pathways. For example, high fat
diets decrease butyrate levels through reductions in
Lactobacillus, whereas low-fat diets and loperamide decrease
butyrate levels due to reductions in Roseburia and
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Fig. 1 Role of the microbiome in
the pathogenesis in obesity and
motility disorders. Legend: This
figure demonstrates shared and
distinct pathways involving
microbial effects on the
pathogenesis of obesity and
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Oscillibacter [29]. Lower levels of bile acids also cause symp-
toms of constipation, longer transit time, and decreased colon-
ic muscle contraction [30]. Furthermore, when butyrate and
bile acids are supplemented, many of the constipation symp-
toms reverse [30]. Studies suggest the effect of metabolites of
gut microbiota on dysmotility may be mediated by changing
serotonin levels [31-33].

Diarrhea

Just as the microbiota can affect stool transit time, the transit
time can also affect the composition of the microbiota. In vitro
models of the colon have demonstrated that as transit time
increases, there is a decrease in biomass and species diversity
[34]. There is also an increase in SCFAs that corresponds to
increased carbohydrate fermentation. The increase of SCFAs
reflects the increased growth of microbiota that produce them,
such as Firmicutes, Bacteroidetes, and Actinobacteria
[34-36]. In studies of adults with motility disorders,
Vandeputte and colleagues demonstrated similar findings.
They found that increased stool consistency (looser stool with
high transit time) is inversely related to microbiota diversity
and positively associated with the Bacteroidetes/Firmicutes
ratio [37]. They hypothesized that transit time may determine
which microbiota proliferate by changing the amount and du-
ration of nutrients the microbiota are exposed to [37].

Most of the evidence examining the link between gut mi-
crobiota and diarrhea comes from studies of post-infectious
diarrhea. Studies have demonstrated that diarrhea-causing
pathogens decrease the diversity of the gut microbiota, al-
though the pathogen-specific changes are not consistent
across studies [38—40]. After an infection resolves, the

diversity of the microbiota recovers and diarrheal symptoms
improve. Fecal microbiota transplants may speed the process
of relieving diarrheal symptoms in patients with dysbiosis and
diarrhea [41, 42], and have been found to restore microbiotal
diversity some of the time [41].

Pathogenesis: Common Pathways of Obesity
and Dysmotility

There are multiple theories as to how the gut microbiota is
associated with obesity and gut dysmotility. Each of the theo-
ries considers different facets of metabolism and dysmotility
from neuromuscular dysfunction and alterations to the gut
wall, to microbial metabolites to common hormonal triggers
of motility and metabolic functions.

Several mechanisms contribute to the effect of the
microbiome on metabolism and obesity. The microbiota are
involved in breakdown of otherwise non-digestible com-
pounds thus affecting energy harvesting capacity and leading
to weight gain depending on the microbial milieu [5, 7, 43].
Dietary fibers play an important role in shaping the microbiota
and can protect against deleterious changes induced by high
fat diets [44]. Dietary supplementation with fibers that in-
crease levels of SCFAs as well as direct consumption of
SCFAs has been shown to have beneficial effects on lipid
and glucose metabolism as well as weight reduction in ani-
mals and humans [44-47]. Increasing evidence suggests that
the mechanism of how SCFAs alter metabolism and obesity
may be related to cell signaling pathways leading to release of
incretin and other gut hormones.

Incretin and other gut hormones are released by the entero-
endocrine cells of the gut and include glucose-dependent
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insulinotropic polypeptide (GIP), peptide YY (PYY), and
glucagon-like peptide-1 and 2 (GLP-1 and GLP-2). They are
involved in regulating gut motility, satiety, and glucose me-
tabolism [48]. In mouse models, administration of SCFAs,
butyrate, and propionate were found to protect against diet-
induced obesity and reduce food intake, and these effects
were, in part, mediated by increased secretion of incretin hor-
mones [49]. Sodium butyrate administration lead to increased
plasma levels of GLP-1, GIP, and PYY while sodium propio-
nate lead to increased GIP only [49]. In another study in
humans, oral administration of the fiber, inulin combined with
propionate acutely stimulated secretion of PYY and GLP-1
and was associated with reduced energy intake [S0]. Despite
the stimulating effects of SCFAs supplementation on incretin
hormones, they were not shown to directly influence gastric
emptying [50]. Using mouse models of type 2 diabetes, Grasset
et al. found evidence of GLP-1 resistance in mice fed high fat
diet and that these changes correlated with microbial dysbiosis
[51]. Furthermore, GLP-1-mediated insulin secretion was ab-
sent in germ-free mice, suggesting that microbiota are needed
for the action of GLP-1 [51]. In another study of humans with
type 2 diabetes, increased dietary fiber promoted SCFA-
producing bacteria, which lead to increased production of
GLP-1 contributing to improved glycemic control [52¢].

In addition to the effects of microbial metabolites on
incretin hormone secretion and action, gut microbiota may
affect metabolism by directly altering the integrity of the gut
wall. Using human colonic tissue, Chassaing et al. found that
microbiota encroach within the gut wall and the degree of
encroachment directly correlated with dysglycemia in adults
[53]. Finally, endotoxemia with the microbial product, lipo-
polysaccharide (LPS), may lead to inflammatory changes that
increase the risk of obesity. In a recent study by Fabbiano
et al., the authors found that the microbiota of calorically
restricting mice have increased abundance in the families
Lactobacillaceae, Evysipelotrichaceae, and
Verrucomicrobiaeceae, the latter largely represented by
A. muciniphila [54]. Metabolic improvements were associated
with lower levels of LPS and may be mediated by suppression
of LPS-TLR4 signaling [54]. Reintroduction of LPS
prevented the metabolic improvements seen with caloric re-
striction [54].

Studies conducted in mice and rats have identified an as-
sociation between dysmotility and changes to the enteric ner-
vous system mediated by the gut microbiota. Mice fed high fat
diets have increased amounts of Bacteroidetes, Firmicutes,
Escherichia coli, and Bifidobacteria [25¢], as well as damage
to and loss of enteric neurons [25¢, 26, 55]. The mechanism
linking gut dysbiosis to neuronal injury is still unclear but
several hypotheses have been proposed. Toll-like receptors
(TLRs) are an important part of the innate immune system,
acting as a first line of defense in recognizing microbial mol-
ecules and triggering an inflammatory response [56]. They are
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present throughout the intestine and are often the first interac-
tion between gut microbiota and the host immune system [56].
In in vitro studies, Anitha et al. demonstrated that LPS com-
bined with palmitate from the high fat diet activated TLR4 to
cause neuronal apoptosis [25¢]. Additionally, they found that
administering an oligofructose prebiotic to mice fed high fat
diets caused levels of LPS to decrease and prevented neuronal
damage [25¢]. In other mouse studies, Reichardt et al. corrob-
orated the findings that gut dysbiosis, free fatty acids, and
TLR4 activation are associated with enteric neuronal death
and delayed transit time [26]. Other research groups have
identified a correlation between changes in TLR2 signaling,
gut dysbiosis, and damage to both the structure and function
of the enteric nervous system [55, 57]. Gut dysbiosis has been
linked not only to neuronal loss but also to decreased neuro-
muscular contractility and impaired neurotransmission [55,
58]. Neuronal loss, slowed signal transmissions, and de-
creased contractility can all lead to slower gastrointestinal
transit. Although studies suggest that gut microbiota have a
role in this, that role still needs further clarification.

Other studies have investigated the role of microbial me-
tabolites, including SCFAs and secondary bile acids in
dysmotility. Both SCFAs and secondary bile acids can in-
crease levels of serotonin, a hormone that regulates intestinal
motility [32, 59]. Serotonin has been shown to upregulate
receptors for hormones that cause neuromuscular excitation
and trigger contraction of the smooth muscle in the gastroin-
testinal tract [60]. Serotonin secretion can be affected by the
gut microbiome [33]. In rat studies using a probiotic mixture
to alter the makeup of the gut microbiota, Deng and colleagues
found that microbiota that produce SCFAs also stimulate se-
rotonin synthesis to increase intestinal motility [31].

These studies identify common mechanisms driving enter-
ic nervous system injury and obesity. In summary, we identify
common inflammatory pathways involving TLRs and LPS as
well as changes in microbial metabolites that may drive both
disease processes.

Interventions in Disorders of Obesity and Dysmotility

Microbiota contribute to motility disorders through a variety
of mechanisms, but most of them share a common starting
point in gut dysbiosis. Consequently, prior interventions have
looked at methods to restore the gut microbiome or prevent
dysbiosis from occurring.

Dietary Interventions in Obesity

The impact of different types of diets and dietary supplements
on the microbiome and their effect on obesity and metabolism
have been studied at length. Animal studies have looked at the
impact of dietary supplements and foods on the microbiota.
Foods and supplements including antioxidants, camu camu
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extract (Brazilian fruit with rich phytochemical properties),
and fungus, Hirsutella sinensis, have all been shown to blunt
weight gain and inflammatory changes associated with high
fat diets as well as to promote growth of certain gut microor-
ganisms [61-63]. Supplementation of camu camu in mice fed
high fat diets altered the microbiota while blunting fat gain,
metabolic inflammation, and endotoxemia [61-63]. In another
animal study using pigs, addition of alfalfa to the diet led to
increased production of butyrate along with PY'Y and precur-
sors of GLP-1 and GLP-2 [64]. The effect of direct supple-
mentation of an inulin-propionate ester was studied in a ran-
domized, double-blind, placebo-controlled study of 50
healthy volunteers and provides insight into the potential
mechanism by which the microbiota may affect obesity and
metabolism [50]. During a 24-week study period, subjects
experienced reduction in weight and intra-abdominal adipos-
ity, had improved lipid profiles, and had protection against
deteriorating insulin resistance seen in the control group.
Subjects receiving proprionate had increased postprandial
PYY and GLP-1 levels and reduced overall energy intake
[50]. In another study, Karl et al. compared the effects of
whole versus refined grains on metabolism among healthy
adults [65]. They found that diets rich in whole grains lead
to overall favorable energetics with net daily energy loss as
compared to refined grains [65]. These changes were also
accompanied by trends towards reduction in pro-
inflammatory taxa Enterobacteriaceae and increased
butyrate-producing Roseburia and Lachnospira associated
with the whole grain diet [65].

Numerous foods and supplements have been shown to alter
the microbiome in a manner that favors increased energy ex-
penditure and provide promising avenues for future obesity
research. More mechanistic studies are needed to determine
whether the microbiota changes actually lead to metabolic
improvements.

Dietary Interventions in Dysmotility

The foods that people eat affect the composition of their mi-
crobiota, which can in turn impact motility [35, 66]. Thus,
studies have been conducted looking at how alterations in diet
reverse symptoms of dysmotility. In patients with diarrhea
secondary to irritable bowel syndrome (IBS), studies have
examined the efficacy of limiting the amount of fermentable
carbohydrates consumed to decrease diarrheal symptoms in a
diet termed “low FODMAP (fermentable oligosaccharides,
monosaccharides, disaccharides, and polyols) diet.”
Fermentable carbohydrates increase the amount of water and
gas in the intestines, which leads to softer, more frequent
stools [67¢, 68]. A 2016 meta-analysis of IBS studies found
that symptom severity scores improve in patients consuming a
FODMAP diet [69]. In a placebo-controlled trial of adults
with dysmotility, Staudacher et al. demonstrated that patients

who receive low FODMAP dietary advice experience fewer
symptoms of IBS compared to those who receive placebo
dietary advice. They also found that low FODMAP dietary
advice is correlated with decreases in the population of
Bifidobacteria, a genus of microbiota that is inversely related
to symptoms [67¢]. Importantly, Staudacher’s group found
that the Bifidobacteria could be restored with consumption
of a multi-strain probiotic in addition to the low FODMAP
diet [67¢]. Although dietary interventions are promising op-
tions for treatment of dysmotility, restricting foods linked to
symptoms can also have undesired effects on the microbiota
composition with other deleterious health outcomes. More
research is needed to identify which aspects of diet would
have the most targeted effects on dysmotility.

Medications

GLP-1 receptor agonists (GLP-1RA) used in the treatment of
type 2 diabetes are medications that mimic the function of
native GLP-1 and are of particular interest due to their addi-
tional effect on weight by increasing satiety and slowing gas-
tric emptying [70]. Studies looking at the effect of GLP-1 RAs
on the microbiome have shown that these medications may act
in part by altering the microbiota to favor weight reduction
[71, 72]. Treatment with GLP-1RA, liraglutide, was associat-
ed with enrichment of A. muciniphila which has previously
been associated with weight loss and improved metabolism
following weight loss interventions [23, 71]. Thus, the mech-
anism of GLP-1 action in weight loss and metabolism may be
in part mediated by microbiota changes.

Several medications have been shown to improve symp-
toms of dysmotility, but newer studies have examined the
effects of those medications on the gut microbiota. In a study
of rats with colitis, Zheng and colleagues demonstrated that
sulfasalazine reverses gut dysbiosis in part through increasing
populations of bacteria that produce short chain fatty acids or
lactic acid [73]. However, not all medications that relieve
symptoms change the microbiome. In a study of humans with
constipation, Kang and colleagues demonstrated that admin-
istering lubiprostone does not alter the makeup of the gut
microbiome but still increases butyrate production [74].

Rifaximin has been studied in the improvement of diarrheal
symptoms. In a randomized, double-blinded, human study of
patients with diarrhea, Fodor and colleagues demonstrated
that treatment with rifaximin transiently decreases gut bacteria
associated with poor health, such as Peptostreptococcaceae
and Enterobacteriaceae, but the study did not investigate the
relationship between the microbes and symptomatology [75].
Thus, although some of the medications that improve symp-
toms of dysmotility also change the makeup of the gut
microbiome, the pathway connecting symptoms and the gut
microbiome is still unclear.
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Pre- and Probiotics

Prebiotics are non-living non-digestible materials that can al-
ter the microbiota when consumed, and they have been stud-
ied both in obesity and dysmotility. They can be fermented by
bacteria into metabolites that play an important role in meta-
bolic pathways of both of the bacteria and host organism. In a
recently published study by Zou et al., dietary supplementa-
tion with prebiotic, inulin, was shown to protect mice from
microbiota and inflammatory changes associated with high fat
diets [44]. Both animal and human studies have shown that
supplementation with inulin may lead to alterations in the
microbiota and microbial metabolites as well as improved
glucose metabolism and reduced adiposity [76-81]. Intake
of soluble fibers may lead to changes in the microbiota that
directly alter energy expenditure. Wang et al. demonstrated
that mice fed soluble fibers have increased oxygen consump-
tion and energy expenditure, and reduced white fat mass and
overall weight that is independent of caloric intake [10]. Mice
with diet-induced obesity who were supplemented with solu-
ble fiber had shifts in their microbiota with lower Firmicutes/
Bacteroides ratio and increased microbial diversity [10]. In a
study by Miyamoto et al., supplementation of soluble fiber,
barley 3-glucan, to mice fed high fat diets led to less weight
gain than conventionally raised mice. These changes were
associated with increased levels of SCFAs, particularly buty-
rate, and higher levels of PY'Y and GLP-1 [82]. These changes
were not seen in germ-free mice given the same {3-glucan
supplement, suggesting a critical role of the microbiota in
the metabolic effects of soluble fibers [82]. In humans, addi-
tion of dietary fibers such as inulin has been shown to increase
levels of SCFAs leading to increased levels of hormones im-
portant in glucose metabolism and hunger such as ghrelin [80]
and adiponectin [83]. In a study of obese women, administra-
tion of inulin-type fructans led to increases in Bifidobacterium
with reduction in LPS and endotoxin as well as slight reduc-
tion in fat mass [77]. In another study of patients with type 2
diabetes, treatment with inulin alone or in combination with
butyrate during a 45-day study period leads to reductions in
waist circumference with a trend towards increased GLP-1
concentration [79]. In contrast, other studies in humans have
failed to show effect of inulin on satiety and incretin hor-
mones, GLP-1 or PYY [84, 85]. Taken together, the findings
of these animal and human studies provide evidence that in-
creased dietary fibers may lead to alterations in the gut micro-
biota favoring improved metabolic profile potentially leading
to weight loss.

Probiotics are living microorganisms that are ingested oral-
ly in order to directly alter the microbiota. Use of probiotics
has been studied in treatment of obesity-related disorders. In a
double-blind randomized trial, Simon et al. studied the effect
of supplementation of Lactobacillus reuteri over 3 weeks on
glucose-tolerant lean and obese individuals [86]. They found
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that intake of the probiotic leads to increase in glucose-
stimulated GLP-1 and GLP-2 release along with increased
insulin secretion but with no change body mass seen during
the study period. Another probiotic, Bifidobacterium
animalis, combined with fiber was administered to healthy
adults over a 6-month period and lead to 4.5% or 1.4 kg
weight loss, with pronounced reduction in central adiposity
and waist circumference [87].

Pre- and probiotics have also been studied in treatment of
motility disorders. In a study in adults with constipation,
Blatchford and colleagues demonstrated that kiwifruit admin-
istration leads to an increase in Faecalibacterium prausnitzii,
a butyrate-producing microorganism that produces with anti-
inflammatory properties [88]. Studies in rats with diarrheal
symptoms have examined the effects of the Chinese prebiotic,
Wuji Wan, and demonstrated that its relief of diarrheal symp-
toms is mediated by an increase in gut microbiota diversity.
Administration of Wuji Wan increased Akkermansia,
Bacteroides, and Parasutterella, and decreases Lactobacillus
and Prevotella. Wuji Wan also increased the amount of mucin
and goblet cells, stabilizing the gut mucosa to block bacterial
translocation [89]. This suggests that changing the microbiotal
makeup can relieve symptoms of dysmotility. In a mouse
study, Jeong and colleagues demonstrated that administration
of Lactobacillus kefiranofaciens, a microorganism in a probi-
otic used to relieve constipation also known as kefir, increases
Firmicutes, Bacteroidetes, Lactobacillus, and Prevotella, and
decreases Proteobacteria, Enterobacteriaceae, and
Clostridium [90]. In a study of constipated adults, Kim and
colleagues demonstrated that a mix of probiotics reduces
symptoms of constipation and alters the makeup of the gut
microbiome [91]. Patients who received the probiotic had
similar increases in Lactobacillus, Bifidobacterium, and
Bacteroides species. Hatanaka and colleagues found similar
improvement of diarrheal symptoms and microbiotal changes
with administration of Bacillus subtilis spores [92]. Although
multiple studies have shown probiotics relieve symptoms of
dysmotility [93], the mechanisms involved need to be further
examined.

Gastric Bypass Surgery Bariatric bypass surgery has been used
for the management of obesity and comorbid conditions, pri-
marily diabetes, and has been shown to have dramatic results
both in reduction of obesity and obesity-related complications.
Not surprisingly, bypass surgery also results in dramatic
changes in gut microbiota. There is significant interest in the
potential role of gut microbiota changes in the dramatic effect
of bariatric surgery on obesity and metabolism. Bariatric sur-
gery leads to long-term alterations in the gut microbiota com-
position and increased abundance of microorganisms associ-
ated with improved insulin resistance and weight loss, such as
A. muciniphila and Bacteroides thetaiotaomicron [24, 94-97].
These organisms are also important in maintenance of gut wall
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integrity. Some patients undergoing bariatric surgery may
have remission of diabetes. Murphy et al. demonstrated that
elevations in Roseburia species correlated with likelihood of
diabetes remission [98]. Furthermore, transplantation of gut
microbiota from individuals who underwent bariatric surgery
to germ-free mice lead to reductions in body fat and increased
lean mass in those animals as compared to mice receiving
stool transplant from obese subjects who did not have surgery
[94]. This study supports a direct role of microbiota shifts
contributing to the weight loss effects of bypass surgery. In
addition to the effects bypass on the microbiota, pre-treatment
with microbiota-altering agents may affect degree of weight
loss following surgery. In a small study of subjects undergoing
Roux-en-Y gastric bypass, supplementation with the prebiot-
ic, fructo-oligosaccharide, was associated with greater weight
loss following surgery [99].

Fecal Microbiota Transplantation Fecal microbiota transplants
are currently only FDA approved for treatment of Clostridium
difficile infection. However, numerous mouse studies and one
human study have demonstrated that directly altering the
microbiome can affect host metabolism. In humans, transplan-
tation of stool from lean to obese individuals leads to im-
proved insulin sensitivity in the latter along with increased
levels of butyrate-producing bacteria, Roseburia intestinalis
[100]. Several trials looking at fecal transplantation for morbid
obesity are ongoing (NCT03391817; NCT02530385). The
findings of these trials may show whether directly changing
the microbiota can provide a new avenue for management of
obesity.

Summary

Evidence is mounting on the critical role that the microbiome
plays in obesity and dysmotility. However, some conflicting
findings in the effects of certain microbes and their metabo-
lites reveal the importance of identifying pathogenic mecha-
nisms rather than correlations between microbiota and dis-
ease. Here we discussed the recent literature on the relation-
ship between diet, microbiome, obesity, and motility. Multiple
mechanisms contribute to the pathogenesis of microbiota in
these disease states and provide avenues for future
interventions.
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