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Dietary interventions, intestinal microenvironment, and

obesity: a systematic review

Johnny G. Santos, Bruna C. Alves, Thais O. Hammes, and Valesca Dall’Alba

Context: Obesity has been linked to the intestinal microenvironment. Diet plays an
important role in obesity and has been associated with microbiota. Objective: This
systematic review sought to evaluate the scientific evidence on the effect of dietary
modification, including supplementation with prebiotics and probiotics, on micro-
biota diversity in obesity. Data sources: A systematic search was performed in the
MEDLINE and EMBASE databases. Studies were considered eligible if they were clini-
cal trials evaluating dietary intervention and microbiota, body weight, or clinical
parameters in obesity. Data extraction: Data were extracted by 2 independent
reviewers. Results: From 168 articles identified, 20 were included (n = 931 partici-
pants). Increased phyla abundance after food interventions was the main finding
in relation to microbiota. Regarding the impact of interventions, increased insulin
sensitivity, reduced levels of inflammatory markers, and reduced body mass index
were shown in several studies. Conclusions: Interventions that modulate micro-
biota, especially prebiotics, show encouraging results in treating obesity, improving
insulin levels, inflammatory markers, and body mass index. Because the studies in-
cluded in this review were heterogeneous, it is difficult to achieve conclusive and

definitive results.

INTRODUCTION

According to the World Health Organization, obesity is
a serious health problem affecting individuals of all
ages. The prevalence of obesity is already >600 million
people worldwide, and it has increased substantially.'
The development of obesity is a complex process that
includes imbalances in body regulation of energy in-
take, expenditure, and storage.

The gut microbiota, the immense amount of
microorganisms in the human bowel, has been
studied for its role in the pathogenesis of obesity.”
Investigations in animal models suggest that the gut

microbiota affects nutrient acquisition and energy
regulation.’

Most microorganisms in the gut are bacteria, and a
minority are fungi, protozoa, and viruses. Combined
with their genetic material, these microbes comprise the
gut microbiome.*” It is known that the composition of
gut bacteria differs among people, and dietary intake is
described as being one of the determining factors.’

Studies about the microbiota have found that many
parameters may serve as a useful indicator or biomarker
of a healthy microbiome, such as abundance, richness,
and diversity. Abundance, or related abundance, refers
to the quantity of specific bacterial species found in the
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gut microbiota of an individual or a group of individu-
als, whereas richness indicates the quantity of different
species of bacteria. Diversity, on the other hand, can be
defined as the number and the abundance distribution
of distinct types of microorganisms within a habitat,
and it is useful to describe the complexity of the micro-
bial ecosystem.”®

A highly diverse microbiome seems to promote
healthy competition among microbial species, maintain-
ing stability of the gut community.” For this reason, diver-
sity seems to be a better parameter to assess the stability
of microbiota and the ability to resist perturbation.””

Study of the relationship between microbiota and
obesity has intensified, and the intestinal microenviron-
ment can be considered an ecological factor that modu-
lates the development of obesity. The intestinal
microbiota is related to metabolic functions, such as
regulation of appetite, inflammation, and glucose ho-
meostasis, as well as adipose tissue functions.'® It is sug-
gested that lipopolysaccharide (LPS) can be used as a
factor in the control of adipogenesis and the endocan-
nabinoid system (eCB), confirming a regulatory con-
nection of the colon microbiota and adipose tissue.'"'?

Nutritional interventions to modulate the micro-
biota have been proposed as a therapeutic measure for
the control of body weight. Studies have shown that
prebiotic intake reduces body weight, body fat percent-
age, abdominal fat, and serum levels of interleukin 6;
positive changes in intestinal microbiota diversity have
also been observed.'>'* Studies with probiotic interven-
tions demonstrate beneficial potential in weight loss,
abdominal fat reduction, and reductions in levels of
plasma triglycerides and LDL  cholesterol.””"”
Probiotics also seem to improve the intestinal barrier
function, which maintains immune tolerance and
reduces bacterial translocation.'"® On the other hand,
unhealthy diets may be associated with an increase in
plasma proinflammatory cytokines, which can change
gene expression, inducing the pathogenic state and con-
tributing to the development of obesity."

The microbiota confers effects on both sides of the
energy balance, influencing the energy acquisition of
diet components and modifying some host genes that
regulate energy consumption and storage.20 Therefore,
systematic review was performed to evaluate the effect
of dietary modification, including supplementation
with prebiotics and probiotics, on gut microbiota diver-
sity and body weight and metabolic changes.

METHODS
To evaluate the influence of dietary modification on gut

microbiota and obesity, a systematic review of clinical
trials was performed in accordance with the PRISMA
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Table 1 PICOS criteria for inclusion of studies

Parameter Criteria
Population Obesity

Intervention Dietary intake
Comparison -

Outcome Microbiota

Study design Randomized clinical trial

(Preferred Reporting Items for Systematic reviews and
Meta-Analyses) statement.*’

MEDLINE and EMBASE databases were searched
for relevant publications in the peer-reviewed literature.
PICOS (Population, Intervention, Comparison,
Outcomes, and Study design) criteria were used to de-
fine the research question (Table 1). The Comparison
and the Outcomes were deliberately not stipulated so as
to avoid restricting the search. A search strategy using
Mesh Terms (MEDLINE) was conducted as follows:
((((“microbiota”[MeSH Terms] OR “microbiotas” OR
“microbiome” OR “microbiomes” OR “human micro-
biome” OR “human microbiomes” OR “microbiomes,
human” OR  “microbiome, human”)) AND
(“Obesity”[Mesh Terms] OR “Obesity, Abdominal”))
AND (“diet’[MeSH Terms] OR “diets”)) AND ((ran-
domized controlled trial[pt] OR controlled clinical tri-
al[pt] OR randomized controlled trialsimh] OR
random allocation[mh] OR double-blind method[mh]
OR single-blind method[mh] OR clinical trial[pt] OR
clinical trialsfmh] OR (“clinical trial’[tw]) OR
((singl*[tw] OR doubl*[tw] OR trebl*[tw] OR
tripl*[tw]) AND (mask*[tw] OR blind*[tw])) OR (“latin
square”[tw]) OR placebos[mh] OR placebo*[tw] OR
random*[tw] OR research design[mh: noexp] OR
follow-up studies[mh] OR prospective studies[mh] OR
cross-over studies[mh] OR control*[tw] OR prospec-
tiv¥[tw] OR volunteer*[tw]) NOT (animal[mh] NOT
human[mh])). Databases were last searched in
September 2017. The search was limited to studies pub-
lished as full texts in English, Portuguese, or Spanish.
There was no limitation regarding date of publication.

Studies were evaluated on the basis of their titles and
abstracts, and those eligible for the systematic review
were analyzed on the basis of the full text. Original stud-
ies that presented dietary interventions in obese individ-
uals were included whenever there was an evaluation of
intestinal microbiota, body weight, and clinical parame-
ters related to obesity. Nonoriginal articles (editorials, let-
ters, and reviews) were excluded from this review.
Articles that did not address the outcomes of interest
(body weight), that did not correlate with obesity, and
that indirectly evaluated the microbiota were excluded.

Data extraction was performed by 2 independent
investigators. When there was no concordance, they were
clarified by consensus with the group’s senior reviewer.
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The risk of bias of each study was assessed follow-
ing version 5.1.0 of the Cochrane Collaboration’s meth-
odology (available at http://handbook-5-1.cochrane.
org/). This tool includes different domains to evaluate
the quality of study: selection bias (random sequence
generation and allocation concealment), performance
bias (blinding of participants), detection bias (blinding
of outcome assessment), attrition bias (incomplete out-
come data), and reporting bias (selective reporting).

RESULTS

The search strategy retrieved 168 publications, 90 of
which were excluded after reading titles and an addi-
tional 35 were excluded after reading the abstracts and
reviewing the type of study design. Thus, following the
analysis of titles, abstracts, and study designs, 125
articles were excluded because they did not meet the eli-
gibility criteria or were duplicates. Forty-three referen-
ces were considered for full-text evaluation, of which 23
were excluded for not directly evaluating microbiota,
diet, or weight or because it was a pilot study, study
protocol, or nonrandomized clinical trial.

Thus, a total of 20 studies (n =931) were included
in this review. The flow diagram for the search strategy
is shown in Figure 1. Tables 2,'>%*7%% 3,223 and 4,%' %
summarize the characteristics of these studies, and
Table 5 presents the main results about microbiota,
weight change, and clinical outcomes. The year of pub-
lication varied from 2011 to 2017; most were published
in 2015. The median duration of intervention was
12 weeks (range = 3-48 wk).

The most frequent intervention, presented in 8 stud-
ies, was supplementation with prebiotics such as non-
starch polysaccharides, resistant starch, soluble fiber, or
insoluble fiber. In 2 studies, the intervention was supple-
mentation with probiotics, and 10 studies had different
methods of dietary intervention. These interventions in-
cluded Mediterranean diet versus a diet low in fat and
rich in complex carbohydrates, comparison between
probiotics and medicinal herbs, comparison of different
levels of protein, comparison of different levels of carbo-
hydrates, protein supplementation, whole grains, medic-
inal herbs, and diet with different types of milk.

Anthropometric parameters such as body mass in-
dex (BMI), weight, waist circumference, waist/hip ratio,
and body fat were used to analyze body composition.
Impact on body composition variables after interven-
tions was presented for 2 studies: 1 study found a reduc-
tion of body weight, and the other showed a reduction
of body weight accompanied by a decrease of body fat
percentage, waist circumference, and BMI.***

Most studies (n=16) evaluated insulin sensitivity,
and 4 studies presented some improvement in plasma
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insulin levels concomitant with change in the gut
microbiota profile. Some studies also evaluated inflam-
matory markers such as tumor necrosis factor alpha
(TNF-a), interleukin 6 (IL-6), and C-reactive protein
(CRP), and 4 studies found reduction in these markers
after intervention with prebiotics.

Intestinal microbiota from fecal samples were ana-
lyzed in all studies. To analyze the microbiota, 4 studies
used the 165 rRNA gene sequencing region V4
method,*>****** 2 used 16S rRNA gene sequencing re-
gion V3-V4,*% 1 used 16S rRNA gene sequencing re-
gion V1-V2,” 1 used 165 rRNA gene sequencing
region V1-V3 or V4-V6,"? 3 used microarray,”>*** 1
used whole-genome sequencing,”” 3 used quantitative
polymerase chain reaction (QPCR ),**”** 1 used qPCR
for specific groups,”* 1 used qPCR for specific groups
plus denaturing gradient gel electrophoresis (DGGE),*
and 3 wused fluorescence in situ hybridization
(FISH).>>*>*° The change between phyla and bacterial
species was observed after intervention in 14 analyzed
studies. The diversity of the microbiota did not change
in all studies. An increase in microbial diversity was ob-
served in 2 studies, especially in those with interven-
tions based on prebiotic or probiotic consumption.

Risk of selection bias was low in 17 of the 20 in-
cluded studies. In some studies, the allocation was
unclear. Risk of performance and detection bias was
low in 13 and 9 studies, respectively. Some studies were
not blinded for participants or for outcome assessment.
Risk of attrition was low in 14 studies. Loss of outcome
data was found in some studies. Only 9 studies had a
low risk of reporting bias because many did not show a
registered protocol.

DISCUSSION

This systematic review evaluated the associations be-
tween dietary modifications, microbiota modulation,
and body weight changes. Different dietary components
and supplements were evaluated in the included studies:
prebiotics, probiotics, and herbal medicines. The most
frequent intervention in these trials was prebiotic sup-
plementation, which had a positive effect in modulating
the intestinal microenvironment, considering an in-
crease in bacterial diversity and changes in the
Bacteroidetes/Firmicutes ratio. However, these changes
were not always accompanied by weight loss.

Prebiotics, especially lactulose, pectin, inulin, oligo-
saccharides, gums, and indigestible and nonstarch poly-
saccharides, are food components that cannot be
digested by humans; thus, they stimulate the growth
and activity of some bacterial populations in the gut.*!
The consumption of prebiotics has been shown to be a
strong stimulus to the growth of the Bifidobacterium
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Records identified through
database searching
unduplicated
(n=168)

Identification
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v

Records screened
(n=78)

Screening

Full-text articles assessed for
eligibility
(n=43)

Eligibility

Studies included in qualitative
synthesis
(n=20)

Included

Records excluded after title analysis
(n=90)

Records excluded after abstract and
due to study design
(n=35)

Full-text articles excluded:
(n=23)

Microbiota indirectly evaluated (n = 11)
Diet not evaluated (n = 1)
Weight not evalutated (n = 5)
Pilot study (n = 1)

Study protocol (n = 1)
Non-randomized trial (n = 4)

Interventions

Prebiotics (n = 9)
Probiotics (n = 2)
Simbiotics (n = 1)

VLCD (n = 4)
LFHCC(n=1)
Mediterranean Diet (n = 1)
Soy Milk and Bovine Milk (n = 1)
Protein Supplementation (n = 1)

Macronutrients

Total Energy (n=7)
Carbohydrate (n = 8)
Protein (n = 8)
Total Fat (n = 8)

Figure 1 Flow diagram of the literature search process. Interventions and macronutrient boxes show the number of interventions included
in the study and the number of studies evaluating the dietary composition at the macronutrient level. Abbreviations: LFHCC, low-fat high—

complex carbohydrate diet; VLCD, very-low-calorie diet.

genus, associated with a reduction of intestinal pH and
a decrease of pathogenic bacteria.*?

It is supposed that microbiota modulation through
prebiotic intake occurs indirectly because the products
resulting from their degradation will promote a more
favorable environment for the selective growth of cer-
tain bacteria. Among the mechanisms involved, it is
worth highlighting the protective effect against endo-
toxemia associated with obesity, favoring weight reduc-
tion and satiety increase.*’
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Fibers, especially soluble ones, have several physio-
logical effects, such as delay of gastric emptying, reduc-
tion of glucose uptake, and improvement of the access of
alpha amylase to its substrate. On the other hand, insolu-
ble fibers induce satiety through their intrinsic physical
properties, modulating gastric motility and altering the
secretion of gut hormones.** Thus, this modulation of
microbiota would be associated with reduction in risk of
developing chronic diseases, such as diabetes mellitus,
cardiovascular diseases, obesity, and cancer.*>*®
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Table 5 Major findings on microbiota, weight change, and clinical outcomes of clinical trials

Reference Intervention Change between phyla  Decreased Decreased Improvement in
or species of bacteria weight inflammation  insulin sensitivity
or microbiota diversity
Canfora et al (2017)% Prebiotic Yes No No No
Beaumont et al (2017)*'  Protein supplementation No No No No
Karl et al (2017)? Prebiotic No No NA Yes
Salden et al (2018)% Prebiotic Yes No Yes No
Mobini et al (2016)*° Probiotic No No No Yes
Haro et al (2016)* Low-fat, high-complex Yes No NA No
carbohydrate diet (LFHCC)
X
Mediterranean
diet (Med)
Hald et al (2016)%* Healthy carbohydrate diet: Yes No NA NA
Prebiotic (RS + AX):
X
Western-style diet: low fiber
Vitaglione et al (2015)**  Prebiotic Yes No Yes No
Brahe et al (2015)% Prebiotic Yes No Yes Yes
Lambert et al (2017)%° Prebiotic Yes Yes Yes Yes
Han et al (2015)% Herbal medicine Yes No No Yes
Song et al (2015)** Herbal medicine Yes No NA NA
Salonen et al (2014)%’ Prebiotic Yes No NA No
X
caloric restriction
Sanchez et al (2014)%° Probiotic No No No No
Lee et al (2014)*’ Probiotic and herbal Yes Yes NA NA
medicine
Vulevic et al (2013)% Prebiotic No No No No
Dewulf et al (2013)" Prebiotic Yes No No No
Fernandez-Raudales Soymilk with different levels Yes No NA NA
et al (2012)*® of -conglycinin and glyci-
nin compared with bovine
milk
Weickert et al (2011)*° Diet high in cereal fiber or No No NA Yes
Diet high in protein
Russell et al (2011)* High-protein and low-carbo- Yes No NA NA

hydrate diet

X

High-protein and moderate-
carbohydrate diet

Abbreviations: AX, arabinoxylans; LFHCC, low-fat, high-complex carbohydrate diet; Med, Mediterranean diet; NA, not applicable; RS,

resistant starch diet.

Some of these studies have shown positive effects
through the direct modulation of microbiota by using
probiotics, which are live microorganisms given in ade-
quate quantities to benefit the host. The beneficial influ-
ence of probiotics on the intestinal microbiota
encompasses factors such as antagonistic effects, com-
petition, and immunological effects, resulting in in-
creased resistance to pathogens.”’ Probiotics help to
recompose the intestinal microbiota through bacterial
adhesion and colonization in gut mucosa, which pre-
vent the production and adhesion of toxins and the in-
vasion of epithelial cells by pathogenic bacteria,
impacting intestinal permeability.*”

Caloric restriction was also effective for modifying
the intestinal microbiota. Hypocaloric diets have been
related to increased bacterial diversity, higher

Nutrition Reviews® Vol. 77(9):601-613

concentrations of short-chain fatty acids, and im-
proved insulin sensitivity.*® In addition, the intestinal
microbiota contributes to the obtainment of energy
from food by promoting the metabolization of
nutrients and vitamins.*’

Ridaura et al®® evaluated the interaction of diet, gut
microbiota, and body composition. They transplanted
fecal microbiota from adult female twin pairs discor-
dant for obesity into germ-free mice fed low-fat mouse
chow. They showed that mice harboring the trans-
planted microbiomes from the obese twins had higher
body and fat mass compared with those transplanted
with microbiota from lean twins. In addition, obesity-
associated metabolic phenotypes were transmissible
with fecal transplantation. They also found that the in-
crease of Bacteroidetes in transplanted microbiota from
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lean co-twins was dependent on a healthy diet (low sat-
urated fat, high fruits and vegetables). These findings
demonstrated the important role of diet on gut
microbiota.>

In the present study, the phylum that was most as-
sociated with elevation of body weight was filo
Firmicutes  followed by  Actinobacteria  and
Proteobacteria. Evidence suggests that foods with high
concentrations of saturated and polyunsaturated fat
stimulate the growth of Firmicutes filo bacteria,
whereas the intake of fruits and vegetables creates an
unfavorable environment for its proliferation.”” In
light of these considerations, it is noted that in most
studies with reduced intake of fruits and vegetables,
body fat and BMI showed a larger increase and per-
centages of Bacteroidetes were smaller than those of
Firmicutes.

It is observed that there is a fast adaptation of
microbiota after the beginning of dietary interventions,
which may lead to modifications in the anthropometric
profile and clinical features. It is not known how long
the effect of intestinal microenvironment modulation
persists after the end of the intervention or the exclu-
sion of a dietary component. Some studies indicate a
tendency for microorganism rearrangement and a re-
turn to the initial pre-intervention status with a conse-
quent return to the initial anthropometric and clinical
parameters associated with obesity.”">* In this sense, it
is often assumed that the treatment of obesity by modu-
lating microbiota would have to occur continuously, be-
ing incorporated into each individual’s routine.

Some limitations of this study should be addressed.
First, there was variability in the methods used to evalu-
ate the microbiota. Although whole-genome sequencing
is the best method to evaluate intestinal microbiota,
only 3 studies included in this review used that ap-
proach. Among the included studies, 16S rRNA gene
sequencing was the most used methodology for profil-
ing bacterial communities, but it could lead to under-
or overestimation of some species in a microbial com-
munity. Because of these methodological limitations,
only changes in phyla, instead of bacterial species, were
considered as outcomes.” Also, dietary interventions
varied widely among studies, and some studies evalu-
ated >1 type of dietary component, making evaluation
difficult.

It is known that human intestinal microbiota
undergoes some type of modulation due to diet modifi-
cation, such as the inclusion of prebiotics or probiotics
in the eating routine. Therefore, it is necessary to ex-
plain which dietary intervention leads to the outcome
in microbiota that would contribute most effectively to
the management of obesity and associated
comorbidities.

612

CONCLUSION

Interventions that modulate the intestinal microbiota,
mainly from prebiotics, show encouraging results for
the adjuvant management of obesity, improving insulin
levels, and reducing inflammatory markers and BMI.
However, the studies included in this review were het-
erogeneous and used multiple sample forms, doses, in-
tervention times, and microbiota evaluation techniques.
This makes it difficult to achieve an analysis that pro-
vides conclusive and definitive results.
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