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Summary
Imbalances in the gut microbiota, the bacteria that inhabit the intestines, are central
to the pathogenesis of obesity. This systematic review assesses the association
between the gut microbiota and weight loss in overweight/obese adults and its
potential manipulation as a target for treating obesity. This review identified 43
studies using the keywords ‘overweight’ or ‘obesity’ and ‘microbiota’ and related
terms; among these studies, 17 used dietary interventions, 11 used bariatric surgery
and 15 used microbiota manipulation. The studies differed in their methodologies
as well as their intervention lengths. Restrictive diets decreased the microbiota
abundance, correlated with nutrient deficiency rather than weight loss and generally
reduced the butyrate producers Firmicutes, Lactobacillus sp. and Bifidobacterium sp.
The impact of surgical intervention depended on the given technique and showed a
similar effect on butyrate producers, in addition to increasing the presence of the
Proteobacteria phylum, which is related to changes in the intestinal absorptive
surface, pH and digestion time. Probiotics differed in strain and duration with diverse
effects on the microbiota, and they tended to reduce body fat. Prebiotics had a
bifidogenic effect and increased butyrate producers, likely due to cross-feeding
interactions, contributing to the gut barrier and improving metabolic outcomes. All
of the interventions under consideration had impacts on the gut microbiota, although
they did not always correlate with weight loss. These results show that restrictive
diets and bariatric surgery reduce microbial abundance and promote changes in
microbial composition that could have long-term detrimental effects on the colon.
In contrast, prebiotics might restore a healthy microbiome and reduce body fat.
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Abbreviations: BF, body fat; BIB, bilio-intestinal bypass; BMI, body mass index; BP,
blood pressure; BW, body weight; CRC, colorectal cancer; DBP, diastolic blood
pressure; DGGE, denaturing gradient gel electrophoresis; F/B ratio, Firmicutes to
Bacteroidetes ratio; FBG, fasting blood glucose; FBI, fasting blood insulin; FISH,
fluorescence in situ hybridization; GB, gastric banding; LSG, laparoscopic sleeve
gastrectomy; NRCT, non-randomized clinical trial; qPCR, quantitative polymerase
chain reaction; RCT, randomized clinical Trial; RoB, risk of bias [Cochrane
Collaboration’s tool]; RoBANS, risk of bias assessment tool for nonrandomized studies;
RYGB, Roux-en-Y gastric bypass; SBP, systolic blood pressure; SCFA, short-chain fatty
acids; SD, standard deviation; TC, total cholesterol; TG, triglycerides; T2DM, type 2
diabetes mellitus; VBG, vertical banded gastroplasty; WC, waist circumference.
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Introduction

Overweight and obesity, which are defined as excessive
body fat accumulation (1), constitute a global epidemic.
According to the World Health Organization, more than
1.9 billion adults were overweight in 2014, and of these,
more than 600 million were obese (1). The obesity epidemic
is related to several health-threatening diseases, such as
arterial hypertension, type 2 diabetes mellitus [T2DM],
dyslipidaemia, coronary heart disease [CHD], stroke,
asthma and arthritis, among others (2). Furthermore, this
condition has important economic impacts, increasing
medical costs for the treatment of related conditions and
indirectly causing reduced productivity, disabilities and
premature mortality (3).

Classically, obesity has been attributed to an excessive
caloric intake along with a sedentary lifestyle (4).
Other factors include genetic predisposition, increasing
maternal age, sleep deprivation, endocrine disruptors,
pharmaceutical iatrogenesis and epigenetics (5). More
recently, the gut microbiota, which is made up of the
collection of microorganisms that inhabits human
intestines, has been implicated in the aetiology of obesity
(6). These bacteria play an important role in physiological
processes such as digestion and metabolism, and they
are suggested to participate in obesity and metabolic
disorder development because they are able to increase
energy production from the diet, induce low-grade
inflammation, regulate the fatty acid tissue composition
and participate in appetite regulation through the gut–
brain axis (7–10).

Many pre-clinical and clinical studies have related the gut
microbiota to obesity. Animal data have shown that germ-
free mice are resistant to obesity, and, upon the introduction
of gut microbes, the animals are likely to increase their
caloric uptake and develop fat deposition and insulin
resistance (11,12). Furthermore, mice that were colonized
with gut microbiota from obese mice harvested energy more
efficiently and developed body fat more quickly (13). The
sequencing of the gut microbiota using the 16S rRNA gene
from the distal intestine in mice showed a distinct pattern
between lean and obese animals with regards to the two
major bacterial phyla, Firmicutes and Bacteroidetes. A
proportional reduction in Bacteroidetes, along with an
increase in Firmicutes, was observed in the obese population
(14). Clinical studies also support the link between gut
microbiota and obesity, and although the differences at the
phylum level between lean and obese individuals are
conflicting (15,16), other microbiota features have been
suggested to interfere with weight responses to interventions
(17,18). Thus, the association between microbiota and
obesity exists, yet the causative versus consequential
association and the magnitude of its contribution in
humans, remains unclear.

Among the therapeutic options for addressing obesity,
lifestyle modifications [diet, physical activity and behavioural
therapy], pharmacological treatment and, for severe cases,
surgical intervention are currently available. Lifestyle
modifications alone promote a long-term weight loss of
5–10% of the original weight, although there is a tendency to
regain 30–50% of the lost weight within the first year and
the remaining weight during the second year (19).
Pharmacological therapy can also promote modest weight loss,
but the majority of drugs are limited due to side effects and a
lack of compliance (20). Bariatric surgery is currently the most
effective option for the long-term treatment of severe obesity,
promoting significant weight loss and mortality reduction
(19). Despite its relative effectiveness, a significant number of
patients experience poor weight-loss outcomes, and long-term
weight regain can reach up to 75% (21,22). Therefore, further
approaches are needed to overcome those issues and help
patients to reduce and maintain a healthy weight. In that
respect, gut microbiota manipulation might represent a novel
target, as such an approach has been associated with
sustainable weight loss (23).
Although the interplay between the gut microbiota and

weight modifications in overweight and obese populations
is currently a topic of interest, the interaction between these
factors remains unclear. This systematic review assesses the
association between the gut microbiota, weight-loss
treatments and metabolic outcomes in overweight and
obese adults and its potential manipulation as a target to
treat obesity.

Methods

Protocol and registration

The protocol for this systematic review was registered on
PROSPERO [CRD42015030003] and is fully available on
the NIHR HTA program website [http://www.crd.york.ac.
uk/PROSPERO].

Eligibility criteria

Studies were selected on the basis of the following criteria:
observational studies with weight-loss interventions [quasi-
experiments] or clinical trials that evaluated the gut
microbiota of overweight or obese adults [≥18 years old].
Overweight and obesity were defined by body mass index
[BMI] and were dependent on patient ethnicity. Weight-loss
interventions included dietary interventions, bariatric
surgery and pre-, pro- or symbiotics use.

Information sources

The following electronic databases were assessed, covering
studies that were published up until November 2016:
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MEDLINE [as accessed by PubMed], EMBASE, Science
Direct, the Cochrane Central Register of Controlled Trials
and LILACS. No date or language restriction was used
while conducting this search.

Search strategy

No systematic reviews addressing this research question
were available in MEDLINE [via PubMed] or the Cochrane
Database at the beginning of this study. During this search,
the terms for ‘obesity’ and ‘microbiota’ were obtained.
To amplify our search strategy, no terms referring to
interventions or controls were used. In December of 2015
[and updated in November 2016], database searches were
performed using the terms ‘overweight’ or ‘obesity’ and
‘microbiota’ or ‘microbiome’ and related terms to obtain
the broadest possible results [see Table S1: Search Strategy].
Potentially eligible papers were searched by screening
reference lists and grey literature.

Study selection

Duplicates were manually identified and excluded. The
articles were then analysed using the following two-step
procedure. First, titles and abstracts that were retrieved
from our literature search were independently analysed by
two reviewers on the basis of inclusion/exclusion criteria.
Then, all of the included articles were subjected to another
analysis of their full text, and the eligible articles were
identified. Disagreements were resolved by consensus-based
discussion or by a third reviewer’s opinion. The agreement
between the reviewers was assessed using Cohen’s kappa
coefficient (24).

Data extraction and quality assessment

Two reviewers independently extracted data from each
study using an extract table template. The extracted data
were as follows: identification of the study, population
description, study design, intervention details and
outcomes. The primary outcome was a gut microbiota
assessment (for total bacterial abundance, richness, alpha
and beta diversity, and bacterial taxonomic composition
[phylum, genus and species]). Secondary outcomes included
anthropometric and clinical outcomes. A third reviewer
assessed all of the studies for the completeness of their data
extraction.

To assess the internal quality of the studies, the Cochrane
Collaboration’s tool for assessing the risk of bias [RoB] was
used for each randomized clinical trial [RCT] (25). The
following areas were assessed: sequence generation,
allocation concealment, the blinding of participants and
personnel, the blinding of outcomes, incomplete outcome
data, selective reporting and other bias. Each domain was

graded as having a low, unclear or high RoB. For non-
randomized studies [NRCTs], the Risk of Bias Assessment
Tool for Nonrandomized Studies [RoBANS] was used
(26). The RoBANS included an evaluation of the participant
selection, confounding variables, measurements of
exposures, blinding of outcomes, incomplete outcome data
and selective reporting. The assessment of the RoB was
made according to the RoBANS criteria, and each criterion
was graded as having a low, unclear or high RoB.

Data synthesis and analysis

This review summarizes the available results from the
literature about gut microbiota changes related to weight
loss in obese and overweight populations. A narrative
synthesis is presented.

Results

Literature search

Overall, we identified 7,311 records, and after excluding the
duplicates and non-eligible titles, 43 original articles were
included. A detailed flowchart showing the study selection
process is presented in Fig. 1. The inter-rater agreement as
calculated by Cohen’s kappa coefficient was 0.9. We
classified studies based on intervention type as follows: (i)
dietary; (ii) surgical and (iii) microbiota interventions [pre-,
pro-, symbiotics]. The results are presented according to this
classification.

General characteristics of the studies

The primary characteristics of the 43 included studies are
described in Tables 1, 2 and 3. Seventeen of the studies
evaluated dietary interventions, 11 involved surgery and
15 addressed specific therapeutics relating to the gut
microbiota. Twenty-five [59%] of the included studies were
published in the last 3 years. Distinct study designs were
found, with 17 RCTs [40%], 15 NRCTs [35%], 8 quasi-
experiments [20%] and 2 [5%] observational studies with
cross-sectional designs. Geographically, 27 [65%] of the
studies were performed in Europe, 10 [23%] in Asia and 5
[12%] in North America. Considering the patient selection,
25 [60%] studies had no gender limit, 11 [26%] included
only women and 6 [14%] included only men. The ages of
the included patients varied between 19 and 73 years old.
The intervention type and setup were highly diverse among
the trials, and the lengths of the interventions varied from
7 to 52 weeks, with a follow-up of up to 2 years. In all of
the studies, a baseline assessment of the gut microbiota
was obtained, and microbial composition changes were
reported as outcomes.
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Several molecular biology techniques were used to assess
the gut microbiota, and some studies employed more than
one approach. Five studies [11%] obtained a microbial
community fingerprint using denaturing gradient gel
electrophoresis [DGGE], 20 studies [46%] used at least
one technique for targeted analysis (fluorescence in situ
hybridization [FISH] using probes or group-specific real-
time [quantitative] polymerase chain reaction [qPCR]), 13
studies [30%] performed metabarcoding 16S rRNA and
10 studies [23%] used metagenomics [shotgun sequencing].
Furthermore, one study used a computational analysis with
the CASINO tool to predict microbial responses to dietary
interventions, and others involved a HITChip analysis. In
addition to assessing microbial richness and taxon profiles,
some of the studies also reported microbiome measures of
microbial metabolites and metabolic pathway expression
that are beyond the scope of this review and therefore will
not be discussed here. Further details on the molecular
biology techniques used in the included studies are available
in the supplementary material [See Table S2: Molecular
Biology Techniques].

-Dietary interventions (Table 1 – Extended version
available [see Table S3]):

This review included 17 studies on 11 different clinical
trials that evaluated changes in gut microbiota following

dietary interventions for weight loss. Of those trials, only
five [45%] were RCTs (16,27–30). The number of patients
included in each trial varied between 12 and 56 (average:
30, standard deviation [SD]: 16).
The composition of the gut microbiota was assessed

through different techniques. Among the 11 included trials,
1 [9%] used only DNA targeted probes [FISH] (29),
3 [28%] used only metabarcoding 16S rRNA (16,28,31),
3 [28%] used only shotgun sequencing (27,32,33) and the
4 [36%] remaining trials combined techniques including
the aforementioned ones, namely species-specific qPCR,
DGGE and computational tools (18,30,34,35).
The first trial to evaluate the impact of a weight-loss

intervention [low-fat vs. low-carbohydrate diets] on the
gut microbiota was published in 2006, and the results
showed no changes in bacterial abundance (16). However,
marked interpersonal differences in the bacterial
composition were described, in addition to percentage
reductions in the frequency of the Firmicutes phylum along
with increases in the Bacteroidetes phylum, which
correlated with weight loss (16). Following this finding,
several similar trials were performed.
Considering all of the included trials with dietary

interventions, the total bacterial abundance was assessed
in only six trials. Within those, five performed hypocaloric

Figure 1 Study flow diagram for study selection.
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interventions, which resulted in reduced total bacterial
abundance in three trials [60%] (29,35,36) and no impact
on bacterial abundance in the remaining two trials [40%]
(16,31). The only trial that evaluated bacterial abundance
after a non-hypocaloric but low-fat intervention showed
an increase in bacterial abundance despite a comparable
amount of weight loss (18).
Another evaluated criterion was intra-individual

microbial richness [alpha diversity], as reported in four
trials. Of those trials, 2 [50%] found increased richness
after the dietary intervention (28,34), while the other
2 [50%] showed no impact (32,33).
Taxonomic analyses were performed in all of the included

trials, although the reported results varied with respect to
the use of targeted versus untargeted techniques to assess
the composition profiles. The analysis of phylum
composition was performed in eight trials, of which five
observed no impact (15,27,30,32,33), two showed an
increase in the relative abundance of Bacteroidetes along
with a decrease in Firmicutes (16,18) and one trial reported
the opposite effects in those phyla (31).
A species assessment was performed in 10 trials. Among

those, six trials used similar interventions [hypocaloric,
low carbohydrate and high protein], and all showed a
reduction in Roseburia spp., Eubacterium rectale and other
species belonging to the Clostridium Cluster XIVa as well as
a reduction in the Bifidobacterium sp. relative abundance
(15,30–32,34,35). By contrast, the only trial using a non-
hypocaloric but low-fat intervention found an increase in
Clostridium Cluster IV, Bifidobacterium sp., Akkermansia
muciniphila and Faecalibacterium prausnitzii (18). Changes
in Lactobacillus sp., A. muciniphila and F. prausnitzii were
not consistent among the studies, although we observed an
increasing trend in the relative abundances of those species
(18,28,30,31,33).
Among the included trials, three showed the importance

of the intrapersonal microbiota composition and its
consistency, despite the implementation of dietary
interventions (16,35,36). In addition, a high bacterial gene
count and a higher abundance of A. muciniphila correlated
with better metabolic parameters, while the Lactobacillus/
Leuconostoc/Pediococcus group abundance was related to
a poorer profile of metabolic markers and weight regain
(17,34,37). Furthermore, another trial suggested that the
individual gut microbiota composition was a predictor of
successful weight loss after very-low-calorie interventions,
with higher frequencies of A. muciniphila and Dialister
along with the abundance of Gordonibacter, Alistipes and
Symbiobacterium being correlated with successful weight-
loss maintenance (33).
As expected, carbohydrate restriction generally improved

the metabolic parameters, including a reduction in the
fasting blood glucose [FBG] (28,29,32–35), insulin
resistance index [HOMA-IR] (29,33,34), blood lipidsT
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(28,29,32–35) and inflammatory markers (28,32–34).
Several correlations between bacterial taxa and metabolic
parameters were found as follows. A. muciniphila was
negatively correlated with FBG and triglycerides (17) and
with metabolic syndrome in general (33); Bifidobacterium
correlated with plasma insulin (36) and F. prausnitzii was
inversely correlated with inflammatory markers (32).
Furthermore, using a computational tool, Shoaie et al.
(37) correlated a lower bacterial gene count with the
production of several amino acids and metabolic diseases,
and these authors showed that dietary intervention might
reduce those products and therefore improve insulin
sensitivity, reducing the cardiometabolic risk. Considering
these trials, we could not relate the amount of weight loss
to specific changes in the gut microbial composition.
-Surgical interventions (Table 2 – Extended version

available [see Table S4]):
Eleven papers reported the impact of surgical

interventions for weight loss on the gut microbiota over
10 trials; eight of these were quasi-experimental studies
(38–45), two were cross-sectional studies comparing the
gut microbiota of post-bariatric patients and controls
(46,47) and one was an RCT (48). The chosen surgical
interventions varied; five studies involved Roux-en-Y
gastric bypasses [RYGB] (38–40,43,46), two used bilio-
intestinal bypasses [BIB] (42,45) and in two other studies,
the technique was primarily restrictive (laparoscopic sleeve
gastrectomy [LSG] or gastric banding [GB]) (41,47). The
remaining two studies compared RYGB to LSG (44,48).
The number of patients included in each study varied
between 6 and 56 [average: 21, SD: 15].
The techniques used to assess the gut microbiota in the

included studies were as follows: five studies [45%] used
metagenomics [shotgun sequencing] (40,41,43,44,48), four
studies [36%] used 16S rRNA gene metabarcoding
[a group-specific qPCR was also performed in two of them]
(39,42,46,47), one study [9%] used DGGE (45) and one
study [9%] used only group-specific qPCR (38).
The differences between obese and normal-weight

individuals were assessed in five studies. Federico et al.
(45) observed differences in the microbial community
fingerprints between normal-weight and obese individuals
using DGGE. The remaining four trials involved taxonomic
analysis. In 75% of cases, there was a higher level of the
Bacteroidetes phylum [Prevotella sp.] (38,46,47), and 50%
also reported a higher level of Archaea in obese patients
(38,46,47). In contrast, Patrone et al. (42) found a reduced
Bacteroidetes rate in obese patients relative to that in
normal-weight patients, with a remarkably lower count
for that phylum percentage. A reduced A. muciniphila
abundance and a higher SCFA production were also
reported in obese patients (46,47).
We included five studies using RYGB surgery (38–40,43,46),

covering four different trials. One study reported anT
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increase in bacterial richness (43). Upon comparing the
composition of gut microbiota pre- and post-RYGB
procedure, a data analysis of those four trials showed no
difference in the phylum level, although a decreasing
Firmicutes trend and an increase in Proteobacteria were
observed at the post-operative stage. Furthermore, all four
trials showed an increase in Escherichia coli [phylum
Proteobacteria], and 75% reported a decrease in
Lactobacillus sp. [phylum Firmicutes] (38–40). Moreover,
a decrease in the Blautia, Dorea [phylum Firmicutes] and
Bifidobacterium [phylum Actinobacteria] genera was
reported (39). The abundance of F. prausnitzii, a member
of the Clostridiaceae family [phylum Firmicutes], showed
inconsistent results. The Firmicutes to Bacteroidetes ratio
was reduced in 75% of the included studies.

Laparoscopic sleeve gastrectomy, which is primarily a
restrictive surgical technique, was assessed in two studies
(41,47). Damms-Machado et al. (41) reported that LSG
promoted more profound changes in the gut microbiota
composition than a very-low-calorie diet, despite producing
similar weight loss. These changes included a decrease in
Firmicutes along with an increase in Bacteroidetes and were
comparable to the RYGB result. Specifically, Clostridium
Clusters IV and XIV, Dorea, Faecalibacterium and butyrate
producers [Eubacterium rectale, Ruminococcus and genera
from the Lachnospiraceae family] were decreased. The
Firmicutes to Bacteroidetes ratio was again reduced. A
cross-sectional study including post-LSG patients showed
no impact on the bacterial diversity and decreased
Bacteroides and Archaea (47).

One study using the BIB technique reported a reduction in
the bacterial richness, and, along with the results from the
RYGB technique, there was an increase in Proteobacteria
[family Enterobacteriaceae]. As shown for restrictive
techniques, the abundance of butyrate producers [order
Clostridiales, including the Faecalibacterium, Ruminococcus,
Clostridium and Eubacterium genera] was reduced (42). The
impact of BIB was also evaluated by Federico et al. (45), who
showed different microbial community fingerprints before
and after surgery. Using DGGE, they showed that the
abundant bands found for the obese population were absent
after the intervention, along with an increase in the band that
corresponded to Lactobacillus sp.

Two studies compared different surgical interventions for
weight loss (44,48). While Tremaroli et al. (48) did not
observe any differences between the microbial profiles after
RYGB and vertical banded gastroplasty [VBG], Murphy
et al. (44) observed an increase in the bacterial diversity
and a decrease in the relative abundance of Bacteroidetes
after RYGB but no impact on the diversity and an increased
relative abundance of Bacteroidetes after LSG.

Considering the amount of weight loss, RYGB [five
studies] exerted a major impact on weight reduction,
showing 21–27% losses, while RT [three studies] resulted

in body weight reductions of 20–24%, and BIB [two
studies] led to body weight reductions of 16–18%.

Improvements in metabolic markers, including a
reduction in FBG and blood lipids and a reduction in blood
pressure [BP], were reported regardless of the chosen
technique, although correlations with bacterial taxa were
conflicting. Graessler et al. (40) found a positive correlation
between F. prausnitzii and FBG, unlike Furet et al. (38).
Another study also found a negative correlation between
FBG and Lactobacillus (42). Inflammatory markers were
positively correlated with Propionibacterium (44) and
negatively correlated with F. prausnitzii (38).

-Microbiota interventions (Table 3 – Extended version
available [see Table S5]):

Three types of microbiota-driven therapies for weight loss
were identified among the included studies: probiotics,
symbiotics and prebiotics. Probiotics are live microorganisms
that can reach the intestines in an active state and promote
positive health effects, while prebiotics are selectively
fermented ingredients that allow specific changes in the
composition and/or activity of gut microbiota, thereby
conferring benefits. The synergistic combination of pre- and
probiotics is known as symbiotics (49).

From the 15 studies that included direct interventions in
the gut microbiota, five involved probiotics, one used
symbiotics and nine included prebiotics. Considering the
study design, six were single-group assessments (50–55)
and nine were RCTs [seven with parallel assignments and
two with a cross-over design] (23,56–63). The number of
patients included in each trial varied between 7 and 160
[average: 47, SD: 44]. The length of the intervention varied
between 3 and 26 weeks [average: 13 weeks, SD: 8].

The techniques used here to assess the gut microbiota in
the included studies were as follows: seven studies [47%]
involved 16S rRNA gene metabarcoding [one also included
a qPCR analysis of specific taxa] (23,51,52,54,55,61,62),
five studies [33%] used only qPCR (50,57–59,63) and three
studies [20%] combined qPCR with HITChip analysis or
DGGE (53,56,60).

The impact of six types of probiotics on weight loss was
assessed in five studies (23,53,57,58,63). In four studies
performed to test 5 [80%] different probiotic strains
[Lactobacillus rhamnosus, Lactobacillus fermentum,
Lactobacillus amylovorus, Bifidobacterium animalis or a
mix of strains], there was no impact on body weight. Of
those, the study using L. rhamnosus reported a pronounced
treatment–sex interaction, with a reduction in the
Lachnospiraceae family along with a body weight and fat
percentage reduction after a probiotic intervention in
women (23). Body fat was also decreased after L.
fermentum and L. amylovorus intake (58). One study
[25%] on Lactobacillus plantarum associated probiotic
intake with weight loss (57). Probiotic intake was also
correlated with changes in the relative abundance of
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Clostridium Cluster IV, Bifidobacterium and A.
muciniphila, with differences between trials. While L.
amylovorus inhibited Clostridium Cluster IV, the mix of
different strains did not exert any impact on the cluster.
Bifidobacterium was increased after the intake of either
the mix of strains or the intake of B. animalis, although this
genus showed no changes in relative abundance after L.
fermentum or L. amylovorus intake.

One study used a symbiotic intervention (a combination of
seven probiotic strains and herbal medicine [Bofutsushosan]),
resulting in increased Bifidobacterium and Lactobacillus
abundance, but there was no impact on body weight (59).

The use of prebiotics was assessed in nine trials
(50–52,54–56,60–62). The tested prebiotics varied and
included the following: inulin-type fructans [ITF] (56),
Rehmannia glutinosa (54), Schisandra chinensis fruit [SCF]
(60), kimchi (61), whole grains (50), Ephedra (52), Panax
(51), resistant starch type 4 [RST4] (62) or a combination
[guar gum, pectin and konjac flour] (55). The impact of the
interventions on the gut microbiota phylum composition
varied, and 71% of the included studies showed an increase
in the Actinobacteria phylum (50,54–56,59,61). Further
changes included an increasing tendency for important
bacterial groups such as Clostridium Clusters IV and
XIVa, Lactobacillus and F. prausnitzii [phylum
Firmicutes], A. muciniphila [phylum Verrucomicrobia] and
Bifidobacterium [phylum Actinobacteria], with decreases
in Bacteroides [phylum Bacteroidetes] and Enterobacter
[phylum Proteobacteria]. Additionally, two trials showed
that the impacts of the compounds as prebiotics were
dependent on the individual gut microbiota composition,
and the authors suggested that the different dietary patterns
and preferred foods, digestive times [transit time and
digestive secretions], and age, among other factors, could
determine the baseline richness and taxonomic microbial
composition of the gut microbiota and their changes
following prebiotic intervention (51,52).

Over half of these studies [55%] reported no impact on
body weight (50,54,56,60,62), while the remaining trials
showed weight loss (51,52,55,61). In addition, 75% of
studies reported body fat reductions (50–52,60–62).

In general, the manipulation of gut microbiota with the
use of pro-, pre- or symbiotics had no impact on BP or
metabolic markers such as FBG and blood lipids. However,
some compounds tended to improve the blood lipid
profile (54,55,57,60) and to reduce the levels of
inflammatory markers (55,56). In addition, some
correlations between bacterial taxa and metabolic markers
were found. For instance, the FBG was positively correlated
with Roseburia (52) and negatively correlated with Blautia
(54), Ruminococcus (60), Enterobacter (52) and
Clostridium Cluster IV (56). In addition, the total
cholesterol was negatively correlated with Parabacteroides
and Oscillospira, and the Low-density-lipoprotein [LDL]

cholesterol was correlated with Methanobrevibacter and
Ruminococcus (62).

Quality assessment

Among the included studies, 18 involved an evaluation of
the RoB through an RoB [RCT] and 25 included RoBANs
[NRCT] [See Table S6: Quality Assessment]. Using the
RoB evaluation, 77% presented adequate sequence
generation, 61% reported allocation concealment, 55%
had the authors were blinded to individual data, 100%
involved a blinded assessment of outcomes, 50% reported
losses in the follow-up and exclusions, 88% reported
suggested information and 77% were judged free of other
sources of bias. Considering the RoBANs, 52% presented
an adequate patient selection, 48% were judged to be free
of confounding variables, 84% had adequate exposure
measurements, 100% had blinded outcomes, 48% reported
drop-outs and 56% reported the suggested information.

Discussion

The growing interest in gut microbiota studies in the obesity
field is motivated by the possibility that gut microbiota
manipulation may help in achieving sustained weight loss.
Our review shows that any type of weight-loss intervention
[dietary, surgical or direct manipulation of gut microbiota]
impacts the gut microbiota composition, although this
impact is not always correlated with the amount of weight
loss. More importantly, it appears that the baseline
composition of the gut microbiota influences responses to
weight-loss interventions. This is the first systematic review
to assess different approaches to obesity and their relations
to the gut microbiota.
The gut microbial composition is unique to each person

and is strongly influenced by environmental factors, such
as genetics, the delivery route, infant feeding patterns,
sanitary conditions and antibiotic usage (64). Marked
changes in the microbiota composition occur in early
infancy, after which point it becomes relatively stable (65).
Long-term dietary patterns have a powerful influence on
the gut microbiota composition (66), and they are
associated with the three gut microbiota profile variants
[clusters], which are known as ‘enterotypes’ (67).
The enterotypes are divided according to the predominance
of Bacteroides [which is associated with high-protein
and animal fat diets], Prevotella [which is associated
with carbohydrate-rich diets] or Ruminococcus, and
these enterotypes might correlate with individual health
status. However, lifestyle modifications, dietary changes
and supplements rapidly and broadly impact
microbiota dynamics, which might occur on a day-to-day
timescale (68).
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The first challenge in summarizing the results of this
review was that several different molecular biology
techniques [DGGE, FISH, qPCR, 16S rRNA metabarcoding
and shotgun sequencing] have been used to assess the gut
microbial composition, which results in distinct ways of
presenting microbiota changes. These assessments include
differences at the taxonomic level [phylum, genus and
species] and other characterizations of microbiota, such as
richness [alpha diversity] and inter-individual variation
[beta diversity]. Even when the same data type [shotgun
sequencing or 16S rRNA metabarcoding] is present,
differences in clustering methodology, distance metrics,
operational taxonomic units (OTU)-picking approaches
and the sequencing depth or 16S rRNA region represent
possible sources of differing results (69). In addition, the
methodology for faecal specimen collection and storage lack
uniformity among the studies included herein, which may
alter the reported microbial composition (70). Considering
those differences and the small number of patients tested
using similar methods to assess the same class of organisms,
this was the first obstacle to conducting a meta-analysis.

Another challenge was that several intervention types and
lengths were used, and there was a wide range of study
designs. Most of our included studies were not optimal for
assessing the relation between interventions on the gut
microbiota and weight, as only 18 [41%] were RCTs.

Furthermore, the assessed RoB for the included studies
generally showed poor to moderate quality due to the
potential sources of bias. These biases included the use of
small samples [58% of the studies included fewer than 30
patients], broad criteria for patient inclusion [diverse BMIs,
genders and ages], a lack of controls, a poor description of
population characteristics and consideration of potential
confounding issues.

Another possible confounder for microbiota composition
results is the presence of comorbidities, which were not
always described in the included studies. Historically,
obesity was associated with an increased relative abundance
of Firmicutes and decreased Bacteroidetes (16,18,38,54);
however, this association was not supported in further
studies (15,33,41,47). One of the possible explanations
for those divergent results is the presence of comorbidities.
Specifically, the presence of type 2 diabetes has been
associated with an increased Firmicutes/Bacteroidetes
ratio (31).

Despite the aforementioned issues, this review highlights
the following observations. First, when considering dietary
interventions, restrictive diets seem to promote a reduction
in gut microbiota diversity, which is correlated with
macronutrient deficiency rather than weight loss. For
instance, carbohydrate restriction might lead to changes in
the activity and abundance of several bacterial groups
(29). Dietary fat intake impacts the gut microbial
composition, intestinal permeability and metabolic

endotoxaemia (71). In addition, high-protein diets also
exert impacts on the gut microbiota by reducing microbial
diversity and changing the taxon profiles (72). In addition
to these phenomena, the dietary interventions in this
review led to a reduction in certain bacterial groups, such
as the abundance of the butyrate-producing Firmicutes
[Clostridium Clusters IV and XIVa], Lactobacillus sp. and
Bifidobacterium sp. These results indicate a reduction in
complex carbohydrate intake and suggest that these
bacteria function as prebiotics (73).

The included studies with dietary interventions for weight
loss also indicate that the inter-individual differences in the
microbiota composition at the baseline are important
(30,36,74) and might be a useful tool for predicting
weight-loss responses and the best individual therapies in
the future (33). Further studies also show that the baseline
microbiota composition can predict responsiveness to
weight-loss diets, including metabolic improvement (75),
besides influencing responses to prebiotic interventions
(76,77). Microbial richness plays a role in individual
responses to dietary interventions, and low microbial gene
counts indicate a poor response to the intervention.
However, weight-loss diets were able to increase the
microbial gene richness in some studies, suggesting an
advance from risk detection to risk alleviation (34).
Furthermore, the higher relative abundance of A.
muciniphila, a mucus-degrading bacterium, seems to play
a role in the response to dietary interventions and weight
trajectory success (17,33,35,36); this same bacterium has
been associated with intestinal integrity, glucose
homeostasis and cardiometabolic health (17). Another
microbe with a promising role in maintaining health is F.
prausnitzii, a butyrate producer that is related to the lean
phenotype and is capable of improving gut barrier function
(78). These observations highlight the possible benefit of
personalized approaches to weight management that
account for the baseline composition of individual
microbiota.

Data collected from surgical interventions suggest that
gut microbiota changes occur due to several factors, related
to the technique used. Laparoscopic sleeve gastrectomy, a
primary restrictive procedure, induces the smallest impact
on the gut microbiota, which is related to bacterial
adaptation to caloric restriction; this process leads to similar
changes as those observed with dietary restriction and other
surgical techniques (41). This reduction in the Firmicutes
phylum and therefore the fermentation activity may result
in reduced energy harvest and SCFA production, such as
acetate and propionate, which are substrates for
gluconeogenesis and lipogenesis (41). Roux-en-Y gastric
bypass also induces a similar decrease in the presence of
the Firmicutes phylum, yet it promotes wider microbial
adaptation, possibly because the anatomic changes provoke
the exposure of the remnant stomach to higher gastric acid
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levels and reduce the absorptive intestinal surface (41). In
addition, the ingestion transit time is accelerated, and the
increased intestinal pH modifies the oxidoreduction
potential in the gut, likely affecting aerobes and facultative
aerobic microorganisms, such as Proteobacteria. The
increase in Proteobacteria in the gut after RYGB might also
be related to reduced bacterial translocation in the blood
along with improved insulin resistance and systemic
inflammation, as these species account for the majority of
blood bacterial DNA (39). An increase in E. coli [phylum
Proteobacteria] could contribute to energy harvest, as
animal data show that E. coli might help the host to
survive under starvation situations (39). Although those
changes improve metabolic markers, there are concerns
about the risk of colon inflammation and colorectal cancer
[CRC], which are especially attributed to increases in
Enterobacter cancerogenus, Shigella boydii and Salmonella
enterica and to a reduction in butyrate-producing
Firmicutes (40).

The included studies involving probiotic interventions
were highly diverse in duration, strain and concentration.
While L. plantarum promoted body weight reduction, L.
fermentum and L. amylovorus had no impact on body
weight but reduced the body fat content. Furthermore, L.
rhamnosus generally had no impact on anthropometric
markers, yet it was able to reduce body weight and body
fat in women. Additional studies that did not fulfil the
inclusion criteria for this systematic review also reported
associations between certain strains and weight changes.
In 2011, a systematic review on this topic reported the
associations of L. acidophilus, L. fermentum and L.
ingluviei with weight gain and L. plantarum and L. gasseri
with weight loss (79). Later, there was criticism about those
conclusions because the weight gain observed for some
species was seen in children and could therefore represent
their physiological development and growth rather than
indicate an increased risk for obesity development in
adulthood (80). More recently, further systematic reviews
including clinical trials with probiotic interventions for
weight loss were performed, with divergent results. While
one group concluded that probiotics had limited effects in
terms of reducing body weight, another concluded that their
intake could reduce body weight, especially if multiple
strains are used (81,82).

The intake of prebiotics, or compounds that resist
digestion in the small intestine and reach the colon to be
fermented by gut microbes, as primarily represented by
carbohydrates, was also evaluated. An analysis of the
studies included in this systematic review shows that not
only oligosaccharides can act as prebiotics, but that other
compounds are also able to promote changes in the
composition and function of gut microbiota, including the
increase of bifidobacteria. Along with this bifidogenic effect,
prebiotic intake facilitates a cross-feeding interaction that

results in an increase in butyrate producers and butyrate
synthesis, which contributes to gut barrier function,
immunomodulation and anti-inflammatory properties, as
this fatty acid is the preferred source of energy for
colonocytes (83). Accompanying this information, this
review suggests a possible benefit of prebiotic intake,
which is primarily due to fat mass reduction and
improved metabolic outcomes such as reduced glucose
tolerance and lipid metabolism. Furthermore, a published
meta-analysis found a reduction in the total plasma
cholesterol, triglycerides and fasting insulin after pre-
and symbiotic intake in the overweight or obese
population (84). However, the potential benefit of this
approach is likely to be dependent on the individual gut
microbiota composition and long-term dietary pattern,
specifically fibre intake (85).
The observed results after the manipulation of the gut

microbiota in the included studies suggest a possible
causal effect of the microbiota composition on weight
management and metabolism. In line with these
observations in humans, animal studies have shown that
transplanting the intestinal microbiota of mice that were
discordant for obesity and comorbidities impacted the
weight gain, insulin resistance and development of non-
alcoholic fatty liver disease in recipient mice (86,87).
Furthermore, a human study showed that an infusion of
intestinal microbiota from lean donors to metabolic
syndrome patients promoted changes in the gut microbial
composition and improved insulin sensitivity (88).
However, in light of current knowledge, a conclusion
about the causal versus consequential effects of the gut
microbial composition and the exact species involvement
in weight management in humans is not yet possible.
Despite the great reduction in morbidity and mortality

usually associated with weight loss in obese populations,
changes in the gut taxonomic profiles and microbial
products might be detrimental to the colon. Some types
of diets that are commonly used for weight loss (e.g.
high-protein low-fibre diets) can contribute to the
production of dietary components and metabolites that
contribute to intestinal inflammation, reactive oxygen
species [ROS] production and genotoxicity, increasing
the risk of CRC (89). Reductions in butyrate producers
and increased Proteobacteria are common after dietary
and surgical interventions for weight loss, and they are
also associated with colon cancer (90). Microbiota-
targeting therapy, such as the use of pre- or probiotics,
has been suggested to combat CRC-associated
dysbiosis (91).
In summary, the available results in humans suggest that

any intervention type for weight-loss impacts the gut
microbiota; however, the relationship between the gut
microbial composition and weight management remains to
be determined.
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Limitations

This review provides a comprehensive update on this topic,
although certain limitations should be acknowledged. The
different protocols used to collect the faecal material along
with the wide range of methodologies [targeted vs.
untargeted] used to assess the gut microbiota resulted in
different ways to present data about microbial abundance
and composition [with different levels of assessment].
Furthermore, several study designs [RCTs, NRCTs,
observational studies and quasi-experimental studies] were
implemented, and these also represented a limiting factor
in generalizations. In addition, the length of the intervention
and observation periods and differences in the populations
[age, gender, comorbidities and geographic location] might
represent confounding factors. A meta-analysis of the
results was not feasible or appropriate; therefore,
generalizations should be made with caution.

Conclusions

This review systematically assessed studies of weight-loss
interventions in obese and overweight patients. There were
significant differences in the methodology, design, length
of intervention and observation among the included studies,
and their risks of bias were generally considered to be low to
moderate. The gut microbial composition is unique to each
person and is strongly influenced by several factors. This
review shows that any type of intervention for weight loss
[dietary, surgical or the use of pre-, pro- or symbiotics]
impacts the gut microbiota composition, but this impact is
not always correlated with the amount of weight loss. More
importantly, it appears that the baseline composition of gut
microbiota might influence individual responses to weight-
loss interventions. Restrictive diets and bariatric surgery
seem to reduce microbial abundance and promote changes
in composition that might be detrimental to the colon in
the long-term. The use of prebiotics might be able to restore
a healthy gut microbiome in addition to reducing body fat.
Further trials that include a larger number of patients are
needed to draw conclusions about the role of specific
bacterial taxa in human health and to evaluate the impact
of specific probiotics on gut microbiota.
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