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Abstract

BACKGROUND

Metabolic syndrome is a multifactorial disease, and the gut microbiota may play a role
in its pathogenesis. Obesity, especially abdominal obesity, is assEiated with insulin
resistance, often increasing the risk of type two diabetes mellitus, vascular endothelial
dysfunction, an abnormal lipid profile, hypertension, and vascular inflammation, all of

which promote the development of atherosclerotic cardiovascular disease.

AIM
The aim of this study was to evaluate the outcomes of fecal microbiota transplantation

(FMT) in patients with metabolic syndrome.

METHODS
This was a randomized, single-blind placebo-controlled trial comparing FMT and a
sham procedure in patients with metabolic syndrome. We selected 32 female patients,

who were divided into eight groups of four patients each. All of the patients were




submitted to upper gastrointestinal endoscopy. In each group, two patients were
randomly allocated to undergo FMT, the two other patients receiving saline infusion.
The patients were followed for one year after the procedures, during which time
anthropometric, bioimpedance, and biochemical data were collected. The patients also
had periodic consultations with a nutritionist and an endocrinologist. The primary end

point was a change in the gut microbiota.

RESULTS

There was evidence of a postprocedural change in microbiota composition in the
patients who underwent FMT in relation to that observed in those who underwent the
sham procedure. However, we found no difference between the two groups in terms of

the clinical parameters evaluated.

CONCLUSION

There were no significant differences in biochemical or anthropometric parameters,
between the two groups evaluated. Nevertheless, there were significant postprocedural
differences in the microbiota composition between the placebo group. To date, clinical

outcomes related to FMT remain uncertain.

EITRODUCTION

The prevalence of metabolic syndrome parallels that of obesity and diabetes —up to 45%
of the population worldwide—and_is expected to rise as a consequence of increasing
longevity and unhealthy lifestyles.12 Obesity has become one of the most important
public health problems in the United States and in many other resource-rich countries,
as well as in transitional economies. The increase in the prevalence of obesity has
resulted in increases in the incidence of associated diseases such as diabetes and

hypertension.34




Obesity, especially abdominal obesilhis associated with insulin resistance, often
increasing the risk of type two diabetes, vascular endothelial dysfunction, an abnormal
lipid profile, hypertension, and vascular inflammation, all of which promote the
development of atherosclerotic cardiovascular disease.’¢ Individuals in whom the
metabolic risk factors for type two diabetes coexist with those for cardiovascular disease
are classified as having metabolic syndrome.”

There are many treatment modalities for obesity and metabolic syndrome. However,
optimal management is still a challenge because multiple factors are involved in its
physiopathology, such as genetic predisposition, sedentary lifestyle, and a specific
distribution of body fat.8? Therapeutic approaches targeting dysbiosis and
manipulation of the gut microbiome have recently been developed. Such approaches
include the use of prebiotics, probiotics, symbiotics, antibiotics, and fecal microbiota
transplantation (FMT). It is known that FMT can change the gut microbiota and increase
its diversity, resulting in a microbiome that could help decrease body fat and increase
insulin sensitivity, as well as facilitating the treatment of metabolic syndrome and
obesity. The gut microbiota is composed of trillions of microorganisms that can
influence the human organism by various mechanisms, having been associated with
ma%diseases and conditions, including obesity and metabolic syndrome.0-4

The aim of this study was to evaluate the outcomes of FMT in patients with
metabolic syndrome. To that end, we performed a randomized placebo-controlled

clinical trial.

MATERIALS AND METHODS
STUDY DESIGN

This was a randomized, single-blind, placebo-controlled clinical trial comparing FMT
and a sham procedure in patients with metabolic syndrome. We selected patients who
had been diagnosed with metabolic syndrome according to the 2006 International
Diabetes Federaan criteria.!> Additional inclusion criteria were being female, being

between 18 and 70 years of age, and having a body mass index (BMI) of 30-40 kg/m?2.




Patients who had previously undergone gastrointestinal surgery were excluded, as
were those with immunodeficiency, those who had previously undergone treatment for
obesity, and those who had used any weight loss medication, antibiotics, or probiotics
within the last three months. The primary end point was a change in the gut microbiota.

After an initial screening for the characteristics of metabolic syndrome, the patients
were referred for consultations with a nutritiﬁ'st and an endocrinologist.
Anthropometric, bioimpedance, and biochemical data were analyzed.

The study was approved by the Research Ethics Committee of the Hospital das
Clinicas (CAAE: 62319916.9.0000.0068) operated by the University of Sao Paulo School
of Medicine, in the city of Sao Paulo, Brazil. All participating patients provided written
informed consent.

STUDY POPULATION

Female patients with class I or II obesity were recruited utilising of an advertisement at
the entrance of the Hospital das Clinicas. We included 32 female patients (age range,
20-69 years) with ¢ II obesity (BMI 30-40 kg/m?) and metabolic syndrome.
Metabolic syndrome was defined as a fasting glucose level > 100 mg/dL or use of
antidiabetic medications or insulin, plus at least two of the following criteria:
triglycerides = 150 mg/dL; high-density lipoprotein cholesterol < 50 mg/dL (the
standard for women); blood pressure> 130/85 mmHgor use of antihypertensive
medication; and abdominal obesity, defined as a waist circumference > 80 cm (the
standard for women).

We chose to use a single feces donor, in an attempt to maintain the same bacterial
diversity for all recipients, despite the fact that not all of the donations were made on
the same day. To screen the donor, we used the protocol devised by van Nood et
al'® The donor (a 30-year-old female) was a volunteer and was initially screened with a
questionnaire on communicable diseases. Stool and blogd samples were collected. The
stool sample was screened for parasites, Clostridium difficile, and enteropathogenic
bacteria. The blood sample was screened for the following: antibodies to human

immunodeficiency virus; human T-cell lymphotropic virus types I and II; hepatitis A, B,




and C; cytomegalovirus; Epstein-Barr virus; Treponema pallidum; Strongyloides stercoralis;
and Entfamoeba histolytica. The screening was repeated every 4 mo during the 1-year
donation period. Immediately prior to each donation, another questionnaire was used
in order to identify any recent illness.1®

SAMPLE COLLECTION

On the day of the procedure, a stool sample was collected from each patient. In most
cases, the samples were collected from a spontaneous evacuation by the patient prior to
the procedure or by digital rectal extraction after the patient had been sedated. In one
patient, it was necessary to perform proctoscopy to obtain the stool sample, which was
captured with a snare. After the stool samples had been labeled, they were stored at
-80°C.

PREPARATION OF MICROBIOTA SOLUTION

On the day of ation, the microbiota solution was prepared by diluting 200 g of
donor feces in 500 mL of sterile saline. The solution was stirred, after which the
supernatant was strained and transferred to a sterile bottle.’® Immediately after
preparation, the microbiota solution was transported from the laboratory to the
endoscopy center.

PROCEDURE

The 32 patients were divided into eight groups of four patients each. All of the patients
were submitted to upper gastrointestinal endoscopy. In each group, two patients were
randomly allocated to undergo FMT, the two other patients receiving saline infusion.
All procedures were performed at the endoscopy center of the Hospital das Clinicas.

All of the patients underwent upper gastrointestinal endoscopy under sedation.
Infusions were performed with a “oscope, which was advanced past the ligament of
Treitz and released 200 mL of the microbiota or saline solution. In the FMT group
patients, the solution was infused within 4 h after the feces had been collected from the
donor.

FOLLOW-UP




The patients underwent follow-up for one year after the procedure, during which time
they had additional consultations with a nutritionist and an endocrinologist: at six
weeks, six months, and one year. At each visit, anthropometric parameters, medication
use, antibiotic use, and patient complaints were evaluated. Stool samples collected at
each time point (baseline, six weeks, six months, and one year) were analyzed.

After the procedures, the patients were required to adhere to a standardized diabetic
diet (1000 calories/day) and were instructed to keep a food diary for a period of one
year. They were also instructed to use no probiotics and to inform the research team if

ey needed to use antibiotics.
DNA EXTRACTION AND PAIRED-END SEQUENCING
A 200-mg aliquot of feces from each patient was analyzed with the QiaAmp DNA Stool
Mini Kit (QIAGEN, Hilden, Germany), in accordance with the manufacturer’s protocol.
The V4 region of the 16 S rRNA gene was amplified by using the primers V4 F
(TCGTCGGCAG CCAGTGATGTGTATAAGAGACAGGTGCCAGCMGCC
GCGGTAA) and V4 R
(GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGGACTACHVGGGTWTCTAA
T).'7 Amplification was performed in two steps with a custom Illumina preparation
protocol (Illumina, San Diego, CA, USA). The samples were pgoled and loaded into an
Illumina MiSeq reagent cartridge (Illumina, San Diego, CA) for paired-end, 500-cycle
sequencing at a final concentration of 12 pM. The library was clustered at a density of
approximately 820 K/mm?. Image analysis, base calling, and data quality assessment
were performed on the MiSeq platform. A DNA-free negativhcontrol was used, and
polymerase-chain-reaction steps were performed. On a gel, no visible amplification
signal was observed for the no-template control, indicating that bacterial contamination
was minimal.
Bioinformatic analysis
The raw reads were demultiplexed and analyzed using QIIME software, version
1.9.18 The software was used in order to remove barcodes and primer sequences, as well

as to extract chimeric artifacts, align sequences, construct distance matrices, define




operational taxonomic units (for phylogeneﬁ tree construction), calculate diversity
indices, and test hypotheses. After removing the barcodes and primers, we filtered the
sequences, discarding the reads that were smaller than approximately 400&13. We then
checked for chimeras, using USEARCH,'8and excluded the sequences identified as
chimeric. The sequences of the remaining libraries were grouped_into operational
taxonomic units, based on 97% similarity to sequences in the SILVA database, version
128.19 The relative abundance of the bacteria was determined in relation to the main
phyla and genera that appeared in at least 1% of the total found in both groups.

The alpha and beta diversity indices were calculated for each library. To calculate
the alpha diversity, we used the Chaol richness estimate,?? together with the Shannon
ﬁ'ld Simpson diversity indices.??* To calculate the beta diversity, we constructed a
principal coordinate analysiwlot based on the weighted and unweighted UniFrac
distance matrices.”?**Nucleic acid sequences are available at the Sequence Read Archive
(accession number, PRINA766355).

STATISTICAL ANALYSIS

Initially, all iables were analyzed descriptively. For quantitative variables, we
observed the minimum and maximum values, as well as calculating means, standard
deviations, and quartiles. For qualitative variables, we calculated absolute and relative
frequencies.

To compare means between the two groups, we used Student’s t-tests.2> When the
assumption of normality of the data was rejected, we used the nonparametric Mann-
Whitney test.2> To compare the groups over time, we used the nonparametric Mann-

The generalized linear model was used in order to compare the two groups, in

Whitney, Wilcoxon, and Friedman tests with Bonferroni correction.25

relation to the clinical data, through linear and ordinal logistic regression. This model
was also used in order to evaluate the effect of the independent variable (FMT) on the
dependent variables —alpha diversity indices (with gamma distribution) and relative
abundance of bacterial phyla and genera (with linear distribution). To detect between-

group differences in beta diversity, we used permutational multivariate analysis of




variance, with the adonis function for Bray-Curtis distances. For each variable, 999
permutations were used.

To study the correlations between the preprocedural and postprocedural periods,
we employed Spearman’s correlation coefficient.2> All statistical analyses were
performed with the SPSS Statistics software package, version 17.0 (SPSS Inc., Chicago,
IL, USA). The significance level adopted for all tests was 5%.

RESULTS

PARTICIPANTS

We included 32 patients with metabolic syndrome and one feces donor. Of the 32
patients evaluated, four did not complete the study: two withdrew after randomization;
one became pregnant during follow-up; and one withdrew during follow-up.
Therefore, the final sample comprised 28 patients: 15 in the FMT group and 13 in the

placebo group as shown in the CONSORT flow diagram in the supplementary material.

GENERAL CHARACTERISTICS AJE CLINICAL DATA
When we evaluated all 32 patients at baseline, there were no statistical differences
between the two groups in terms of the mean age (55.20 + 10.22 years vs. 53.62 + 13.09
years, P = 0.722), body weight (94.12 + 8.27 kg vs. 89.29 + 5.70 kg, P = 0.867), or BMI
(36.69 +2.94 kg/m? vs. 35.74 + 2.22 kg/m?, P = 0.719). Table 1 shows the change in body
weight oveHhe course of the study, by group, among the 28 patients who completed
the study. Overall, no significant differences were found between the two groups
regarding the general and clinical characteristics at the time of sample collection.

No serious adverse events were reported in either group. We also observed no
statistical differences between the two groups in terms of biochemical parameters (e.g.,

hematology, glucose, renal function, and liver chemistry), lean mass, or the percentage

of body fat.

CLINICAL FOLLOW-UP




At 6 wk, 6 mo, and one year after the procedures, there were no statistical differences
between the FMT and placebo groups for any of the following: body weight; BMI; waist
circumference; hip circumference; fasting glucose; insulin; glycated hemoglobin (Table
2); the insulin resistance profile; the respiratory compensation point; and the lipid
profile.
MICROBIOME ANALYSIS

In both groups, the predominant phyla were Firmicutes and Bac idetes (Figure
1). At 6 wk after the procedures, the relative abundance of Firmicutes was higher in the
placebo group than in the FMT group (Figure 1a and Table S1 in the Supplementary
Appendix). Over the course of the study period, the abundance of Firmicutes in the
FMT group increased, whereas that of Bacteroidetes decreased in that group, resulting
in the Firmicutes/Bacteroidetes ratio being higher in the FMT group than in the placebo
group. In both groups, the most abundant genera
were Bacteroides, Prevotella, Ruminococcaceae UCG-002, and Megasphaera (Figure 1b and
Table S2). Although there were no significant differences in the abundances of genera
and phyla between the groups and among the time points, there was a marked increase
in Ruminococcus 2 and Phascolarctobacterium in the placebo group, as well as a decrease
in Bacteroides in the FMT group. Over the course of the study, the abundances
of Prevotella, Ruminococcaceae UCG-002, and Faecalibacterium were higher in the FMT

group than in the placebo group.

%PHA AND BETA DIVERSITY
There were no significant differences between the FMT and placebo groups in terms of
the alpha diversity (Figure 2). However, we observed a significant negative correlation
between the Shannon diversity index and the percentage of body fat in both groups. We
also found that the Chaol richness estimate showed a significant negative correlation
with fat mass, as did the Shannon and Simpson diversity indices.

The beta diversity of the microbial community showed significant differences

between the FMT and placebo groups over the course of the study (Figure 3): at baseline




(F=0.83294, R?=0.033542, P = 0.603); at 6 wk after the procedures (F=1.9699, R?>=0.070431,
P =0.039); and at 1 year after the procedures (F=3.0656, R2=0.15278, P<0.003).

DISCUSSION

The gut microbiota has been shown to play a role in a number of diseases, including
inflammatory bowel disease,?**-?pseudomembranous colitis,” primary sclerosing
cholangitis,® and cardiovascular disease. The gut microbiota also interacts with obesity,
metabolic syndrome, and insulin resistance* which have common risk factors and are
highly correlated.

The gut microbiota appears to be an important factor in the development of obesity
and metabolic syndrome, FMT therefore being a possible treatment modality.
Controlled studies have shown that FMT alters the gut microbiota of rats and reduces
their weight, indicating that the microbiota is directly related to nutrient absorption
capacity.®

In one randomized controlled study of FMT, involving male patients with metabolic
syndrome,® the glycemic profile at six weeks after FMT was found to be better in the
patients who received microbiota (from lean individuals) than in those who received
autologous microbiota. In another randomized controlled trial,34 38 obese male patients
were randomized to receive autologous microbiota or allogeneic microbiota from lean
donors. The authors found that, by six weeks after the procedures, there was a
significant (11.5%) increase in insulin resistance among the patients who received
allogeneic microbiota, although that increase was not maintained at 18 wk after the
procedure, which suggests that FMT has only a short-term effect. In a double-blind
randomized controlled study of FMT,* 20 male patients with metabolic syndrome were
allocated to receive autologous or allogeneic (vegan) microbiota. In that study, a slight
improvement in insulin resistance was observed at two weeks after FMT in the patients
receiving allogeneic microbiota.

In a systematic review of FMT in obese individuals with metabolic syndrome,? the

authors evaluated three randomized placebo-controlled studies involving a collective




total of 63 patients. They identified no statistical differences between FMT and placebo
in terms of the glycemic profile or weight loss. However, the studies evaluated differed
in various aspects, including the number of donors, follow-up time, and means of
preparation of the microbiota solution. Another systematic review of FMT in patients
with obesity and metabolic syndrome,3 published in 2020, evaluated six studies: the
three randomized placebo-controlled studies mentioned above 3> two randomized
double-blind placebo-controlled studies? and the prepublication data of the present
study. The authors of that review, which involved a collective total of 154 patients,
detected no statistical difference between FMT and placebo in terms of the clinical
para‘neters evaluated.

In the present study, there were no significant differences in biochemical or
anthropometric parameteré between the two groups or at any of the time points
evaluated. Nevertheless, there were significant postprocedural differences in the
microbiota composition between the placebo group and the FMT group, as evidenced
by the beta diversity results, which indicate that FMT is effective in changing the gut
microbiome and that such changes can persist for at least one year after the procedure.
However, other studies have shown that there is no difference in alpha diversity in the
gut microbiome, as assessed with the Shannon diversity index, between patients
receiving FMT and those receiving a placebo.*>* In one such study,” the FMT group
subjects were divided into two subgroups, based on the insulin sensitivity response
observed: metabolic responders and metabolic nonresponders. Among the metabolic
responders, there was a significant increase (in réation to the baseline value) in the
relative abundance of Akkermansia muciniphila. Human and animal studies have
demonstrated that A. muciniphila is closely associated with improvements in insulin
sensitivity.?® Its beneficial effects may be due to a microbe-induced increase in the
intestinal level of endocannabinoids and epithelial expression of Toll-like receptor two,
which regulates gut barrier function and inflammation.’® However, we observed no
difference between our FMT group and our placebo group, in terms of the abundance

of A. muciniphila, at six weeks or one year out. The lack of a statistical difference




regarding the abundance of A. muciniphila cannot be evaluated in isolation, because the
health of the gut microbiome is defined in terms of diversity, stability, resistance, and
resilience.*?
Limitations

This trial has some limitations. Because gut dysbiosis can be influenced by
inflammation, diet, and environmental exposures,*! there was great variability among
the individuals evaluated. That variability could be attributed, in part, to the fact that
the recommended standardized diet was not followed. All of the patients evaluated
were insulin resistant or had diabetes, and it is known that the use of medications such
as metformin can change the diversity of the intestinal microbiota.4? In addition, there is
as yet no well-established protocol for preparing the donor intestinal microbiota.
Although we followed the protocol devised by van Nood et al,'¢ it was not possible to
ensure that the anaerobic bacteria remained viable until the time of transplantation. The
two species most strongly associated with metabolic health— Faecalibacterium
prausnitzii and A. ma‘im’phﬂa—are both anaerobic.4*# An anaerobic microbiota
preparation protocol may be necessary to increase bacterial viability and engraftment
success of strict anaerobes in FMT.4 It would thus be possible to transplant a greater
diversity of microbiota and keep the composition of the microbiota solution as close as
possible to that of the donor sample. Furthermore, we opted for infusion by
colonoscopy, which is just one of the many possible routes of delivery of FMT, and
success rates have been shown to vary depending on the route of delivery.*Further
studies are needed in order to understand the dose and duration of therapy required to
maximize the therapeutic effect of FMT, while optimizing patient tolerance and
compliance.*” Moreover, we included only one donor (a female) and our sample
comprised only female patE‘nts, whereas most comparable studies in the literature have
evaluated male patients. Sex is recognized as an important factor in a variety of
common conditions, including autoimmune, metabolic, cardiovascular, and psychiatric
disorders,#® Finally, our analysis was also limited not only by the small size of our

sample but also by the small number of studies of the topic in the literature and their




small sample sizes. Because this was a single-center study, our findings may not reflect

the outcomes that can be expected across global populations.

EONCLUSION

In the present study, there were no significant differences in biochemical or
anthropometric parameteré between the two groups or at any of the time points
evaluated. Nevertheless, there were significant postprocedural differences in the
microbiota composition between the placebo group and the FMT group, as evidenced
by the beta diversity results, which indicate that FMT is effective in changing the gut

microbiome and that such changes can persist for at least 1 year after the procedure.
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effects of FMT on clinical parameters.

Research conclusions
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This was a randomized, single-blind, placebo-controlled clinical trial comparing FMT
and a sham procedure in patients with metabolic syndrome. The trial was registered at

ensaiosclinicos.gov.br (identifier: U1111-1223-6951).
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Evaluate the outcomes of fecal microbiota transplantation (FMT) in patients with

metabolic syndrome.
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To investigate new methods for the treatment of the metabolic syndrome.

éesearch background
The prevalence of metabolic syndrome parallels that of obesity and diabetes —up to 45%
of the population worldwide. New therapeutic methods emerge to join efforts in the
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